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Links

This tutorial:
http://www.hep.wisc.edu/~neil/Research/talks/
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FeynRules:
http://feynrules.phys.ucl.ac.be
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http://theory.sinp.msu.ru/~pukhov/calchep.html
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http://madgraph.hep.uiuc.edu/
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Download FeynRules



Download FeynRules

FeynRules 
Code



Download FeynRules

Manual



Prepare FeynRules

Setup FeynRules directory:
cd
mkdir  physics/FeynRules
cp  Downloads/FeynRules1.4.0.tar.gz  physics/FeynRules/FeynRules1.4.0.tar.gz

Unpack FeynRules:
cd  physics/FeynRules
tar  xvzf  FeynRules1.4.0.tar.gz

Setup model directory:
mkdir  Models
mkdir  Models/SMpS
cp  FeynRules1.4.0/Models/SM/SM.fr  Models/SMpS/SMpS.fr

Open model file in your favorite text editor:
cd  Models
emacs  SMpS.fr  &





Modify Model Info
(***************************************************************************************************************)
(******                                     This is the FeynRules mod-file for the Standard model                                         ******)
(******                                                                                                                                                                     ******)
(******     Authors: N. Christensen, C. Duhr                                                                                                          ******)
(******                                                                                                                                                                     ******)
(****** Choose whether Feynman gauge is desired.                                                                                               ******)
(****** If  set to False, unitary gauge is assumed.                                                                                                       ****)
(****** Feynman gauge is especially useful for CalcHEP/CompHEP where the calculation is 10-100 times faster. ***)
(****** Feynman gauge is not supported in MadGraph and Sherpa.                                                                       ****)
(***************************************************************************************************************)

M$ModelName = "Standard_Model";

M$Information = {Authors -> {"N. Christensen", "C. Duhr"}, 
             Version -> "1.0",
             Date -> "02. 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;
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Modify Model Info
(***************************************************************************************************************)
(******                                     This is the FeynRules mod-file for the Standard model                                         ******)
(******                                                                                                                                                                     ******)
(******     Authors: N. Christensen, C. Duhr, N. Christensen                                                                                ******)
(******                                                                                                                                                                     ******)
(****** Choose whether Feynman gauge is desired.                                                                                               ******)
(****** If  set to False, unitary gauge is assumed.                                                                                                       ****)
(****** Feynman gauge is especially useful for CalcHEP/CompHEP where the calculation is 10-100 times faster. ***)
(****** Feynman gauge is not supported in MadGraph and Sherpa.                                                                       ****)
(***************************************************************************************************************)

M$ModelName = "Standard_Model_plus_Scalar";

M$Information = {Authors -> {"N. Christensen", "C. Duhr",”N. Christensen’’}, 
             Version -> "1.0",
             Date -> "10/29/2009",
             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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Add New Scalar Field

(************ Scalar Fields **********)
S[1] == {
     ClassName -> H,
     SelfConjugate -> True,
     Unphysical -> True,
     ...},
S[2] == {
        ...},
S[3] == {
        ...},
S[4] == {
     ClassName -> S,
     SelfConjugate -> True,
     Unphysical -> True}
}



Add New Scalar Field

(************ Scalar Fields **********)
S[1] == {
     ClassName -> H,
     SelfConjugate -> True,
     Unphysical -> True,
     ...},
S[2] == {
        ...},
S[3] == {
        ...},
S[4] == {
     ClassName -> S,
     SelfConjugate -> True,
     Unphysical -> True}
}



Add New Lagrangian Terms I

(******************** Higgs Lagrangian terms****************************)
 
...

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

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



Add New Lagrangian Terms I

(******************** Higgs Lagrangian terms****************************)
 
...

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

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



Add New Lagrangian Terms II

(*********Total SM Lagrangian*******)	  	
LSM := LGauge + LHiggs + LFermions + LYukawa  + LGhost;

LSMpS := LSM + LScalar;



Add New Lagrangian Terms II

(*********Total SM Lagrangian*******)	  	
LSM := LGauge + LHiggs + LFermions + LYukawa  + LGhost;

LSMpS := LSM + LScalar;



Add Parameters

\[Lambda] == { 
          ParameterType -> External,
          Value -> 0.2,       
          ...},
muH == {
          ...},
\[Lambda]S == {
  	     ParameterType -> External,
	     Value -> 0.2,
	     ParameterName -> lamS},
muS == {
          ParameterType -> External,
          Value -> 400},



Add Parameters

\[Lambda] == { 
          ParameterType -> External,
          Value -> 0.2,       
          ...},
muH == {
          ...},
\[Lambda]S == {
  	     ParameterType -> External,
	     Value -> 0.2,
	     ParameterName -> lamS},
muS == {
          ParameterType -> External,
          Value -> 400},



Start FeynRules

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



Start FeynRules



Load Model

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



Load Model



Get Mass Terms

GetMassTerms[LHiggs + LScalar , 
        SelectParticles -> {{H, H}, {H, S}, {S, S}} ]



Get Mass Terms



Get Masses and Eigenvectors

Eigenvalues[M2]
Eigenvectors[M2]



Get Masses and Eigenvectors



Add Masses
Copy and Paste

 muS == {
            ...},

  mh1 == {
      	 ParameterType -> Internal,
	       Value -> ...},

  mh2 == {
      	 ParameterType -> Internal,
	       Value -> ...},



Add Masses
Copy and Paste

 muS == {
            ...},

  mh1 == {
      	 ParameterType -> Internal,
	       Value -> ...},

  mh2 == {
      	 ParameterType -> Internal,
	       Value -> ...},



Add Masses
Copy and Paste



Add Rotation Parameters
Copy and Paste

  mh2 == {
      	 ...},
  sS0 == {
      	 ParameterType -> Internal,
	       Value -> ...},
  sSN == {
      	 ParameterType -> Internal,
	       Value -> Sqrt[1+sS0^2]},
  sS == {
     	      ParameterType -> Internal,
	       Value -> sS0/sSN},
  cS == {
     	      ParameterType -> Internal,
	       Value -> Sqrt[1-sS^2],
	       Definition -> Sqrt[1-sS^2]},



Add Rotation Parameters
Copy and Paste

  mh2 == {
      	 ...},
  sS0 == {
      	 ParameterType -> Internal,
	       Value -> ...},
  sSN == {
      	 ParameterType -> Internal,
	       Value -> Sqrt[1+sS0^2]},
  sS == {
     	      ParameterType -> Internal,
	       Value -> sS0/sSN},
  cS == {
     	      ParameterType -> Internal,
	       Value -> Sqrt[1-sS^2],
	       Definition -> Sqrt[1-sS^2]},



Add Rotation Parameters
Copy and Paste



Add Mass-Eigenstate Fields
S[4] == {
          ...},
S[5] == {
         ClassName -> h1,
         SelfConjugate -> True,
         Mass -> {mh1, Internal},
         Width -> wh1,
         PDG -> 6000001},
S[6] == {
         ClassName -> h2,
         SelfConjugate -> True,
         Mass -> {mh2, Internal},
         Width -> wh2,
         PDG -> 6000002}
}



Add Mass-Eigenstate Fields
S[4] == {
          ...},
S[5] == {
         ClassName -> h1,
         SelfConjugate -> True,
         Mass -> {mh1, Internal},
         Width -> wh1,
         PDG -> 6000001},
S[6] == {
         ClassName -> h2,
         SelfConjugate -> True,
         Mass -> {mh2, Internal},
         Width -> wh2,
         PDG -> 6000002}
}



Transform Fields
  S[1] == {
            ClassName -> H,

       SelfConjugate -> True,
           Unphysical -> True,

       Definitions -> {H -> - sS h1 + cS h2},
	       ...},
S[2] == {
            ...},
S[3] == {
            ...},
S[4] == {
           ClassName -> S,
           SelfConjugate -> True,
           Unphysical -> True,
           Definitions -> {S -> cS h1 + sS h2}},



Transform Fields
  S[1] == {
            ClassName -> H,

       SelfConjugate -> True,
           Unphysical -> True,

       Definitions -> {H -> - sS h1 + cS h2},
	       ...},
S[2] == {
            ...},
S[3] == {
            ...},
S[4] == {
           ClassName -> S,
           SelfConjugate -> True,
           Unphysical -> True,
           Definitions -> {S -> cS h1 + sS h2}},



Quit Mathematica Kernel



Start FeynRules



Load Model



Check Masses

CheckMassSpectrum[LHiggs + LScalar]



Check Masses



Generate Feynman Rules

FeynmanRules[LSMpS];



Generate Feynman Rules



Generate Feynman Rules



Generate Feynman Rules



Generate Feynman Rules



Generate CalcHEP Files

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



Generate CalcHEP Files



Generate CalcHEP Files



Generate MadGraph Files

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



Generate MadGraph Files



Generate MadGraph Files



Generate MadGraph Files



Download CalcHEP



Download CalcHEP

CalcHEP 
Code



Download CalcHEP

Manual



Prepare CalcHEP

Setup CalcHEP directory:
cd
mkdir  physics/CalcHEP
cp  Downloads/calchep_2.5.5.tar.gz   physics/CalcHEP/calchep_2.5.5.tar.gz

Compile CalcHEP:
cd  physics/CalcHEP
tar  xvzf   calchep_2.5.5.tar.gz
cd   calchep_2.5.5
make

Start CalcHEP:
./mkUsrDir   ../ch_2.5.5
cd   ../ch_2.5.5
./calchep  &



Import FR Model



Import FR Model



Import FR Model



Import FR Model



Import FR Model



Import FR Model



Import FR Model



Import FR Model



Import FR Model



Generate Process Code



Generate Process Code



Generate Process Code



Generate Process Code



Generate Process Code



Generate Process Code



Generate Process Code



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Generate Distribution



Done Early?

Make mh1 & mh2 the external parameters:
Set mh1 & mh2 to be external.
Set \[Lambda] and muH to be internal.
Set their values to be formulas in terms of  mh1 & mh2.

Add other allowed lagrangian terms.

Start implementing your favorite 
unimplemented model!


