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new model, contained in the so-called model-file. This information is then used to calculate the set of Feynman
rules associated with the Lagrangian. The Feynman rules calculated by the code can then be used to implement
the new physics model into other existing tools, such as MC generators. This is done via a set of interfaces which

are developed together and maintained by the corresponding MC authors.
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Setup FeynRules directory:
cd

¢

o< 4

D

9
%

mkdir physics/FeynRules

¢
L

cp Downloads/FeynRules1.4.0.tar.gz physics/FeynRules/FeynRules!.4.0.tar.gz

Unpack FeynRules:

cd physics/FeynRules

¢
%

¢
L

tar xvzf FeynRulesl.4.0.tar.gz

Setup model directory:
mkdir Models
mkdir Models/SMpS
cp FeynRulesl.4.0/Models/SM/SM.fr Models/SMpS/SMpS.fr

9,
o

O
%

¢
L

Open model file 1n your favorite text editor:
cd Models
emacs SMpS.fr &
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(***************************************************************************************************************)

[ Gatas This is the FeynRules mod-file for the Standard model
(******

| (R Authors: N. Christensen, C. Duhr
(******

| (****x% Choose whether Feynman gauge is desired.
(****** 1f set to False, unitary gauge is assumed.

******)
******)
******)
******)
******)

****)

(*¥****x Feynman gauge is especially useful for CalcHEP/CompHEP where the calculation is 10-100 times faster. ***)

| (****xx Feynman gauge is not supported in MadGraph and Sherpa.

****)

(***************************************************************************************************************)

MSModelName = "Standard_Model";

MSInformation = {Authors -> {"N. Christensen", "C. Duhr"},

' Version -> "1.0",

Date -> "@2. 06. 2009",

Institutions -> {"Michigan State University", "Universite catholique de Louvain (CP3)"},
Emails -> {"neil@pa.msu.edu"”, "claude.duhr@uclouvain.be"},

URLs -> "http://feynrules.phys.ucl.ac.be/view/Main/StandardModel"};

| FeynmanGauge = False;

(***xx*x Tndex definitions ***k*kix)

| IndexRange[ Index[Generation] ] = Range[3]
-:-- SMpS.fr Top (27,42) (Fundamental)

A " ¥
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Modity Model Into
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L This 1s the FeynRules mod-file for the Standard model

Authors: N. Christensen, C. Duhr

ek Choose whether Feynman gauge 1s desired.
ek It set to False, unitary gauge is assumed.

ek Feynman gauge 1s not supported in MadGraph and Sherpa.

(
(
(
(
(
(
(
(
(
(

M$ModelName = "Standard_Model";

MS$Information = {Authors -> {"N. Christensen", "C. Duhr"},
Version -> "1.0",
o (e 0522009
Institutions -> {"Michigan State University", "Universite catholique de Louvain (CP3)"},

Emails -> {"neil@pa.msu.edu", "claude.duhr@uclouvain.be"},
URL:s -> "http://feynrules.phys.ucl.ac.be/view/Main/StandardModel" } ;

FeynmanGauge = False;

ik Feynman gauge is especially useful for CalcHEP/ CompHEP where the calculation is 10-100 times faster. *#¥)
)

***************************************************************************************************************)

******)
******)
******)
******)
******)

****)

skekesiesk

***************************************************************************************************************)
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Modity Model Into
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***************************************************************************************************************)

L This 1s the FeynRules mod-file for the Standard model g 2
o)

Authors: N. Christensen, C. Duhr, N. Christensen )

i)

ek Choose whether Feynman gauge 1s desired. gt
ek It set to False, unitary gauge is assumed. *ih)
ik Feynman gauge is especially useful for CalcHEP/ CompHEP where the calculation is 10-100 times faster. *#¥)
)

ek Feynman gauge 1s not supported in MadGraph and Sherpa. piise
IR

(
(
(
(
(
(
(
(
(
(

M$ModelName = "Standard_Model_plus_Scalar";

M$Information = {Authors -> {"N. Christensen", "C. Duhr",”N. Christensen”},
Version -> "1.0",
ot iE1i0y20/2009"
Institutions -> {"Michigan State University", "Universite catholique de Louvain (CP3)",
"University of Wisconsin-Madison"},

Emails -> {"neil@pa.msu.edu", "claude.duhr@uclouvain.be","neil@hep.wisc.edu"},
URLs -> "url of your model"};

FeynmanGauge = False;
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(************ Scalar Fields **********)

S[l] =
ClassName -> H,
SeltConjugate -> True,




it Sealar Fields i)
S[l] e
ClassName -> H,

SeltConjugate -> True,
Unphysical -> True,

LI
’_2_‘
L )

"
ClassName -> S,
SeltConjugate -> True,
Unphysical -> True}




(******************** nggS Lagrangian teI-mS****************************)

(*************** Yukawa Lagrangian***********************)




(******************** nggS Lagrangian termS****************************)

LScalar = 1/2 del[S,mu] del[S,mu] - \[Lambda]S ( v*2/2 + muS*\ -
Phibar.Phi )2

(*************** Yukawa Lagrangian***********************)




(*********Total SM Lagrangian*******>

LSM := LGauge + LHiggs + LFermions + LYukawa + LGhost;




(*********Total SM Lagrangian*******>

LSM := LGauge + LHiggs + LFermions + LYukawa + LGhost;

LSMpS := LSM + LScalar;
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Add Parameters

TR0 TR0 0 VO VO VN VN T N N 0N PO VN TR T T D TN TR R VO VO TR0 TR D O TN VR TN T T O O TR TR T D D TR O VO TR T T D D T T O OO T TS R T

\[Lambda] ==




\[Lambda] ==
Parameterlype -> External,

Value -> 0.2,
S
muH ==
S
\[Lambda]S ==
Parameter'lype -> External,
Value -> 0.2,
ParameterName -> lamS},
mud ==
Parameter'lype -> External,
Value -> 400},




Start FeynRules

$FeynRulesPath = "~/physics/FeynRules/FeynRules1.4.0";
SetDirectory[$FeynRulesPath];
<< FeynRules’;




Start FeynRules

VT 0 VO VR VOO VR TR R D O T VO TN TR O 0 R VR T TR T VO O TR T T T D D T T VO VO T T D D O T TR T T T D T T O TR TR TR TR R e

$FeynRulesPath = "~/physics/FeynRules /FeynRulesl.4.0";
SetDirectory[$FeynRulesPath];
<< FeynRules™ ;

-~ FeynRules -
Version: 1.4.0
Authors: C. Duhr, N. Christensen, B. Fuks

Please cite: arXiv:0806.4194
http://feynrules.phys.ucl.ac.be

The FeynRules palette can be opened using the command FRPalette|].
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3
3
3
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[.oad Model

ModelDir = "~/physics/FeynRules/Models/SMpS";
SetDirectory[ModelDir];
LoadModel["SMpS.fr"]




[.oad Model

VT 0 VO VR VOO VR TR R D O T VO TN TR O 0 R VR T TR T VO O TR T T T D D T T VO VO T T D D O T TR T T T D T T O TR TR TR TR R e

V¥ In[4]:= ModelDir =
SetDirectory[ModelDir];
LoadModel ["SMpS.fr"]

This model implementation was created by

N. Christensen

C. Duhr

N. Christensen

Model Version: 1.0

url of your model

For more information, type ModelInformation|].

- Loading particle classes.
- Loading gauge group classes.
- Loading parameter classes.

Model Standard Model_ plus_Scalar loaded.

4 Wl Wl wWd Wl LW wWd LWl uwd wd uwd ua
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Get Mass lerms

VR TR0 TR0 R T 0N O O N R TR R O N TN TR VO VO VO VO 0 D 0N 0N V0N TN TN TN TR N N O VO V0N V0N VO T TR O V0N TN VN TN T T D D D 0N 0N 0N 0N TR T D T T 0L TR TOL T R T

GetMassTerms[LHiggs + LScalar
electParticles -> {{H, H}, {H, S}, {S, S}} ]
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Get Mass lerms

V0T VO VO OO VR TR R D O T VO TN T R T 0 T VN T TR T VO N TR T T T D T T VO VO T T D D O T TR T T T D T T O TR TR TR TR R

win[7= Simplify [Got)(au'rem [miggs +LScalar /. muE - V2 v,

SelectParticles - {{H, €}, {H, S}, (S, s}}]]

Selecting specified field content.
Warning! Only mass eigenstates should be selected!

ou7)= ~muS? §* A4S+ 2HmMUS Sv AS - B2 v? (A + A8)

ving= M2 = {{2 (A +28) v*, -228mus v}, {-228muS v, 28 mus’}}; MatrixForm[M2]

Out[8)/MatrixForm=
2v: (A+2A8) -2muSvAis'

~2muSvisS 2mus?is




Get Masses and Eigenvectors

VR TR0 TR0 R0 R O O O TN R TR R N N TR TR VO VO VO VO D V0N 0N 0N VN TN TN TN N D 0N PO V0N V0N TR TR TR O TN TR V0N TN T T D D D 0N 0N 0N TON T T D O O OO DL T TR R T

Eigenvalues[M2]
Eigenvectors[M2]




Get Masses and Eigenvectors

Bt b T T TR0 TR0 0 VO VO TR O TR TR T D D O T TR VO T T D O O O TR T T D D T T 0L TR O TR DD O TR TR TR TR T R T

wvin¢]= Eigenvalues[M2]

1
Out[g)= {5 2v? 3+ 2mus? a5+ 2v? 2 - J-leuS’v’A)LS+ {-2v? - 2mus? s - 2v? Js)?

1
5 2v2A+2mu82AS+2v2AS+J-16muszv2A)LS+ {-2v* A -2mus? 25 - 2v* 2s)?

win[t0]= Eigenvectors[M2]

v? A - mus? A8 + v? 28 - % \/-lsmus’vz)t)t8+ {-2v? - 2mus? 2s - 2v? 25)°

S {{— 2musS v AS

v? 3 -muS? AS+ v? AS+ g\/-lsmuszv2 A28+ (-2v? 2 -2mus? s - 2v? 2s)?

{_ 2 musS v AS




Add Masses

Copy and Paste

TR0 TR0 0 VO VO VN VN T N N 0N PO VN TR T T D TN TR R VO VO TR0 TR D O TN VR TN T T O O TR TR T D D TR O VO TR T T D D T T O OO T TS R T
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Add Masses

Copy and Paste

3o

mhl ==
Parameterlype -> Internal,

Value -> ...},

A Qe

Parameterlype -> Internal,




Add Masses

Copy and Paste

VT VO VO VOO VR TR R D D O VO TN TN T O 0 R VR T T T O O TR T T T D D T T VO VO T T D D O T TR T T T D T T O TR TR TR TR R

R ~ £
S NS Tr

SMpS-1.fr [x] SMpS.fr
ParameterType -> External,

Value -> 0.2,
ParameterName -> lamS},

muS == {
ParameterType -> External,

Value -> 400},

mhl == {
ParameterType -> Internal,
Value -> Sqgrt[1/2 (2 vA2 \[Lambda] + 2 muSA2 \[Lambda]S + 2 vA2 \[Lambda]S -

Sqrt[-16 muSA2 vAZ2 \[Lambda] \[Lambda]S + (-2 vA2 \[Lambda] -
2 muSA2 \[Lambda]S - 2 vAZ \[Lambda]S)A2]) ]

}

mh2 == {
ParameterType -> Internal,
Value -> Sgrt[ 1/2 (2 vA2 \[Lambda] + 2 muSA2 \[Lambda]S + 2 vA2 \[Lambda]S +

Sqrt[-16 muSA2 vA2 \[Lambda] \[Lambda]S + (-2 vA2 \[Lambda] -
2 muSAZ2 \[Lambda]S - 2 vA2 \[Lambda]S)A2]) ]




Add Rotation Parameters

Copy and Paste

TR0 TR0 0 VO VO VN VN T N N 0N PO VN TR T T D TN TR R VO VO TR0 TR D O TN VR TN T T O O TR TR T D D TR O VO TR T T D D T T O OO T TS R T

MY ==
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Add Rotation Parameters

Copy and Paste

Parameterlype -> Internal,
Value =7
sSIN ==
Parameterlype -> Internal,
Value -> Sqrt[1+sS072] },
$S ==
Parameterlype -> Internal,
Value -> sS0/sSN},
cS ==
Parameterlype -> Internal,
Value -> Sqrt[1-sS"2],
Definition -> Sqrt[1-sS*2]},




Add Rotation Parameters

Copy and Paste

VT VO VO VOO VR TR R D D O VO TN TN T O 0 R VR T T T O O TR T T T D D T T VO VO T T D D O T TR T T T D T T O TR TR TR TR R

L eNé | SMpS.fr
[ o SMpS.fr

sSO == {

ParameterType -> Internal,
: Value -> (vA2 \[Lambda] - muSA2 \[Lambda]S + vA2 \[Lambda]S - Sgrt[-4 muSA2 vA2 \[Lamb
~ da] \[Lambda]S + (-vA2 \[Lambda] - muSA2 \[Lambda]S - vA2 \[Lambda]S)A2])/(2 muS v \[Lambda]S _

ParameterType -> Internal,
Value -> Sgrt[1+sS0A2]},

ParameterType -> Internal,
Value -> sS@/sSN,
Description->"Sine of rotation angle from gauge basis to mass basis in scalar sector."

1,

CS == {
ParameterType -> Internal,
Value -> Sqgrt[1-sSA2],
Definition -> Sqrt[1-sSA2]},




Add Mass-Eigenstate Fields

TR0 TR0 0 VO VO VN VN T N N 0N PO VN TR T T D TN TR R VO VO TR0 TR D O TN VR TN T T O O TR TR T D D TR O VO TR T T D D T T O OO T TS R T

S[] ==




ClassName -> hl,

SelfConjugate -> True,
Mass -> {mhl, Internal},

Width -> whl,
PDG -> 6000001},

S[6] ==
ClassName -> h2,
SelfConjugate -> True,
Mass -> {mh?2, Internal},
Width -> wh2,
PDG -> 6000002}




ClassName -> H,
SeltConjugate -> True,
Unphysical -> True,

ClassName -> S,

SeltConjugate -> True,
Unphysical -> True,




ClassName -> H,

SeltConjugate -> True,

Unphysical -> True,

Definitions -> {H -> - sS h1 + ¢S h2},

ClassName -> S,
SelfConjugate -> True,

Unphysical -> True,
Definitions -> {S -> ¢S hl + sS h2}},
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Format Cell Graphics
4 Untitled-1 4

it Inse
® N O

vin¢}= Eigenvalues[M2]

f

1 |
Outg)= {5 ‘2 viis2mus? as+2vias -, [ -16mus? vi 1as+ (-2v? 2 - 2mus?
v

f
|

[ ~16mus? v A8+ (-2v? ) - 2mus?

‘2»-2 A+v2mus? as+2v? AS
V

v in[t0]:= Eigenvectors[M2]

I

|
v? A - mus? AS + v? S - i | -16mus? v2 Aas+ (-2v? X - 2mus? as |
v

Out[10]= {{

2musS v AS

1

vii-mus? As+viiss = |

- 16mus? v A A8 + (-2 v? A - 2mus? 2s
\

2musS v AS

L Palettes

uit Mathematica Kernel
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Window Help

Evaluate Cells
in Place

valuate

valuate in Subsession

Evaluate Notebook
Evaluate Initialization Cells

v Dynamic Updating Enabled
Convert Dynamic to Literal

Debugger
Debugger Controls

Evaluation...

Abort Evaluation

Remove from Evaluation Queue
Find Currently Evaluating Cell

nterrupt

Kernel Configuration Options...
Parallel Kernel Configuration...
Parallel Kernel Status...

Default Kernel
Notebook's Kernel
Notebook's Default Context

Start Kernel
Quit Kernel

0
98 2
Qe




Start FeynRules

VT 0 VO VR VOO VR TR R D O T VO TN TR O 0 R VR T TR T VO O TR T T T D D T T VO VO T T D D O T TR T T T D T T O TR TR TR TR R e

$FeynRulesPath = "~/physics/FeynRules /FeynRulesl.4.0";
SetDirectory[$FeynRulesPath];
<< FeynRules™ ;

-~ FeynRules -
Version: 1.4.0
Authors: C. Duhr, N. Christensen, B. Fuks

Please cite: arXiv:0806.4194
http://feynrules.phys.ucl.ac.be

The FeynRules palette can be opened using the command FRPalette|].

3
3
3
3
3
3
3
3
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[.oad Model

VT 0 VO VR VOO VR TR R D O T VO TN TR O 0 R VR T TR T VO O TR T T T D D T T VO VO T T D D O T TR T T T D T T O TR TR TR TR R e

V¥ In[4]:= ModelDir =
SetDirectory[ModelDir];
LoadModel ["SMpS.fr"]

This model implementation was created by

N. Christensen

C. Duhr

N. Christensen

Model Version: 1.0

url of your model

For more information, type ModelInformation|].

- Loading particle classes.
- Loading gauge group classes.
- Loading parameter classes.

Model Standard Model_ plus_Scalar loaded.

4 Wl Wl wWd Wl LW wWd LWl uwd wd uwd ua
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Check Masses

VR TR0 TR0 R0 R O O O TN R TR R N N TR TR VO VO VO VO D V0N 0N 0N VN TN TN TN N D 0N PO V0N V0N TR TR TR O TN TR V0N TN T T D D D 0N 0N 0N TON T T D O O OO DL T TR R T

CheckMassSpectrum[LHiggs + LScalar]

Cladaines o g
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v A i e e ST
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Check Masses

V0T VO VO OO VR TR R D O T VO TN T R T 0 T VN T TR T VO N TR T T T D T T VO VO T T D D O T TR T T T D T T O TR TR TR TR R

v in[7]= CheckMassSpectrum|[LHiggs + LScalar]
Expanding flavors...
All mass terms are diagonal.
Expanding flavors...

Getting mass spectrum.

Checking for less then 0.1% agreement with model file values.

Out[7)/TableForm=
Particle Analytic value

h2 %cs2 u? 4 3 cS?v? 3+ musS? sS? AS - 2cSmusS sSv AS + ¢S? v? A8

hl 3 ;sszvz)ucszmuszAS+ZcSmuSsSvAS+sszv2AS

Numerical value Model-file value

310.483

126.883

79.8252

310.483

126.883

79.8252
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(Generate Feynman Rules

0T TR0 R VO O VN VN VO TR R R O PR VR VN TR0 R R 0N VR 0N VO VR O T R D PR V0N VO TN O T TR 0 R V0N TR VR O TR T R D TR V0RO TR TR T D T O ULV O T T D Y

FeynmanRules[LSMpS];

Cladaines o g
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Generate Feynman Rules

0T VTR VOO T TR R D O VO VO TN T T 0 T TR T TR T VO O TR T T T D D T T VOO T T D D O T T T T T DD T T TR TR TR TR TR R

v n[g]= FeynmanRules [LSMpS];
Starting Feynman rule calculation.
Expanding indices...
Collecting the different structures that enter the vertex...
Found 42 possible non zero vertices.
Start calculating vertices...

42 vertices obtained.

[ &% % % % % % * & & & & & & & ® ® * * * K K K K K K K Kk Kk Kk Kk * * * *)
Vertex 1

Particle 1 : Scalar , h2

Particle 2 : Scalar , h2

Particle 3 : Scalar , h2

Particle 4 : Scalar , h2

Vertex:

~6ics*i-6ics?is

(***********************************)
Vertex 2
Particle 1 : Scalar , hl




Generate Feynman Rules

0T 0 VTR VOO VR TR D D R T VO TN T O 0 T VR VO T T VO O TR T T T D T T VO VO T T D D O T T T T T D T YO O TR TR TR TR R

K ok Kk K Kk K Kk K Kk K K K K K K K K K K K K K K Kk K Kk K * *)
Vertex 2

Particle Scalar , hl

Particle Scalar , h2

Particle Scalar , h2

Particle Scalar , h2

vVertex:

6ics’ssi+6ics’ssas

(% % % % % % % % % % % * % & * & * kX * K * K kK K Kk K K K Kk Kk Kk Kk * * *)
Vertex 3

Particle Scalar , hl

Particle Scalar , hl

Particle Scalar , h2

Particle Scalar , h2

Vertex:

~6ics?ss®1-6ics?ss?is

(***********************************)

Vertex 4
Particle 1 : Scalar , hl

Particrle 2 + Seralar hi

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
b
3
3
3
3




Generate Feynman Rules

V0T VTR VOO TR TR R D R T VO TN T O 0 O VR T TR T VO O TR TR T T D T T VO VO T T D D O T TR T T T DD T YO 0L TR TR TR TR R

(***********************************)
Vertex 14
Particle
Particle

1 Scalar h2
2 Scalar

Particle 3 Vector
4

Particle Vector

Vertex:

i 082 o2
1C8% e’ Muy,uy,

2s2
(***********************************)
Vertex 15
Particle Scalar hl
Scalar h2

1
Particle 2
Particle 3 Vector

4

Particle Vector

Vertex:

icse?ssn,,,.,

2s2

3
3
3
3
3
3
3
3
3
3
3
3
b
3




Generate Feynman Rules

0T VTR VOO T TR R D O VO VO TN T T 0 T TR T TR T VO O TR T T T D D T T VOO T T D D O T T T T T DD T T TR TR TR TR TR R

(***********************************)
Vertex 25
Particle 1 Scalar , h2

Particle 2 : Dirac , uq’
Particle 3 Dirac , ug
Vertex:

1€881,,1, 6ty ,2, Oy ,uy (V) £

V2

(***********************************)

Vertex 26
Particle 1 Scalar , hl

Particle 2 : Dirac , uq’
Particle 3 Dirac , ugq
Vertex:

188 61y,1, Oty,2y Ouyny (V°) £

V2

(***********************************)

Vertex 27

| I R NV W—— - [ I 7 QY2 [y 2 [y 2 [ NV N2 [y I—— - R N 72 [y I ¥y WV WV QW2 WV




FeynmanGauge = True;
SetDirectory[ModelDir];
WriteCHOutput[LSMpS]




Generate CalcHEP Files

0T TR0 0 0 00 O VN VN TR TR 0 D VO V00 8 TR TR T 0 R T T VO TR TR D O R TR TR T T T D T O O TR T T D D T T T T TR TR D D O R TR TR TR TR T S T

v In¢g= FeynmanGauge = True;
SetDirectory[ModelDir];
WriteCHOutput [LSMpS, MaxExpressionLength - 200]

-~ - - FeynRules interface to CalcEep - - -
Authors: N. Christensen, C. Duhr

Writing files to

/Users/neil/physics/FeynRules /Models/SMpS/Standard Model_plus_Scalar-CH.

Writing particles file 'prtclsl.mdl’.

Writing external parameter file 'varsl.mdl'.

149 |\

Writing internal parameter file 'funcl.mdl'.

Calculating Feynman rules for Ll

Starting Feynman rule calculation for Ll.
Neglecting all terms with more than 4 particles.
Expanding indices...

Expanding flavors...

HA ud uwd uwd uwd ud ud L

Collectinag the different structures that enter the ve




Generate CalcHEP Files

0T VTR VOO T TR R D O VO VO TN T T 0 T TR T TR T VO O TR T T T D D T T VOO T T D D O T T T T T DD T T TR TR TR TR TR R

Writing internal parameter file 'funcl.mdl'.

Calculating Feynman rules for Ll

Starting Feynman rule calculation for Ll.

Neglecting all terms with more than 4 particles.

Expanding indices...

Expanding flavors...

Collecting the different structures that enter the vertex...
Found 201 possible non zero vertices.

Start calculating vertices...

201 vertices obtained.

Writing Vertices file 'lgrngl.mdl’
and appending variable file 'funcl.mdl’,
particle file 'prtclsl.mdl' and variable file 'varsl.mdl'.

Done in 0.16min!




FeynmanGauge = False;
SetDirectory[ModelDir];
WriteMGOutput[LSMpS]




Generate MadGraph Files

00T 0 0 0 O VN TN TR TR T VO 08 N TR TR T D N T T VOO T TR D O R TR TR T T T D T O 0L TR T T D D TR T T T TR TR DD O R TR TR TR TR T R

v n[15)= FeynmanGauge = False;
SetDirectory[ModelDir];
WriteMGOutput [LSMpS]

-~ - - FeynRules interface to MadGraph - - -
C. Duhr, M. Herquet, 2008
Checking part
Goldstone bos
Chost fields
Checking par

Warning:

- Some external parameters do not have assigned a
BlockName. Assigning default block FRBlock.

Proceed anyway?

o) (“Abort )
T ——




Generate MadGraph Files

0T TR0 0 0 00 O VN VN TR TR 0 D VO V00 8 TR TR T 0 R T T VO TR TR D O R TR TR T T T D T O O TR T T D D T T T T TR TR D D O R TR TR TR TR T S T

v n[15)= FeynmanGauge = False;
SetDirectory[ModelDir];
WriteMGOutput [LSMpS]

-~ - - FeynRules interface to MadGraph - - -
C. Duhr, M. Herquet, 2008
Checking particle list...
Goldstone bosons will be ignored.
Ghost fields will be ignored.
Checking parameter list...

Calculating Feynman rules for Lagrangian number 1

Starting Feynman rule calculation.

Expanding indices...

Expanding flavors...

Collecting the different structures that enter the vertex...
Found 96 possible non zero vertices.

Start calculating vertices...

96 vertices obtained.

Merging vertices...

L 72 [ IV Ry WV [ 7 N N N N [ N [ W - 7 I R W R W R W R WV

&C’«I»(’

~/
A
v




Generate MadGraph Files

T 0 VO VO VOO T TR R D D O VO VO TN T O 0 TR TR T T T T VO O TR T T T D D T T T VO T T D D O T T T T T D T T TR TR TR TR TR R

L =T
4 -).:..':_'.,_

Calculating Feynman rules for Lagrangian number 1

Starting Feynman rule calculation.

Expanding indices...

Expanding flavors...

Collecting the different structures that enter the vertex...
Found 96 possible non zero vertices.

Start calculating vertices...

96 vertices obtained.
Merging vertices...

Converting vertices to MG format
Getting color structures.
Getting HELAS structures: 96/96 .

MG Output obtained for Standard Model_plus_Scalar
MG / ME output written on Standard Model plus_Scalar_ MG

]
;
;
;
;
;
;
]
;
;
]
;
;
]
;
;




Download CalcHEP

0T TR0 0 VO O VN VN TR TR D VO V0N N TR TR TR 0 R T VO VO TR T TR D 0 R TR TR T T T D T O O TR T T D D D T T T T T TR D D O R TR TR TR TR T S

CalcHEP
oy hitp:/ /theory.sinp.msu.ru/~pukhov/calchep.html| ¢ L Qr Google

CalcHEP - a package for calculation of Feynman diagrams and integration over multi-particle phase space.

Authors - Alexander Pukhov, Alexander Belyaev, Neil Christensen

The main idea in CalcHEP was to enable one to go directly from the Lagrangian to the cross sections and distributions effectively, with the high level of
automation. The package can be compiled on any Unix platform.

General information
@ Main facilities, ¥ Old Versions, ® Acknowledgments @ News&Bugs

Manual
9 M@ (137 pages, 445KB, March 18, 2005)
@ HEP computer tools (Lecture by Alexander Belyaev)
See also: Dan Green, High Pt physics at hadron colliders (Cambrige University Press)

Codes download.
@ Licence @ Installation @ References&Contributions
CalcHEP code for UNIX: @ version 2.5.5 (October 15 ,2009) @ version 2.6.a ( version under development)

Models:
@ MSSM(04.08.2006) @ NMSSM @ CPVMSSM(04.08.2006) @ LeptoQuarks.
Universal Extra Dimension Models: @ SDSM @ 6DSM SUSY models for CompHEP @ By A Semenov

Relative packages on Web:
Packages for model generation: @ LanHEP @ FeynRules
RGE and spectrum calculation: @ SuSpect @ Isajet @ SoftSUSY @ SPheno @ CPsuperH @ NMHDecay
Particle widths in MSSM: @ SDECAY @ HDECAY
Parton showers: @ PYTHIA

Email contact: Calchep@googlegroups.com

@ Main Page




Download CalcHEP

0T TR0 0 VO O VN VN TR TR D VO V0N N TR TR TR 0 R T VO VO TR T TR D 0 R TR TR T T T D T O O TR T T D D D T T T T T TR D D O R TR TR TR TR T S

CalcHEP

55 http: / ftheory.sinp.msu.ru/~pukhov/calchep.html ¢ L Qr Google

CalcHEP - a package for calculation of Feynman diagrams and integration over multi-particle phase space.

Authors - Alexander Pukhov, Alexander Belyaev, Nei

. The main idea in CalcHEP was to enable one to go directly from the Lagrangian to the cross secti with the high level of
automation. The package can be compiled on any Unix platform.

General information
@ Main facilities, @ OId Versions , A ck

CalcHEP code for UNIX: @ version (Octobet 15,2009) @ version 2.6.a ( version under development)

. Email contact:

Models:
@ MSSM(04.08.2006) @ NMSSM @ CPVMSSM(04.08.2006) @ LeptoQuarks.
Universal Extra Dimension Models: @ 5DSM @ 6DSM SUSY models for CompHEP @ By A Semenov

Relative packages on Web:
Packages for model generation: @ LanHEP @ FeynRules
RGE and spectrum calculation: @ SuSpect @ Isajet @ SoftSUSY @ SPheno @ CPsuperH @ NMHDecay
Particle widths in MSSM: @ SDECAY @ HDECAY
Parton showers: @ PYTHIA

calchep@googlegroups.com




Download CalcHEP

0T TR0 0 VO O VN VN TR TR D VO V0N N TR TR TR 0 R T VO VO TR T TR D 0 R TR TR T T T D T O O TR T T D D D T T T T T TR D D O R TR TR TR TR T S

CalcHEP

55 http: / ftheory.sinp.msu.ru/~pukhov/calchep.html ¢ L Qr Google

CalcHEP - a package for calculation of Feynman diagrams and integration over multi-particle phase space.

Authors - Alexander Pukhov, Alexander Belyaev, Neil Christensen

The main idea in CalcHEP was to enable one to go directly from the Lagrangian to the cross sections and distributions effectively, with the high level of
| automation. The package can be compiled on any Unix platform.

General information
@ Main facilities, @ Old Versions, @ Acknowledgments @ News&Bugs

Manual

2 M man 2.3.5(ps.gz) (137 pages, 445KB, March 18, 2005)
coRye by Alexander Belyaev)

See also: Dan Gmen. High Pt physics at hadroiNgg

o
Universal Extra Dimension Models: @ 5DSM @ 6DSM SUSY models for Com|

Relative packages on Web:
Packages for model generation: @ LanHEP @ FeynRules
RGE and spectrum calculation: @ SuSpect @ Isajet @ SoftSUSY @ SPheno @ CPsuperH @ NMHDecay
Particle widths in MSSM: @ SDECAY @ HDECAY
Parton showers: @ PYTHIA

Email contact: Calchep@googlegroups.com




< Setup CalcHEP directory:

¢ ¢
0‘0 D 0

mkdlr physics/CalcHEP
cp Downloads/calchep_2.5.5.tar.gz physics/CalcHEP/calchep_2.5.5.tar.gz

Complle CalcHEP:
cd physics/CalcHEP
tar xvzf calchep_2.5.5.tar.gz
Ga Al chiep 250t

make

Start CalcHEP:

ankUsrIir s/ chi2:5.5
GO By G220 5
./calchep &

¢
0‘0

¢
¢ o 00

.
%

¢
0’0




\ CalcHEP/symb

Abstract

CalcHEP package is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put into the CalcHEP
was to make available passing from the lagrangian
to the final distributions effectively with the
high level of automatization.

Use F2 key to get information about interface
facilities and F1 - as online help.

Standard Model (CKM=1)
Standard Hodel

IMPORT OF HODELS




\ CalcHEP/symb

Enter name of directory with models, or press Esc to

Dir= ~/physics/FeynRules/Hodels/SHpS/Standard HModel

IMPORT OF HMODELS

Exit, or F1 for Help

ylus_Scalar-CHf} =




\ CalcHEP/symb

IMPORT OF HODELS

Enter name of directory with models, or press Esc to Exit, or F1 for Help

Dir= ~/physics/FeynRules/Hodels/SHpS/Standard_Model _plus_Scalar-CHE = |

Choose a model

Standard_Hodel _plus_Sc | 1.mdl




\ CalcHEP/symb

Enter name of directory with models, or press Esc to
Dir= ~/physics/FeynRules/Hodels/SHpS/Standard HModel
Choose a model

Standard_Hodel _plus_Sc | 1.mdl

Correct name SHps@

IMPORT OF HMODELS

Exit, or F1 for Help

ylus_Scalar-CHf} =




\ CalcHEP/symb

Abstract

CalcHEP package is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put into the CalcHEP
was to make available passing from the lagrangian
to the final distributions effectively with the
high level of automatization.

Use F2 key to get information about interface
facilities and F1 - as online help.

Standard Hodel (CKH=1)
Standard HModel

IMPORT OF HMODELS




o \ CalcHEP/symb
Hodel: SHpS

Abstract

CalcHEP package is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put into the CalcHEP
was to make available passing from the lagrangian
to the final distributions effectively with the
high level of automatization.

Use F2 key to get information about interface
facilities and F1 - as online help.

Enter Process

Force Unit.Gauge OFF
Edit model

Delete model




o \ CalcHEP/symb
Hodel: SHpS

Abstract

CalcHEP package is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put into the CalcHEP
was to make available passing from the lagrangian
to the final distributions effectively with the
high level of automatization.

Use F2 key to get information about interface
facilities and F1 - as online help.

Edit model

Parameters
Constraints
Particles
Vertices
Libraries
RENAME

CHECK MODEL




eSO \ CalcHEP/symb
Hodel: SHpS

Abstract

CalcHEP package is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put into the CalcHEP
was to make available passing from the lagrangian
to the final distributions effectively with the
high level of automatization.

Use F2 key to get information about interface
facilities and F1 - as online help.

The model is Ok
Press any ke

Edit model
CHECK HODEL




o \ CalcHEP/symb
Hodel: SHpS

Abstract

CalcHEP package is created for calculation of
decay and high energy collision processes of
elementary particles in the lowest order (tree)
approximation. The main idea put into the CalcHEP
was to make available passing from the lagrangian
to the final distributions effectively with the
high level of automatization.

Use F2 key to get information about interface
facilities and F1 - as online help.

Enter Process

Force Unit.Gauge OFF
Edit model
Delete model




(Generate Process Code

e NO \ CalcHEP/symb
Hodel: SHpS

List of particles (antiparticles)

ve(ve~ )- Electron-neut wm(vm~ )- Hu-neutrino vt(vt~ )- Tau-neutrino
e-(e+ )J- Electron m- (m+ )- Huon tt-(tt+ )- Tau

u{u~ J- u-quark cl{c~ J- c¢-quark t(t~ J- t-quark

d{d~ )- d-quark s(s~ J- s-quark b(b~ J- b-quark

A(A )- Photon Z(Z )- Z H+ (H- )- H

G(G )- G hl(hl )- hl h2 (h2 )- h2

Enter process: 808 I




(Generate Process Code

\ CalcHEP/symb
SHMpS

List of particles (antiparticles)

ve(ve~ )- Electron-neut wm(vm~ )- Hu-neutrino vt(vt~ )- Tau-neutrino
e-(e+ )- Electron m- (m+ )- HMuon tt-(tt+ )- Tau

u{u~ J- u-quark cl{c~ J- c¢-quark t(t~ J- t-quark

d{d~ )- d-quark s(s~ J- s-quark b(b~ J- b-quark

A(A )- Photon Z(Z )- Z H+ (H-

G(G

There are files in directory ‘'results/‘.

To continue you has to clean or rename this directory.
Press any ke




o \ CalcHEP/symb
Hodel: SHpS

List of particles (antiparticles)

ve(ve~ )- Electron-neut wm(vm~ )- Hu-neutrino
e-(e+ )- Electron m- (m+ )- Huon

u{u~ J- u-quark cl{c~ J- c¢-quark

d{d~ )J- d-quark s(s~ )J- s-quark

A(A )- Photon Z(Z )- Z

G(G hl{hl J- hl

vt(vt~ )- Tau-neutrino
tt-(tt+ )- Tau

t(t~ J- t-quark

b (b~ J- b-quark

H+ (H- )- H

h2 (h2 )J- h2

View

Rename




[V A P W

Generate Process Code

TR TR 0 O T VN VI TR VO R TR TR TR T 0 T T V0RO TR T T O D O T TR VO T T D O O O TR T T D D T T OO T TR DD TR TR TR TR TR R T

Nic -

Squaring technique
Hrite down processes

{




®SNO \ CalcHEP/symb

Delete,On/off,Restore, Latex | 1/20




Ny

(Generate Process Code

0T T R R O PN VO VN VRN VRN 0 R R VN PR VN VN V0N TR0 R R VO V0N PR VN V0N N TR R R 0% PO VN VN TR0 VO R0 R N R VO VO TR0 TR0 R R R PO PR VN VN TR TR R R O PO VR TN N O TG R YO

L HONG) \ CalcHEP/symb
Hodel: SHpS

Process: e-,e+->Z,b,h~

Feymman diagrams View diagrams
20 diagrams in 1 subprocesses are constructed. s : :
0 diagrams are deleted. Hrite down processes




eSO
Hodel :

Process:

diagrams
diagrams

diagrams
diagrams
diagrams

\ CalcHEP/symb

e-,e+->Z,b,b~

Feymman diagrams
in 1 subprocesses
are deleted.

Squared diagrams

in 1 subprocesses
are deleted.

are calculated.

are constructed.

are constructed.

View squared diagrams
Symbolic calculations
Hake&Launch n_calchep
Hake n_calchep
REDUCE program




(Generate Distribution

R0 TR0V R TR O TON O TON T T U U V0N V0N V0N V0N VO TN U U VO T T V0N V0N V0N TR D D 0N 0N N TN 0 T T D 0N 0N TONTON TN T O O OO T T D D O T TR TR T T T e

\ CalcHEP/num

{(sub)Process: e-, e+ -> b, b~, Z

Honte Carlo session: 1l(begin)
Subprocess

Hodel parameters
Constraints

QCD coupling
Breit-Higner

Cuts

Phase space mapping
Vegas

Generate events




(Generate Distribution

R0 TR0V R TR O TON O TON T T U U V0N V0N V0N V0N VO TN U U VO T T V0N V0N V0N TR D D 0N 0N N TN 0 T T D 0N 0N TONTON TN T O O OO T T D D O T TR TR T T T e

NG '\ CalcHEP/num

{(sub)Process: e-, e+ -> b, b~, Z
Honte Carlo session: 1l(begin)

S.F.1: OFF

S.F.2: OFF

First particle momentum|[GeV] 7000
Second particle momentum[GeV] 7000
First particle unpolarized

Second particle unpolarized




(Generate Distribution

R0 TR0V R TR O TON O TON T T U U V0N V0N V0N V0N VO TN U U VO T T V0N V0N V0N TR D D 0N 0N N TN 0 T T D 0N 0N TONTON TN T O O OO T T D D O T TR TR T T T e

NG '\ CalcHEP/num

{(sub)Process: e-, e+ -> b, b~, Z
Honte Carlo session: 1l(begin)

S.F.1: OFF

S.F.2: OFF

First particle momentum|[GeV] 2
First particle unpolarized
Second particle unpolarized




(Generate Distribution

R0 TR0V R TR O TON O TON T T U U V0N V0N V0N V0N VO TN U U VO T T V0N V0N V0N TR D D 0N 0N N TN 0 T T D 0N 0N TONTON TN T O O OO T T D D O T TR TR T T T e

\ CalcHEP/num

{(sub)Process: e-, e+ -> b, b~, Z
Honte Carlo session: 1l(begin)

Subprocess

IN state

Hodel parameters
Constraints

QCD coupling
Breit-Higner
Cuts

Vegas

Generate events
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Generate Distribution

Regularization
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(Generate Distribution

0T T R R O PN VO VN VRN VRN 0 R R VN PR VN VN V0N TR0 R R VO V0N PR VN V0N N TR R R 0% PO VN VN TR0 VO R0 R N R VO VO TR0 TR0 R R R PO PR VN VN TR TR R R O PO VR TN N O TG R YO

\ CalcHEP/num

(sub)Process: e-, e+ -> b, b~, Z

Honte Carlo session: 1l(begin)
||

Current kinematical scheme

->» outl= 4 out?2= 5




1011

Phase space mappinc

Kinematics

1stribut
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[N P W A P P AT T TR ¢ W Y A Y RV, el VY W S



[V L WA P P LA W T W TR T W Y MY A, il VY VIV S S A T T e M W T PV P T Y T P R Y A T T L e A Y M 1 T Y ) MV I L P W Tl S NI B T W 1 T T e W T A VA W §O T e ey
L - - 03 oy S 2 2 2 2 A > 2 g A 0 A 1

Generate Distribution

Phase space mappinc

Kinematics

Reqgularization




Ny

(Generate Distribution

0T T R R O PN VO VN VRN VRN 0 R R VN PR VN VN V0N TR0 R R VO V0N PR VN V0N N TR R R 0% PO VN VN TR0 VO R0 R N R VO VO TR0 TR0 R R R PO PR VN VN TR TR R R O PO VR TN N O TG R YO

NG '\ CalcHEP/num

(sub)Process: e-, e+ -> b, b~, Z
Reqularization 3

-Clr-Del—-Size—Read-ErrHes
Homentum |> Mass <|> Width <| Power
34 | MZ | HZ |2

34 |mh1 |wh1
34 |mh2 | wh2 12

-F1—F2—Xaoto4Yaoto—Find—Write Y/




(Generate Distribution

R0 TR0V R TR O TON O TON T T U U V0N V0N V0N V0N VO TN U U VO T T V0N V0N V0N TR D D 0N 0N N TN 0 T T D 0N 0N TONTON TN T O O OO T T D D O T TR TR T T T e

\ CalcHEP/num

{(sub)Process: e-, e+ -> b, b~, Z

Honte Carlo session: 1l(begin)
Subprocess

IN state

Hodel parameters
Constraints

QCD coupling
Breit-Higner
Cuts

Phase sEace maﬁﬁini
]

Generate events




(Generate Distribution

NG '\ CalcHEP/num

(sub)Process: e-, e+ -> b, b~, Z
Honte Carlo session: 1l(begin)

#IT Cross section [pb] Error % ncall chi**2
KEKKXXXK KK X XKL KKK K XL LK XKL XKL XKL KK XK KKK XXX KKX

nSess_1

nCalls_1 10000
nSess_2 0

nCalls_2 = 10000
*Start integration
Display Distributions
Clear statistic

Freeze grid (0) )
Clear grid
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(Generate Distribution

0T T R R O PN VO VN VRN VRN 0 R R VN PR VN VN V0N TR0 R R VO V0N PR VN V0N N TR R R 0% PO VN VN TR0 VO R0 R N R VO VO TR0 TR0 R R R PO PR VN VN TR TR R R O PO VR TN N O TG R YO

S®no '\ CalcHEP/num

(sub)Process: e-, e+ -> b, b~, Z

-Clr-Del—Size—Read—ErrHes
Parameter 1|> Min_ 1 <|> Max_ 1 <|Parameter 2|> HMHin 2 <|> HMax 2 <

M(b,h~) |0 Jaoo@ | | |

= 1—F2—Xaoto—Yaoto—F ind—Hrite y/




(Generate Distribution

NG '\ CalcHEP/num

(sub)Process: e-, e+ -> b, b~, Z
Honte Carlo session: 1l(begin)

#IT Cross section [pb] Error % ncall chi**2
KEKKXXXK KK X XKL KKK K XL LK XKL XKL XKL KK XK KKK XXX KKX

nSess_1

ncalls_1 10000
nSess_2 0

ncalls_2 = 10000

Set Distributions
Display Distributions
Clear statistic

Freeze grid (0) )
Clear grid




S®no '\ CalcHEP/num

(sub)Process: e-, e+ -> b, b~, Z
Honte Carlo session: 1l(begin)

Cross section [pb] Error % nCall
1.5444E-01 3.45E+00 9216 nSess_1
1.5518E-01 9.05E-01 9216 nCalls_1
1.5862E-01 5.98E-01 9216 nSess_2 0
1.5843E-01 6.01E-01 9216 ncalls_2 10000
1.5848E-01 4.88E-01 9216 Set Distributions
1.5809E-01 3.01E-01 46080 18| *Start integration

#XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX Display Distributions
Clear statistic

Freeze grid OFF
Clear grid

10000




S®no '\ CalcHEP/num

(sub)Process: e-, e+ -> b, b~, Z
Honte Carlo session: 1l(begin)

Cross section [pb] Error % nCall
1.5444E-01 3.45E+00 9216 nSess_1 5
1.5518E-01 9.05E-01 9216
1.5862E-01 5.98E-01 9216 nSess_2 0
1.5843E-01 6.01E-01 9216 nCalls_2 10000
1.5848E-01 4.88E-01 9216 Set Distributions
1.5809E-01 3.01E-01 46080 18 | *Start integration

P{}{}{}{}{XXXX}{}{}{}{}{}{XXXX}{}{}{}{}{XXX}{XXXXXXXXXXXXXXXXXXXXXXXX Display Distributions

Clear statistic

Freeze grid (0) )

Clear grid




eNo

¥

I
1
2
3
4
5

< >

T Cross section [pb]
.5444E-01
.5518E-01
.5862E-01
.5843E-01
.5848E-01

. 5809E-01

(sub)Process: e-, e+ -> b, bh~,
Honte Carlo session: 1l(begin)

Error 3%
3.45E+00
9.05E-01
5.98E-01
6.01E-01
4.88E-01
3.01E-01

\ CalcHEP/num

Z

ncall
9216
9216
9216
9216
9216
46080

KEKXXX XXX XXX XXX XXX XX XXX XX XXX XXX XXX KX XXX XXX KX XXX XXX

nCalls_1 = 100000

Enter new value 100000f = |
1




S®no '\ CalcHEP/num

(sub)Process: e-, e+ -> b, b~, Z
Honte Carlo session: 1l(begin)

Cross section [pb] Error % nCall
1.5444E-01 3.45E+00 9216
1.5518E-01 9.05E-01 9216
1.5862E-01 5.98E-01 9216
1.5843E-01 6.01E-01 9216
1.5848E-01 4.88E-01 9216
1.5809E-01 3.01E-01 46080 1

#XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

nSess_1

ncalls_1 100000
nSess_2 0

ncalls_2 = 10000

Set Distributions
Display Distributions
Clear statistic

Freeze grid (0) )
Clear grid
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¥
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Fb] bl ] P P Pt et et okt

T Cross section [pb]
. 5444E-01
.5518E-01
.5862E-01
.5843E-01
. 5848E-01
.5809E-01
. 5845E-01
.5830E-01
.5786E-01
.5812E-01
.5849E-01

. 5822E-01

WHMHHNWBG\UIWN

(sub)Process: e-, e+ -> b, bh~,
Honte Carlo session: 1l(begin)

Error 3%
.45E+00
.05E-01
.98E-01
.01E-01
.88E-01
.01E-01
.34E-01
.99E-01
.65E-01
.01E-01
.59E-01
.32E-02

'\ CalcHEP/num

ncall
9216
9216
9216
9216
9216
46080
94500
94500
94500
94500
94500

472500 0.9

REXXEXKXX XXX XXX XXX XX KKK XXX XK XXX XX R KKK XXX XK KK XX XX KKX XX

nSess_1

nCalls_1 100000
nSess_2 0
nCalls_2 10000
Set Distributions
*Start integration
Clear statistic

Freeze grid
Clear grid

OFF
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I
1
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Fb] bl ] P P Pt et et okt

T Cross section [pb]
. 5444E-01
.5518E-01
.5862E-01
.5843E-01
. 5848E-01
.5809E-01
. 5845E-01
.5830E-01
.5786E-01
.5812E-01
.5849E-01

. 5822E-01

QHMHHNUJBG\M\DN

(sub)Process: e-, e+ -> b, bh~,
Honte Carlo session: 1l(begin)

Error 3%
.45E+00
.05E-01
.98E-01
.01E-01
.88E-01
.01E-01
.34E-01
.99E-01
.65E-01
.01E-01
.59E-01
.32E-02

\ CalcHEP/num

ncall
9216
9216
9216
9216
9216
46080
94500
94500
94500
94500
94500
472500

0.9

REEXXX XXX XXX KK XXX KKK XXX KX XXX X XXX XXX KX XK KX XK XXX XXX KKK
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Generate Distribution
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Make mhl & mh?2 the external parameters:
Set mh1 & mh?2 to be external.
Set \[Lambda] and muH to be internal.

Set their values to be formulas in terms of mh1 & mh?2.

Add other allowed lagrangian terms.

Start implementing your favorite
unimplemented model!




