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e OO (] FR-tutorial — bash — 80x24

neil@®3:tmp neil$ mkdir FR-tutorial
neil@3:tmp neil$ cd FR-tutorial
neil®3:FR-tutorial neil$ pwd
/Users/neil/physics/tmp/FR-tutorial
neil®3:FR-tutorial neils J
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e OO0 (] FR-tutorial — bash — 80x24

neil@®3:tmp neil$ mkdir FR-tutorial

neil@3:tmp neil$ cd FR-tutorial I h II b M d ID
neil®3:FR-tutorial neil$ pwd IS WI e O e Ir
/Users/neil/physics/tmp/FR-tutorial <€

neil@3:FR-tutorial neils |J in futu re Slides.
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(% Model files for Taipei FeynRules MadGraph school 2013 x)

( 000000000000000000000000000000000000000000000000000000000000000000000000000000000
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:- :--- BSM.fr All (6,0) (Fundamental)

Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr
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Preferences Help
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(orkopoiokaRkRRRHRAR KRR AR AR KKK AR AIR ARSI HR KRR IR KRR KRR KR KR KK )
(% Model files for Taipei FeynRules MadGraph school 2013 x)
(rkickkiokkokokokiokokokokkRokoRokRokoRIoRoRoRRIoRIoRIoRRIoRIoRRIORRIRIRFRRKORK )

rokRRRRRRRIORRIORRIRRIR KKK )

Save this file in
$ModelDir.

:- :--- BSM.fr All (6,0) (Fundamental)

Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr
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( )

( )

(% Model files for Taipei FeynRules MadGraph school 2013 x)

( )

(% KKK KKK KA A Kk %)

_ Model Name

( 2 )

(% New Model Isfo *)

( skooksteoksisksksRK KA AAK AR AR AR A A KK 2 )

M$ModelName = "Taipei-FR-MG-2013";

M$Information = {Authors —> {"C. Duhr", "N. Christensen"},

Version - "1.,1",

Date -> "Sept. 5, 2013",

Institutions —> {"ETH Zurich","PITT PACC"},

Emails -> {"duhrc@itp.phys.ethz.ch","neilc@pitt.edu"}
}i

(% Changes x)
(x 1.1 : Added flavor indices for new scalars. x)
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( )
( )
(% Model files for Taipei FeynRules MadGraph school 2013 x)
( )
(% <SSR KKK KA %)
Auth or List
( )
(x New Model Info %)
( skooksteoksisksksRK KA AAK AR AR AR A A KK )

M$ModelName = "Taipei-FR-MG-2013";

M$Information = {Authors —> {"C. Duhr", "N. Christensen"},

Version - "1.,1",

Date -> "Sept. 5, 2013",

Institutions —> {"ETH Zurich","PITT PACC"},

Emails -> {"duhrc@itp.phys.ethz.ch","neilc@pitt.edu"}
}i

(% Changes x)
(x 1.1 : Added flavor indices for new scalars. x)

_:-—— BSMfr Al (24,0) (Fundamental)
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( )

( )

(% Model files for Taipei FeynRules MadGraph school 2013 x)

( )

(% '

\ Version Number

( ’

(x New Model Info %)

( skeoksrsteoksksRoR KA KA KA KA ARk )

M$ModelName = "Taipei-FR-MG-2013";

M$Information = {Authors —> {"C. Da4hr", "N. Christensen"},

Version - "1.,1",

Date -> "Sept. 5, 2013",

Institutions —> {"ETH Zurich","PITT PACC"},

Emails -> {"duhrc@itp.phys.ethz.ch","neilc@pitt.edu"}
}i

(% Changes x)
(x 1.1 : Added flavor indices for new scalars. x)

_:-—— BSMfr Al (24,0) (Fundamental)
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( - - - - - - - - - - - - - - - - - - - - - - - - - - - )
(% Model files for Taipei FeynRules MadGraph school 2013 x)

( - - - - - - - - - - - - - - - - - - - - - - - - - - - )

(x New Model Info %)

M$ModelName = "Taipei-FR-MG-2013";

M$Information = {Authors —> {"C. Duhr", "N. Christensen"},

Version - "1.,1",

Date -> "Sept. 5, 2013",

Institutions —> {"ETH Zurich","PITT PACC"},

Emails -> {"duhrc@itp.phys.ethz.ch","neilc@pitt.edu"}
H

(x Changes %)
(x 1.1 : Added flavor indices for new scalars. x)

:- :--- BSM.fr All (24,0) (Fundamental)
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( )

( )

(% Model files for Taipei FeynRules MadGraph school 2013 x)

( )

(% x)

( Institutions

(% New Model Info :

( skooksteoksisksksRK KA AAK AR AR AR A A KK )

M$ModelName = "Taipei-FR-MG-2013";

M$Information = {Authors -> {"C. Duhr", "N. Christensen"},

Version - "1.,1",

Date -> "Sept. 5, 2013",

Institutions —> {"ETH Zurich","PITT PACC"},

Emails -> {"duhrc@itp.phys.ethz.ch","neilc@pitt.edu"}
}i

(% Changes x)
(x 1.1 : Added flavor indices for new scalars. x)

_:-—— BSMfr Al (24,0) (Fundamental)
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( - - - - - - - - - - - - - - - - - - - - - - - - - - - )

( - - - - - - - - - - - - - - - - - - - - - - - - - - - )

(% Model files for Taipei FeynRules MadGraph school 2013 x)

( - - - - - - - - - - - - - - - - - - - - - - - - - - - )

( skeokokskskoR KKK A A A A A A A A A A A A A AAK A A A A A A o Lostontonbanlantantontonlontantontonlont A

(x New Model Info E I

( sieokeokesksksk sk kKKK KKK K K KKK KKK KKK K KKK K KKK K Sk Sk KK KK KKK K Sk Sk KoK KKK K K Sk Sk Sk Sk koK KKK KK Mmalis

M$ModelName = "Taipei-FR-MG-2013";

M$Information = {Authors —> {"C. Duhr", "N. Christensen"},

Version - "1.,1",

Date -> "Sept. 5, 2013",

Institutions —> {"ETH Zurich","PITT PACC"},

Emails -> {"duhrc@itp.phys.ethz.ch","neilc@pitt.edu"}
H

(x Changes %)
(x 1.1 : Added flavor indices for new scalars. x)

:- :--- BSM.fr All (24,0) (Fundamental)
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( )
( )
(% Model files for Taipei FeynRules MadGraph school 2013 x)
( )
(% %)
( )
(x New Model Info %)

M$ModelName = "Taipei-FR-MG-2013";

M$Information = {Authors —> {"C. Duhr", "N. Christensen"},

Version - "1.,1",

Date -> "Sept. 5, 2013",

Institutions —> {"ETH Zurich","PITT PACC"},

Emails -> {"duhrc@itp.phys.ethz.ch","neilc@pitt.edu"}
}i

(x Changes %)
(x 1.1 : Added flavor indices for new scalars. x) <« Changes

_:-—— BSMfr Al (24,0) (Fundamental)
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M$ModeName = "Taipei-FR-MG-2013";

M$Information = {Authors —> {"C. Duhr", "N. Christensen"},
Version -> "1.1",
Date -> "Sept. 5,
Institutions —> {"ETH Zuri . .
Emails —> {"duhrc@it Field Spm SU -
}s
oy 0
(x Changes %) [J 1
(x 1.1 : Added flavor indices for new scalars
E 1
( siokokskokoRoKA KKK KA AAA KA AKAK kskskokokk )
(x New Indices / %)

4
( - - - - - - - - - - - - - - - - - e s - - - - - - - - - )

IndexRange[Index[scInd]] = Unfold[Range[2]]; 4
IndexStyle[scInd, sl;

'-:"- BSM.fr Bot (31,0) (Fundamental)
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M$ModeName = "Taipei-FR-MG-2013";

M$Information = {Authors —> {"C. Duhr", "N. Christensen"},

Version -> "1.1",

Date -> "Sept. 5,

Institutions —> {"ETH Zuri . .

Emails —> {"duhrc@it Field Spm SU -
| F

Oi 0
(x Changes %) [J 1
(x 1.1 : Added flavor indices for new scalars

( skoskosroskoskoskoskeskcskok sk sk sk sk sk sk sk sk ks sk sk sk sk sk sk sk sk sk kKKK KKK KKK KK KKK, cskskokokok )
(x New Indices / %)

IndexRange[Index[scInd]] = Unfold[Range[2]]; 4
IndexStyle[scInd, sl;

Range[2] tells FR that
this index goes from | to 2.

_:*%_ BSM.fr Bot (31,0) (Fundamental)
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M$Mode IName = "Taipei-FR-MG-2013";

Emails —> {"duhrc@it
H

(x Changes %)
(x 1.1 : Added flavor indices for new scalars

( sieskstorokskskorokskskokoksk kKKK KKK KKK KKK KKK KKk kKK K|

M$Information = {Authors -> {"C. Duhr", "N. Christensen"},
Version - "1.1",
Date -> "Sept. 5,
Institutions —> {"ETH Zuri

Field | Spin | SU

oy 0
U 1

(% New Indices

IndexRange[Index[scInd]] = Unfold[Range[2]]; ‘

IndexStyle[scInd, s];

_:**_ BSMfr  Bot(31,0) (Fundamental)

IndexStyle]...] tells FR

what symbol to use when
printing this index.
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(spickiockiokokkkkkkkRoRoRoRoR ORIk HKK )
(%
( Symbol | FR | Symbol | FR | Symbol | FR
M$Parameters = { b; phiT|i] sin o sina COS (v cosa
lambda &= { P, phiMi Mg, MphiMi I WphiMi
‘}ETmuggl U uv/uve My Muv 'y Wuv
Comp lexP~
Indices \F\ ev/ev~ | Mg Mev I's Wev
Value A; | lambdai A, L lambdapi | My;; | MassM[i,j]
Interact
}
lambdap ==
ParameterType -> External,
ComplexParameter —> False,
Indices - {I scInd]},
Value lambdap[1]->1, lambdap[2]—>1},
Interacti er —> {NP,1}
}
MassM 4= {
ParamterType -> External,
ComplexParameter —> False,
Indices -> {Index[scInd],Index[scInd]}
| }
}i
-:--- BSM.fr Bot (56,0) (Fundamental)

Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr
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(x New Parameters %)
MsParameters = { Independent
lambda == -
ParameterType -> External,
ComplexParameter —> False, Paramete 'S
Indices -> {Index[scInd]},

Value —> {lambda[1]->1, lambda
InteractionOrder —> {NP,1}

_>1}'

}
lambdap ==
ParameterType -> External,
ComplexParameter —> False,
Indices —> {Index[scInd]},
Value -> {lambdap[1]—>1, lambdap[2]->1},
InteractionOrder —> {NP,1}
}
MassM ==
ParamterType -> External,
ComplexParameter —> False,
| Indices -> {Index[scInd],Index[scInd]}
}

}i
-:1--- BSM.fr Bot (56,0) (Fundamental)
Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr
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(% New Parameters %)

M$Parameters = {
lambda == Real
ParameterType -> External,
ComplexParameter —> False, <«
Indices -> {Index[scInd]},
Value -> {lambda[1]->1, lambda[2]—>

InteractionOrder —> {NP,1}

}
lambdap ==
ParameterType -> External
ComplexParameter —> False,
Indices —> {Index[scInd]},
Value -> {lambdap[1]—>1, lambdap[2]->1},
InteractionOrder —> {NP,1}
}
MassM ==
ParamterType -> External
ComplexParameter —> False,
| Indices -> {Index[scInd],Index[scInd]}
}

}i
-:1--- BSM.fr Bot (56,0) (Fundamental)
Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr
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(% New Parameters %)

( - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & - & )

M$Parameters = {

lambda ==
ParameterType -> External, _
ComplexParameter —> False, ,Xiqbilflpﬁglb
Indices —> {Index[scInd]}, <
Value -> {lambda[1]->1, lambda[2]->1},
InteractionOrder —> {NP,1}
}
lambdap ==
ParameterType -> External, —
ComplexParameter —> False, I 1
Indices —> {Index[scInd]}, <« )\’i¢"’EPR€
Value -> {lambdap[1]->1, lambdap[2]—>1},
InteractionOrder —> {NP,1}
}
MassM ==
ParamterType -> External, 1
ComplexParameter —> False, __]k{gs..qb.qb.
| Indices —> {Index[scInd],Index[scInd]} < 9 pL] LY ]
}

}i
-:--- BSM.fr Bot (56,0) (Fundamental)
Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr
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(% New Parameters %)

M$Parameters = {

lambda ==
ParameterType -> External,
ComplexParameter —> False,
Indices —> {Index[scInd]},
Value -> {lambda[1]->1, lambda[2]->1},
InteractionOrder -> {NP,1} \ Numerical
}
lambdap ==
ParameterType -> External, \¢21ILJ€3
ComplexParameter —> False, ‘{/,/’/’
Indices —> {Index[scInd]},
Value -> {lambdap[1]->1, lambdap[2]—>1},
InteractionOrder —> {NP,1}
}
MassM ==
ParamterType -> External,
ComplexParameter —> False,
| Indices —> {Index[scInd],Index[scInd]}
}

};

-1--- BSM.fr Bot (56,0) (Fundamental)

Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr
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(% New Parameters %)

M$Parameters = {

lambda ==
ParameterType -> External,
ComplexParameter —> False,
Indices -> {Index[scInd]},
Value -> {lambda[1]->1, lambda[2]->1},
InteractionOrder —> {NP,1} <« Coupling
}
lambdap ==
ParameterType -> External, Order
ComplexParameter —> False,
Indices —> {Index[scInd]},
Value -> {lambdap[1]=>%;1ambdap[2]->1},
InteractionOrder —> {NP,1}
}
MassM ==
ParamterType -> External,
ComplexParameter —> False,
| Indices -> {Index[scInd],Index[scInd]}
}

}i
-:1--- BSM.fr Bot (56,0) (Fundamental)
Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr
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® 00 '] BSM.fr
C @ U ‘ VS : PO s ] Y s
New Open Recent Revert Print Fleld Spln SU(S)QCD SU(Z)W U(]')Y Z2
g* b 0 1 1 0 -1
( U] 3 1 2/3 | -1
M$CL Descri t'/:/E/ L L L -1 -1
assesDescription =
F[20] == e
ClassName f
SelfConjugate False,

Indices

F[21] ==
ClassName
SelfConjugate
Indices
QuantumNumbers
Mass
Width
}

S[20] ==

| ClassName

Unphysical
-:--- BSM.fr 66% (82,0) (Fundamental)

—> {Index[Colour]},
-> {Q->2/3, Y->2/3},
—> {Muv, 500},

—> {Wuv, 1}

-> ev,
-> False,

-> {}p

-> {Q—>-1, Y->-1, LeptonNumber->1},
-> {Mev, 300},

> {Wev, 1}

-> phiT,
-> True,

Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr
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New Open Recent Revert Print

L] BSM.fr ga

L) S y s by

(
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(

-:1--- BSM.fr

M$ClassesDescription = {

F[20]

F[21]

S[20]

66% (82,0)

Field | Spin SU(S)QCD SU(Q)W Ul)y | Z2 | |
1

b 0 1 0 -1
U 1 3 1 2/3 | -1
E 1 1 -1 -1

== [/

ClassName -> uv,

SelfConjugate -> False,

Indices -> {Index[Colour]},

QuantumNumbers —> {Q->2/3, Y->2/3},

Mass -> {Muv, 500},

Width -> {Wuv, 1}

}

ClassName -> ev,

SelfConjugate -—> False,

Indices -> {},

QuantumNumbers —> {Q->-1, Y->-1, LeptonNumber->1},

Mass -> {Mev, 300},

Width -> {Wev, 1}

}

ClassName -> phiT,

Unphysical -> True,

(Fundamental)

Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr
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® 00 5 BSM.fr "
C @ U ‘ 2N : Z0 e (1 2 £ .5
New Open Recent Revert Print Fleld Spln SU(S)QCD SU(Z)W U(].)Y ZQ 4
E b; 0 1 1 0 1
*
( U 1 3 1 2/3) | -1
assesDescription =
F[20] == o L
ClassName -> uv,
SelfConjugate -> False,
Indices -> {Index[Colour]},
QuantumNumbers —> {Q->2/3, Y->2/3},
Mass -> {Muv, 500},
wWidth —> {Wuv, 1}
}
F[21] ==
ClassName -> ev,
SelfConjugate -—> False,
Indices -> {},
QuantumNumbers —> {Q->-1, Y->-1, LeptonNumber->1},
Mass -> {Mev, 300},
wWidth —> {Wev, 1}
}
S[20] ==
| ClassName —> phiT,
Unphysical -> True,

-:--- BSM.fr 66% (82,0) (Fundamental)

Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr
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® OO0 L poa £ -
L ] (# v R Symbol | FR | Symbol | FR | Symbol | FR
New Open Recent Revert Print
bi phiT|[i] sin o sina, COS v cosa,
( oF hiMi Mg, MphiMi i WphiMi

(% U My Muv Iy Wuv
‘ E Mp Mev I Wey
M$ClassesDescription = { Ai /] Al lambdapi Mg MassM|i, ]|
F[20] ==
ClassName -> uv,
SelfConjugate -> False,
Indices -> {Index[Colour]},
QuantumNumbers —> {Q->2/3, Y->2/3},
Mass -> {Muv, 500},
wWidth —> {Wuv, 1}
}
F[21] ==
ClassName -> ev,
SelfConjugate -—> False,
Indices -> {},
QuantumNumbers —-> {Q->-1, Y->-1, LeptonNumber->1},
Mass -> {Mev, 300},
wWidth > {Wev, 1}
}
S[20] ==
| ClassName —> phiT,
Unphysical -> True,

-:--- BSM.fr 66% (82,0) (Fundamental)
Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr




The Implementation

® 00 L DOAM £x

UEH O v &

New Open Recent Revert Print

1

Symbol FR Symbol FR

sin o sina COS (v cosa
My; Muv 'y Wuv
Mg Mev I'g Wev
Al lambdapi | Mgy;; | MassM|i,j]

(
(x

(

M$ClassesDescription = {
F[20] ==
ClassName
SelfConjugate
Indices
QuantumNumbers
Mass
Width
}
F[21] ==
ClassName
SelfConjugate -—> False,
Indices -> {},
QuantumNumbers -> {Q->-1, Y->-1, LeptonNumber->1},
Mass -> {Mev, 300},
Width > {Wev, 1}
}
S[20] ==
| ClassName -> phiT,

Unphysical -> True,
-:--- BSM.fr 66% (82,0) (Fundamental)

Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr




The Implementation

® 00

S DCAA £

1

UEH O v &

Symbol FR Symbol FR Symbol FR
New Open Recent Revert Print
b; phiT|i] sin o sina COS (x cosa
( (I)z' phiMi My, MphiMi Y thiMi
(% U uv,/uve (ﬂﬂy Muv 'y VVuf)
( E ev/eve Mg 5M£?QV I'g Wev
M$ClassesDescription = { Ai lambdai A l apl Mi; MassM][i,j]
F[20] == i
ClassName -> uv,
SelfConjugate -> False,
Indices -> {Index[Colour]},
QuantumNumbers —> {Q->2/3, Y->2/3%,
Mass -> {Muv, 500},
wWidth —> {Wuv, 1}
H
F[21] ==
ClassName -> ev,
SelfConjugate -—> False,
Indices -> {},
QuantumNumbers —-> {Q->-1, Y->-1, LeptonNumber->1},
Mass -> {Mev, 300},
wWidth > {Wev, 1}
H
S[20] ==
| ClassName —> phiT,
Unphysical -> True,
-:--- BSM.fr 66% (82,0) (Fundamental)

Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr




The Implementation

® 00

S DCAA £

1

PO e m

Symbol FR Symbol FR Symbol FR
New Open Recent Revert Print
O; phiT|[i] sin o sina COS (v cosa
(* U U.V/U.VN Mrr MUV Frr WUV
( E ev/eve @E Mev I'g Wev)
M$ClassesDescription = { Ai lambdai Ai lambdapi /| Mg; MassM|i,]]
F[20] == //
ClassName -> uv,
SelfConjugate -> False,
Indices -> {Index[Colour]},
QuantumNumbers —> {Q->2/3, Y->2/3},
Mass -> {Muv, 500},
wWidth —> {Wuv, 1}
}
F[21] ==
ClassName -> ev,
SelfConjugate -—> False,
Indices -> {},
QuantumNumbers —> {Q->-1, Y->-1/ LeptonNumber->1},
Mass -> {Mev, 300},
wWidth —> {Wev, 1}
}
S[20] ==
| ClassName —> phiT,
Unphysical -> True,
-:--- BSM.fr 66% (82,0) (Fundamental)

Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr




The Implementation

® 00 ] BSM.fr
1B O o= e — :
New Open Recent Revert Pr(:zn{aSSName Fleld S’pin SU(S)QCD SU(Z)W U(].)Y Z2
SelfConjugat O; 0 1 1 0 -1
Indices
QuantumNumbe % 1 3 1 2/3 -1
Mass E 1 1 1 -1 -1
v A7
S[20] ==
ClassName phiT,
Unphysic True,
True,
{Index[scInd]},

S[21] ==

ClassName
SelfConjugat
Indices
FlavorIndex
ClassMembers
Mass
Width
}

}

:- :--- BSM.fr Bot (82,0) (Fundamental)

scInd

—> phiM,
e - True,
—> {Index[scInd]},
-> sclnd,
-> {phiM1, phiM2},
-> {MphiM, {MphiM1,200},{MphiM2,400}},
-> {WphiM, {WphiM1,1},{WphiM2,1}}




® 00

The Implementation

(B0 .0®

New Open Recent Revert Print

S pCAL £

2

};

i--- BSM.fr

S[20]

S[21]

Bot (82,0)

ClassName

SelfConjugate

Indices

QuantumNumber

Mass

Width

H
ClassName
Unphysical

SelfConjugate

Indices
FlavorIndex

}

ClassName

SelfConjugate

Indices
FlavorIndex
ClassMembers
Mass

Width

}

(Fundamental)

Symbol FR Symbol FR
sin o sina COS (v cosa
My; Muv 'y Wuv
Mg Mev I'g Wev
lambdai by lambdapi | Mgy;; | MassM|i,j]

-> True,

—> {Index[scInd]},

-> scInd

-> phiM,
-> True,

—> {Index[scInd]},

-> scInd,

—> {phiM1, phiM2},
—> {MphiM, {MphiM1,200},{MphiM2,400}},
—> {WphiM, {wphiM1,1},{WphiM2,1}}




® 00

The Implementation

@O .o ®

New Open Recent Revert Print

S DCAA £

1

:};

i--- BSM.fr

S[20]

S[21]

Bot (82,0)

Symbol Symbol FR Symbol FR
ClassName O; sin « sina COS « cosa
SelfConjugate D, Mg ; MphiMi I'g; WphiMi
Indices U My Muv Iy Wuv
3:‘;‘2“""“““‘“’ E Mp Mev T Wev
Width )\z )\; lambdapi M@;j MassM[i,j]
}
ClassName -> phiT,
Unphysical -> True,
SelfConjugate -—> True,
Indices —> {Index[scInd]},
FlavorIndex -> scInd
}
ClassName -> phiM,
SelfConjugate -—> True,
Indices —> {Index[scInd]},
FlavorIndex -> scInd,
ClassMembers -> {phiM1,phiM2},
Mass -> {MphiM, {MphiM1,200}, {MphiM2,400}},
Width —> {WphiM, {wphiM1,1},{WphiM2,1}}
}
(Fundamental)




® 00

The Implementation

@O .o ®

New Open Recent Revert Print

S DCAA £

1

:};

i--- BSM.fr

S[20]

S[21]

Bot (82,0)

Symbol Symbol FR Symbol FR
ClassName O; sin « sina COS « cosa
SelfConjugate D, Mg ; MphiMi I'g; WphiMi
Indices U My Muv Iy Wuv
3:‘;‘2“""“““‘“’ E Mp Mev T Wev
Width )\z )\; lambdapi M@;j MassM[i,j]
}
ClassName -> phiT,
Unphysical -> True,
SelfConjugate -—> True,
Indices —> {Index[scInd]},
FlavorIndex -> scInd
}
ClassName -> phiM,
SelfConjugate -—> True,
Indices —> {Index[scInd]},
FlavorIndex -> scInd,
ClassMembers -> {phiM1,phiM2},
Mass -> {MphiM, {MphiM1,200}, {MphiM2,400}},
Width —> {WphiM, {wphiM1,1},{WphiM2,1}}
}
(Fundamental)




® 00

The Implementation

UEH O v &

New Open Recent Revert Print

S DCAA £

1

:};

i--- BSM.fr

S[20]

S[21]

Bot (82,0)

Symbol Symbol FR Symbol FR
ClassName O; sin « sina COS « cosa
SelfConjugate D, Mg ; MphiMi I'g; WphiMi
Indices U My Muv Iy Wuv
Sgggt“""““mbe' E Mp Mev T Wev
Width i by lambdapi | Mgy;; | MassM|i,j]
}
ClassName -> phiT,
Unphysical -> True,
SelfConjugate -—> True,
Indices -> {Index[scInd]},
FlavorIndex -> scl
}
ClassName -> phiM,
SelfConjugate -—> True,
Indices —> {Index[scInd]},
FlavorIndex -> scInd,
ClassMembers -> {phiM1,phiM2},
Mass -> {MphiM, {MphiM1,200}, {MphiM2,400}},
Width —> {WphiM, {wphiM1,1},{WphiM2,1}}
}
(Fundamental)




The Implementation

® 00 L DOAM £x

1

L ] (# v R Symbol Symbol | FR__ | Symbol | FR
New Open Recent Revert Print

ClassName O; sin « sina COS « cosa

SelfConjugate D, Mg ; MphiMi I'g; WphiMi

Indices U My Muv Iy Wuv

Sgggt“""““mbe' E Mp Mev T Wev

Width i by lambdapi | Mgy;; | MassM|i,j]

}

S[20] ==

ClassName -> phiT,

Unphysical -> True,

SelfConjugate -—> True,

Indices -> {Index[s/cInd]},

FlavorIndex -> scInd

}

S[21] ==

ClassName -> phiM,

SelfConjugate -—> True,

Indices -> {Index[jcInd]},

FlavorIndex -> scInd,

ClassMembers -> {phiM1,phiM2},

Mass -> {MphiM, {MphiM1,200}, {MphiM2,400}},

Width —> {WphiM, {wphiM1,1},{WphiM2,1}}

}

}
_:-—- BSMfr  Bot(82,0) (Fundamental




® 00

The Implementation

UEH O v &

New Open Recent Revert Print

S DCAA £

1

:};

i--- BSM.fr

S[20]

S[21]

Bot (82,0)

Symbol FR Symbol FR Symbol FR
ClassName O; phiT|i] sin o sina COS (v cosa
SelfConjugate D, phiMi Mg ; MphiMi I'g; WphiMi
Indices U uv/u My Muv 'y Wuv
agzgtumNumber B ev/e Mo Mev I Wou
Width Y lambdai by lambdapi | Mgy;; | MassM|i,j]
}, [/
ClassName -> phiT,
Unphysical -> True,
SelfConjugate -—> True,
Indices -> {Index[sclnd]},
FlavorIndex -> scInd
}
ClassName -> phiM,
SelfConjugate -—> True,
Indices —> {Index[scInd]},
FlavorIndex -> scInd,
ClassMembers -> {phiM1,phiM2},
Mass -> {MphiM, {MphiM1,200}, {MphiM2,400}},
Width —> {WphiM, {WphiM1,1}, {WphiM2,1}}
}
(Fundamental)




The Implementation

® 00 L DOAM £x

1

C] @ v R Symbol FR Symbol Symbol FR
New Open Recent Revert Print

ClassName O; phiT|[i] sin o COS (v cosa

SelfConjugate D, phiMi Mg ; I'g; WphiMi

Indices U uv/uve My 'y Wuv

agzgtumNumber B ev/eva Mo I Wov

Width )\z lambdai )\; M@;j MassM[i,j]

}

S[20] ==

ClassName -> phiT,

Unphysical -> True,

SelfConjugate -—> True,

Indices —> {Index[scInd]},

FlavorIndex -> scInd

}

S[21] ==

ClassName -> phiM,

SelfConjugate -—> True,

Indices —> {Index[scInd]},

FlavorIndex -> scInd,

ClassMembers -> {phiM1,phiM2},

Mass -> {MphiM, {MphiM1,200}, {MphiM2,400}},

Width —> {WphiM, {WphiM1,1}, {WphiM2,1}}

}

}
_:-—- BSMfr  Bot(82,0) (Fundamental




The Implementation

6 O O S5 _DCAA £ pa|
L ] (# v R Symbol | FR | Symbol | FR | Symbol | FR
New Open Recent Revert Print : : : :

ClassName oy phiT[j] S ¢ Slla

SelfConjugate D, phiMi Me; MphiMi

Indices U uv/uve My Muv

agggtumNumber B ev/evn Mg Mev

Width Y lambdai by lambdapi

}

S[20] ==

ClassName -> phiT,

Unphysical -> True,

SelfConjugate -—> True,

Indices —> {Index[scInd]},

FlavorIndex -> scInd

}

S[21] ==

ClassName -> phiM,

SelfConjugate -—> True,

Indices —> {Index[scInd]},

FlavorIndex -> scInd,

ClassMembers -> {phiM1,phiM2},

Mass -> {MphiM, {MphiM1,200}, {MphiM2,400}},

Width —> {WphiM, {wphiM1,1},{WphiM2,1}}

}

}
_:-—- BSMfr  Bot(82,0) (Fundamental




The Implementation

e O O BSM.fr v

L H O o = 0w O W VN 7.

New Open Recent Reve Preferences Help

qu — 3 u¢zau¢z — _M¢23¢z¢j

}.

’

( 000000000000000000000000000000000 S SR S A SR S SR S S SR S S S S S S S S S S S S S S S A A S A A K> B S SR SR S S S S S S S S S S A S )
(% New Lagrangian %)
(skokokokokoRRRAR A AAAAAAK A cheoskskorRRoKKRRKAK KKK KKK KKK kKK KoKk kKooK KRk Kok sk kKKK KKK )

Lsq = 1/2 del[phiT[ii],mu] dellphiT[ii]l,mu] - 1/2 phiT[ii] MassM[ii,jj] phiT[jjl;

I uvbar.Ga[mu].DC[uv,mu] - Muv uvbar.uv + I evbar.Gal[mu].DC[ev,mu] - Mev evbar.ev;

—

-y
L0
I

Lyuk = lambda[ii]l phiT[ii] uvbar.ProjP.u + lambdap[ii] phiT[ii] evbar.ProjP.e;

Lnew = Lsq + Lfq + Lyuk + HC[Lyuk];

'-:"- BSM.fr Bot(111,0) (Fundamental)




The Implementation

® OO0 BSM.fr

L O o = 0w O W

izl
[ 4

VN 7

New Open Recent

L, =iUDPU — MyUU + iEDE — MpEE
!

’references Help

}.

’

(skokokorokokokoRRRR KRR AR K KRR KRR KRR K KRR KRR KRR A A KKK )
.

(% New Lagrangian %)

(skokororrokokokoRRRR KRR AR AA A AK okskskskkKRKRKRokskskskskktbkkskskokskskskskokkak kKK skskskkokoks )

Lsq = 1/2 del[phiT[if],mu] dellphiT[iil,mu] - 1/2 phiT[ii] MassM[ii,jj] phiT[jj]

—

-y
o]
I

Lyuk = lambda[ii]l phiT[ii] uvbar.ProjP.u + lambdap[ii] phiT[ii] evbar.ProjP.e;

Lnew = Lsq + Lfq + Lyuk + HC[Lyuk];

_i*%_ BSM.fr Bot (111,0) (Fundamental)

I uvbar.Ga[mu].DC[uv,mu] - Muv uvbar.uv + I evbar.Gal[mu].DC[ev,mu] - Mev evbar.ev;




T'he Implementation

e O O BSM.fr »

L H O o = 0w O W VN 7.

New Open Recent Preferences Help

»Cyuk — >\Z¢ZUPRU -+ )\2¢2E_'PR€ + h.c.

}.

’

(skokokorrokk AR AAA KA A AAAAAAAAA A AAAAAAAAA A AAAAAAAAA A AAAA K )
(% ew Lagrangian %)
(skokokorrokkoRoRRRR AR AAA KA AAAAAAAAAAKAAA A AAAA A A A AAAAAAAAAAAAAAAK )

Lsq = 1/2 del[phiT[ii],mu] deV[phiT[ii]l,mu] - 1/2 phiT[ii] MassM[ii,jj] phiT[jjl;

I uvbar.Ga[mu].DC[uv,nfu]l] - Muv uvbar.uv + I evbar.Gal[mu].DC[ev,mu] - Mev evbar.ev;

—

-y
L0
I

Lyuk = lambda[ii]l phiT[ii] uvbar.ProjP.u + lambdap[ii] phiT[ii] evbar.ProjP.e;

Lnew = Lsq + Lfq + Lyuk + HC[Lyuk];

_ixx_ BSM.fr Bot (111,0) (Fundamental)




T'he Implementation

e O O BSM.fr »

L H O o = 0w O W VN 7.

New Open Recent Preferences Help

»Cyuk — >\Z¢ZUPRU -+ )\2¢2E_'PR€ + h.c.

}.

’

(skokokororokkoRRRRR AR AAA A AAAAAAAAAAKAAA A AAAA A AT A AAAAAAAAAAAAAAAK )
(% New Lagrangian %)
(skokokorrkk AR AAA A AAAAAAAAAAAAAAAKAAA AT AA A AAAAKAAAAAAAAAAAAAAAK )

Lsq = 1/2 del[phiT[ii],mu] dellphiT[ii]l,mu] - 1/2°phiT[ii] MassM[ii,jj] phiT[jjl;

I uvbar.Ga[mu].DC[uv,mu] - Muv uvbar<lv + I evbar.Gal[mu].DC[ev,mu] - Mev evbar.ev;

—

-y
L0
I

Lyuk = lambda[ii]l phiT[ii] uvbar.PrejP.u + lambdap[ii] phiT[ii] evbar.ProjP.e;

Lnew = Lsq + Lfq + Lyuk + HC[Lyuk];

_ixx_ BSM.fr Bot (111,0) (Fundamental)




Run FeynRules

RS S T 1 T W TR U L N o]
neil@®3:FR-tutorial neil$ 1s
BSM. fr FeynRules-development.tgz

neil®3:FR-tutorial neil$ tar xvzf FeynRules-development.tgz I




Run FeynRules

.8 0 O (] FR-tutorial — bash — 80x24

KX XXX XXX XXX XXX XXX XX XX

X

feynrules-development/Core/.svn/prop-base/OutputRoutines.m.svn-base
feynrules-development/Core/.svn/prop-base/VertexRoutine.m.svn-base
feynrules-development/.svn/all-wcprops
feynrules-development/.svn/dir-prop-base
feynrules-development/.svn/entries
feynrules-development/.svn/prop-base/
feynrules—-development/.svn/props/
feynrules-development/.svn/text-base/
feynrules-development/.svn/tmp/
feynrules-development/.svn/tmp/prop-base/
feynrules-development/.svn/tmp/props/
feynrules-development/.svn/tmp/text-base/
feynrules-development/.svn/text-base/commit.py.svn-base
feynrules-development/.svn/text-base/FeynRules.m.svn-base
feynrules-development/.svn/text-base/FeynRulesPackage.m.svn-base
feynrules-development/.svn/text-base/FeynRulesParallel.m.svn-base
feynrules-development/.svn/text-base/FRPalette.nb.svn-base
feynrules-development/.svn/text-base/package.py.svn-base
feynrules-development/.svn/text-base/ToolBox.m.svn-base
feynrules-development/.svn/text-base/UpdateNotes. txt.svn-base
feynrules-development/.svn/prop-base/commit.py.svn-base
feynrules-development/.svn/prop-base/FeynRulesPackage.m.svn-base

neil@3:FR-tutorial neil$ 1s
BSM. fr FeynRules-development.tgz feynrules-development




Run Feyn Rules

Inf25)= Quit([]

v Load FeynRules

vin(1}= $FeynRulesPath = "~/physics/tmp/FR-tutorial/feynrules-development"; <€
SetDirectory[$FeynRulesPath];
<< FeynRules " ;

— FeynRules —

FeynRules
Location

Version: 1.7.214 (21 August 2013).
Authors: A. Alloul, N. Christensen, C. Degrande, C. Duhr, B. Fuks

Please cite: Comput.Phys.Commun.180:1614—-1641 2009 (arXiv:0806.4194).
http://feynrules phys.ucl .ac .be

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

LaunchKernels::nodef : Some subkernels are already running. Not launching default kernels again. =»

0d 0d ud ud ud od od o

A L




Run Feyn Rules

, __' SSYeNTI m e s i s yevges e e e 8 s . evyey SRVER m s e ‘ u tl - s
Inf25]= Quit[]

v Load FeynRules

vin[1= $FeynRulesPath = "~/physics/tmp/FR-tutorial/feynrules-development”; L d
SetDirectory[$FeynRulesPath]; O a
<< FeynRules"; <«

-t FeynRul
- EYNRuies
Version: 1.7.214 (21 August 2013).

Authors: A. Alloul, N. Christensen, C. Degrande, C. Duhr, B. Fuks

Please cite: Comput.Phys.Commun.180:1614—-1641 2009 (arXiv:0806.4194).
http://feynrules phys.ucl .ac .be

0d 0d ud ud ud od od o

=g L

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

LaunchKernels::nodef : Some subkernels are already running. Not launching default kernels again. =»




Run FeynRules

Inf25]= Quit[]

» Load FeynRules
v Load Model M Odel

Vini4:= $ModelDir = "~/physics/tmp/FR-tutorial”; <€ .
SetDirecto SModelDir]; L
LoadModel [::o[mulospat]:h <> "/Models/SM/SM.£fxr", "BSM.fr"] O C atl O n
Merging model—files...
This model implementation was created by
C. Duhr
N. Christensen

Model Version: 1.1
For more information, type ModelInformation([].

— Loading particle classes.
— Loading gauge group classes.

— Loading parameter classes.

3
3
3
3
3
3
3
3
3
3

Model Taipei—FR-MG-2013 loaded.

L




Run FeynRules

Inf25]= Quit[]

» Load FeynRules
v Load Model

¥in[4}= $ModelDir = "~/physics/tmp/FR-tutorial”;
SetDirectory[$ModelDir];
LoadModel [$FeynRulesPath <> " /Models/SM/SM.£xr", "BSM.£r"] <€
Merging model—files...
This model implementation was created by
C. Duhr
N. Christensen
Model Version: 1.1
For more information, type ModelInformation([].

— Loading particle classes.
— Loading gauge group classes.

— Loading parameter classes.

3
3
3
3
3
3
3
3
3
3

Model Taipei—FR-MG-2013 loaded.

L




Run FeynRules

Inf25]= Quit[]

» Load FeynRules
v Load Model

Vini4= $ModelDir = "~/physics/tmp/FR-tutorial”; If YO U h ave P o b I ems at 1]

SetDirectory[$ModelDir];
LoadModel [$FeynRulesPath <> " /Models/SM/SM.£xr", "BSM.fr"]

B——— this stage, comment

This model implementation was created by

. out lines of BSM.fr

N. Christensen

ro(:'d jo:,eezsnit":)nr:n:tlion,type ModelInformation[]. u nti I yo u ﬁ n d th e

Ud Ud Ud U O g g g
J L

E—— problem and fix it.

— Loading gauge group classes.

— Loading parameter classes.

Model Taipei—FR-MG-2013 loaded.




Run Feyn Rules

8 O 0 — — "+ BSM

Inf25]= Quit[]
» Load FeynRules
» Load Model

v Check Hermiticity C h eC I(

vin[7}= CheckHermiticity[Lnew] <€

Checking for hermiticity by calcula¥ng the Feynman rules contained in L-HC[L]. H e rm i ti C i ty

If the lagrangian is hermitian, then th\number of vertices should be zero.

Starting Feynman rule calculation.
Expanding the Lagrangian...

Collecting the different structures that enter the
9 possible non—zero vertices have been found -
0 vertices obtained.

97
3
3
3
3
3
3
3.

The lagrangian is hermitian.
ouf7l= {}

Cc & G ‘
— 1/2 del[phiT[ii],mu] del[phiT[ii]

I uvbar.Ga[mu].DC[uv,mu] - Muv uv
= lambda[ii] phiT[ii] uvbar.ProjP.

Lsq + Lfq + Lyuk + HC[Lyuk];




Run Feyn Rules

8 O 0 — — "+ BSM

Inf25]= Quit[]
» Load FeynRules
» Load Model

v Check Hermiticity C h eC I(

vin[7}= CheckHermiticity[Lnew] <€

Checking for hermiticity by calcula¥ng the Feynman rules contained in L-HC[L]. H e rm i ti C i ty

If the lagrangian is hermitian, then th\number of vertices should be zero.

Starting Feynman rule calculation.
Expanding the Lagrangian...

Collecting the different structures that enter the
9 possible non—zero vertices have been found -
0 vertices obtained.

97
3
3
3
3
3
3
3.

The lagrangian is hermitian.
ouf7l= {}

Cc & G ‘
— 1/2 del[phiT[ii],mu] del[phiT[ii]

I uvbar.Ga[mu].DC[uv,mu] - Muv uv
= lambda[ii] phiT[ii] uvbar.ProjP.

Lsq + Lfq + Lyuk + HC[Lyuk];




Inf25]= Quit[]

» Load FeynRules
» Load Model
» Check Hermiticity

v Calculate the new Feynman rules

Run FeynRules

Vingl= verts = FeynmanRules [Lnew, ScreenOutput - False] <€

Starting Feynman rule calculation.

Expanding the Lagrangian...
Collecting the different structures that enter the vertex.
9 possible non—zero vertices have been found —> starting the computation: 9 / 9.

QN:NonConserv : Warning: non quantum number conserving vertex encountered!
Quantum number Y not conserved in vertex {l_l, uv, phiT}.
QN::NonConserv : Warning: non quantum number conserving vertex encountered!
Quantum number Y not conserved in vertex {5, ev, phi'l‘}.

QN:NonConserv : Warning: non quantum number conserving vertex encountered!

General::stop : Further output of QN::NonConserv will be suppressed during this calculation. »

Quantum number Y not conserved in vertex {u-v, u, phiT}.

Quantum number Y not conserved in vertex {e_v, e, phiT}.

9 vertices obtained.

ev 1
[ ‘ev 2] —ieYs)s,

A 1

Calculate New
Feynman Rules




Run FeynRules

® 00
Inf25]= Quit[]

» Load FeynRules
» Load Model

Warning about

» Check Hermiticity

v Calculate the new Feynman rules POSSi b I € Nnon-
Vingl= verts = FeynmanRules [Lnew, ScreenOutput - False] C O n S e rvati O n .

Starting Feynman rule calculation.

Expanding the Lagrangian... B t t h
Collecting the different structures that enter the vertex. u 9 e S e
9 possible non—zero vertices have been found —> starting the computation: 9 / 9.

QN:NonConserv : Warning: non quantum number conserving vertex encountered! ve rti C e S a re O I(.

Quantum number Y not conserved in vertex {l_l, uv, phiT}.

QN::NonConserv : Warning: non quantum number conserving vertex encountered!

Quantum number Y not conserved in vertex {5, ev, phi'l‘}.

QN:NonConserv : Warning: non quantum number conserving vertex encountered!

General::stop : Further output of QN::NonConserv will be suppressed during this calculation. »

Quantum number ¥ not conserved in vertex {u-v, u, phiT}.

Quantum number Y not conserved in vertex {e—v, e, phiT}.

9 vertices obtained.

ev 1
l (ev 2] —ieYs)s,

A 1




9 vertices obtained.

(

(ev 1)
ev 2
(A 3 )
(uv 1)
uv 2
(A 3

{ = 1}

Run FeynRules

“'374'13—‘2
g-ie)/s?.sz Om; my
2§06y m, lambda,, P_;, ,
2ilambdap, P_,, ,,
2idy, m, lambda,; P,y 5,
2ilambdap,, Py, s,

¥ 7/3‘13-‘2 7:’31 ]

. H3
Pe3y ¥s] 59

o

2iesy s g by amy

3¢

These are the
vertices FR
warned us

about.




9 vertices obtained.

((ev 1)
ev 2
LA 3

(uv 1)
uv 2

LA 3

“'374'13—‘2
g-ie)/s?.sz Om; my
2§06y m, lambda,, P_;, ,
2ilambdap, P_,, ,,
2idy, m, lambda,; P,y 5,
2ilambdap,, Py, s,

I 7/;13-‘2 7:'31 amy

. H3
€8, 7:1 _12

o

2ies,,.7/;l3,2 6,,,,,,,2

3¢

Run FeynRules

Note that there
IS 2 projection
operator: Pr.




Run FeynRules

9 vertices obtained.

(

(ev 1)

~ieW)s,
;ie%?-‘z 6"’1 am
2idy, m, lambda,, P, 5,
2i¢lambdap,, P_;, 5,
2idy, m, lambda,; P,y 5,
2¢lambdap,, P.;, s,

igs )/3‘13—‘2 7:’31 m

. H3
Pe3y ¥s] 59

o

2iesy 7/;13;2 6m] arn

3¢

Only er and ur
are involved.
These vertices
do conserveY.




Run Feyn Rules

AP S— —— > BSM

—iehTs,

2. 3
;‘97/9‘132 Oy o

2'-6“,1 am ]amt)dag3 P—S] a2

2 ilambdap,,,3 P s

20y, m, lambda,, P.,

2 ilambdap,3 P+sl a2

£8s 74?32 7:‘31“’2

. H3
Pe3y ¥s] 59

o

2iesy 7/;13,2 8m) my

3¢y




W00

Run Feyn Rules

+ BSM

9 vertices obtained.

(

(ev 1)
ev 2
LA 3
(uv 1)
uv 2

LA 3

—iehTs,
% "97/9‘1332 Oumy amy
2idm; m, lambda,, P_, 5,
2 ilambdap,,,3 P s

280y, m, lambda,, P.,, 5,

2 ilambdap,3 P+sl a2

£8s 74?32 7:‘31“’2

. H3
Pe3y ¥s] 59

o

2iesy 7/;13,2 8m) my

3¢y




9 vertices obtained.

(

(ev 1)
ev 2
LA 3
(uv 1)
uv 2

LA 3

Run Fen Rules

—iehTs,
; "97/9‘13-‘2 Ouny amp
2idm; m, lambda,, P_, 5,
2 ilzunbdap,,,3 P s

2 ilambdap,3 P+sl a2

£8s 7/;?32 7:‘31-“’2

2o A by

3¢




Run FeynRules

+ BSM

18O D e e s e BN e s e e e e —————

9 vertices obtained.

[ (ev 1)
ev 2
tA 3)

(uv 1)

2'-6“,1 am ]amt)dag3 P—S] a2

2 ilambdap,,,3 P s

)\ngZUPRu + )\,/L¢ZEP36 + h.c.

20y, m, lambda,, P.,

2 ilaml:)dap33 Pig)sr

. H3
€8, 7‘5] ,12

o

2iesy 7/;13,2 6,,,] s

3¢y




Inf25]= Quit[]

» Load FeynRules

» Load Model

» Check Hermiticity

» Calculate the new Feynman rules

v Mass Matrix Diagonalization

ving}= GetMassTerms [Lsq] <

Run FeynRules

Neglecting all terms with more than 2 particles.

1 1 1 1
Out[g)= —2-phiT,2 MassMi ; — - phiT; phiT, MassM, » — - phiT, phiT; MassMy; - - phiT,* MassM, ,

simplify (v scind derivative ~ scind integral  inverse function = = & @ [E

Get Mass Terms




Run Fen Rules

In[25]:= Qui
» Load FeynRules
» Load Model

» Check Hermiticity SOIVe the
» Calculate the new Feynman rules Eigensystem

v Mass Matrix Diagonalization

ving= GetMassTerms [Lsq]
Neglecting all terms with more than 2 particles.

1 1 1
Out[g)= =5 phiT, ? MassM, ; — 5 phiT, phiT; MassM 5 phiT, phiT, MassM; ; — 3 phi'I'z2 MassM; »

vin[10)= sols = Simplify[Eigensystem[{{MassM[1l, 1], MassM[1, 2]}, {MassM[1l, 2], MassM[2, 2]}}]]

;-(MassM,,, + MassMy; — y/ MassM; ;2 — 2 MassM, MassM ; +4 MassM, 2 + MassM; , ) ;—(MassM” + MassMy 5 + / MassM; ;> — 2 MassM; , MassM

~MassM | | +MassMp 2+ J MassM ) 1 2 -2 MassMp 2 MassM ] | +4 MassM | 22 +MassMp 22 MassM | | -MassMp 2+ J MassM 1 2 -2 MassMp 2 MassM ] 1 <4 M

- ) {
{ 2 MassM | 5 ’ 2 MassM 5

Assuming a ragged array | Use as a J/ist of pairs instead

sublengths flatten (O = =




6 00

Run Feln Rules

» Calculate the new Feynman rules

v Mass Matrix Diagonalization

vinel= GetMassTerms [Lsq] M h i M I
Neglecting all terms with more than 2 particles. P

1 1 1 1
Out[g]= =3 phiT, ? MassM, ; — 5 phiT, phiT; MassM,; , — 5 phiT, phiT; MassM;; — 3 phi'I‘z2 MassM; »

vin[10]= sols = Simplify[Eigensystem[{{MassM[1, 1], MassM[1, 2]}, { M[1, 2], MassM[2, 2]}}]]

9
;—[Masle 1 +MassM;, - \/ MassM; 2 — 2 MassM, 2 MassM, ; +4 Mas<M, 22 + MassM, 22 ) ;—(Masle 1 +MassM;, + \/ MassM; 2 — 2 MassM, 2 MassM

Out[10)=
(10} { ~MassM| | +MassMj 5+ J MassM 12 -2 MassMp 5 MassM 1 3#8TassM ) 22 +MassMp 22 MassM | | -MassMa 2+ \/ MassM 1 2-2 MassMp 5 MassM| 1 +4 M

) {
2 MassM 5 ’ 2 MassM 5

1
¥in[11):= Sinplify[801vo[{sols[ [1, 1]] = Mph:i.)u.2 , sols[[1, 2]] == thi)ﬂz,

r.sina},
\/sols[[2, 1, 1]]2+1

{MassM[1, 1], MassM[1, 2], MassM[2, 2]}]]

outiil= {{MassM; ; - MphiM2? sina® ~ MphiM1? (sina® ~ 1), MassM, ; - ~isina \ sina ~ 1 (MphiM1® ~ MphiM2?),
MassM, , - MphiM1® sina” — MphiM2* (sina” - 1)}, {Masst — MphiM2” sina® — MphiM1? (sina® - 1),
MassM, ; — isina \J sina® — 1 (MphiMl2 - MphiM22), MassM;, - MphiMl2 sina® — MphiM22 [sina2 - 1)}}

Assuming a list of rules | Use as a two-dimensional array instead

apply rules toexpr... apply rules to variables convert rules to equations convert rules to lists (e E E




6 00

Run Feln Rules

» Calculate the new Feynman rules

v Mass Matrix Diagonalization

vinel= GetMassTerms [Lsq] M h i M 2
Neglecting all terms with more than 2 particles. P

1 1 1 1
Out[g]= =3 phiT, ? MassM, ; — 5 phiT, phiT; MassM,; , — 5 phiT, phiT; MassM;; — 3 phi'I‘z2 MassM; »

vin(10]= sols = Simplify[Eigensystem[{{MassM[1, 1], MassM[1, 2]}, {MassM[1, , MassM[2, 2]}}]]

9
;—[Masle 1 +MassM;, - \/ MassM; 2 — 2 MassM, 2 MassM, ; +4 MassM, 22 + MassM, 22 ) ;—(Masle 1 +MassM;, + \/ MassM; 2 — 2 MassM, 2 MassM

~MassM| | +MassMj 5+ J MassM| 1 2-2 MassMp 5 MassM | +4 MassMj 22 +MassMp 22 MassM | | -MassMa 2+ \/ MassM 1 2-2 MassMp 5 MassM| 1 +4 M

- ) {
{ 2 MassM | 5 / ! 2 MassM | 5

1
¥in[11):= Sinplify[801vo[{sols[ [1, 1]] = Mph:i.)u.2 , sols[[1, 2]] == thi)ﬂz,

r.sina},
\/sols[[2, 1, 1]]2+1

{MassM[1, 1], MassM[1, 2], MassM[2, 2]}]]

outiil= {{MassM; ; - MphiM2? sina® ~ MphiM1? (sina® ~ 1), MassM, ; - ~isina \ sina ~ 1 (MphiM1® ~ MphiM2?),

MassM, , - MphiM1® sina” — MphiM2* (sina” - 1)}, {Masst — MphiM2” sina® — MphiM1? (sina® - 1),

MassM, ; — isina \J sina® — 1 (MphiMl2 - MphiM22), MassM;, - MphiMl2 sina® — MphiM22 [sina2 - 1)}}

Assuming a list of rules | Use as a two-dimensional array instead

apply rules toexpr... apply rules to variables convert rules to equations convert rules to lists (e E E




6 00

Run Feln Rules

» Calculate the new Feynman rules

v Mass Matrix Diagonalization

vin[g= GetMassTerms [Lsq]
Neglecting all terms with more than 2 particles.

1 1 1 1
Out[g]= =3 phiT, ? MassM, ; — 5 phiT, phiT; MassM,; , — 5 phiT, phiT; MassM;; — 3 phi'I‘z2 MassM; »

vin(10]= sols = Simplify[Eigensystem[{{MassM[1, 1], MassM[1, 2]}, {MassM[1l, 2], MassM[2, 2]}}]

9
;—[Masle 1 +MassM;, - \/ MassM; 2 — 2 MassM, 2 MassM, ; +4 MassM, 22 + MassM, 22 ) ;—(Masle 1 +MassMs 5 + \/ MassM; 2 — 2 MassM, 2 MassM

Out[10]=

~MassM | | +MassMa 2+ JMassM 1.1 2.5 MassMa o MassM | | =4 MassM _22 o:MassMggz MassM ) | —MassMa 2 o:JMassM 1.1 2.5 MassMa o MassM ) 1 =4 M

- ) {
{ 2 MassM 5 ’ 2 MassM 5

1
¥in[11):= Sinplify[801vo[{sols[ [1, 1]] = Mph:i.)u.2 , sols[[1, 2]] == thi)ﬂz,

r.sina},
\/sols[[2, 1, 1]]2+1

{MassM[1, 1], MassM[1, 2], MassM[2, 2]}]]

outiil= {{MassM; ; - MphiM2? sina® ~ MphiM1? (sina® ~ 1), MassM, ; - ~isina \ sina ~ 1 (MphiM1® ~ MphiM2?),
MassM, , - MphiM1® sina” — MphiM2* (sina” - 1)}, {Masst — MphiM2” sina® — MphiM1? (sina® - 1),
MassM, ; — isina \J sina® — 1 (MphiMl2 - MphiM22), MassM;, - MphiMl2 sina® — MphiM22 [sina2 - 1)}}

Assuming a list of rules | Use as a two-dimensional array instead

apply rules toexpr... apply rules to variables convert rules to equations convert rules to lists (e E E




» Calculate the new Feynman rules

v Mass Matrix Diagonalization

Vingl= GetMassTerms [Lsq] S O Ive fo r
Nelglecting all terms with nl)ore than 2 particles. 1 1 M a S S M

Outfg]= -2-phrr,2 MassMi ; — - phiT; phiT, MassM, » — - phiT; phiT; MassMy; — - phiT,* MassM, ,

vin(10]= sols = Simplify[Eigensystem[{{MassM[1, 1], MassM[1, 2]}, {MassM[1, , MassM[2, 2]}}]]

g
;—(Masle 1 +MassM;, - \/ MassM; 2 _ 2 MassM» 2 MassM, ; +4 MassM, 22 - sM, 22 ) ;—(Masle 1 +MassM;, + \/ MassM; ; 2 _ 2 MassM» 2 MassM

Out[10]=

{ ~MassM| | +MassMj 5+ J MassM | 2 -2 MassMp 5 MassM | | +4 MassM | 52 2 MassM | | -MassMa 2+ \/ MassM 1 2-2 MassMp 5 MassM| 1 +4 M

2 MassM | 5 { 2 MassM | 5

1
¥in[11):= Sinplify[SOIVQ[{sols[[l, 1]] == 12, sols[[1, 2]] =Mphm22,

=sina},
\/sols[[2, 1, 1]]2+1

{MassM[1, 1], MassM[1, 2], MassM[2, 2]}]]

out[t1]= {{MassM,_l - MphiM2? sina® — MphiM1? (sina® — 1), MassM, » — —isina y sina® — 1 (MphiM1® — MphiM2?),
MassM, , - MphiM1® sina” — MphiM2* (sina” - 1)}, {Masst — MphiM2” sina® — MphiM1? (sina® - 1),
MassM, ; — isina \J sina® — 1 (MphiMl2 - MphiM22), MassM;, - MphiMl2 sina® — MphiMZ2 [sina2 - 1)}}

Assuming a list of rules | Use as a two-dimensional array instead

apply rules toexpr... apply rules to variables convert rules to equations convert rules to lists e 9 E




Run FeynRules

» Calculate the new Feynman rules

v Mass Matrix Diagonalization

7ot~ GetMassTorms [Leg) Trig ldentities

Neglecting all terms with more than 2 particles.

1 1 1 1
Out[g]= =3 phiT, ? MassM, ; — 5 phiT, phiT; MassM,; , — 5 phiT, phiT; MassM;; — 3 phi'I‘z2 MassM; »

vin(10]= sols = Simplify[Eigensystem[{{MassM[1, 1], MassM[1, 2]}, {MassM[1l, 2], MassM[2, 2]})1]]

9
;—[Masle 1 +MassM;, - \/ MassM; 2 — 2 MassM, 2 MassM, ; +4 MassM, 22 + MassM, 22 ) ;—(Masle 1 +MiassM, 5 + \/ MassM; 2 — 2 MassM, 2 MassM

My 1 —MassMa 2 o:JMassM 1.1 25 MassMa o MassM ) 1 =4 M

Out[10]= 2 2 2
~MassM| | +MassMp 2+ [ MassM] 122 MassM3 5 MassM | +4 MassM | 22 +MassM; 5 2 N
1)
,

{- 2 MassM | 5 2 MassM | 5
vin[12)= sols2 =
s:i.npl.ify[
1

\/sozl[[z, 1, 111241

{MassM[1l, 1], MassM[1, 2], MassM[2, 2]}]] /. {V sina’ -1 - Icosa, sina’ -1 -cosaz}];
sols2 // TableForm

Qut[13)//1 ableForm=

MassM, ; — cosa® MphiM1? + MphiM2? sina® MassM, » — cosasina (MphiMl2 - MphiM22) MassM; ; — cosa® MphiM2? + MphiM1? sina®
MassM, ; — cosa® MphiM1? + MphiM2? sina® MassM, ; = —cosasina (MphiMl2 - MphiM22) MassM, » — cosa® MphiM2? + MphiM1? sina®

= sina},

Sinpl.ify[801ve [{sols[ [1, 1]] = Mph:i.)u.2 , sols[[1, 2]] == thi)ﬂz ’

Assuming a list of rules | Use as a two-dimensional array instead

apply rules toexpr... apply rules to variables convert rules to equations convert rules to lists (e e E




Run FeynRules

® OO * BSM

Bl il A e B A i e PN s el S A Bl e e e s e e TN el i i, Al o e Bl e BN s ol el i N s il .».._..

ving= GetMassTerms [Lsq])

Neglecting all terms with more than 2 particles.

)

]

1 1 1 1 .

Out[g)= —2—phiT,2 MassMi ; — - phiT; phiT, MassM, » — - phiT, phiT; MassMy; - - phiT,* MassM, , We wa nt th c 1
)

R

2Nnd solutlon

vin[10}= sols = Simplify[Eigensystem|[{{MassM[1l, 1], MassM[1, 2]}, {MassM[1l, 2],

;— (MassM, 1 +MassM;, - J MassM, ;2 — 2 MassM; » MassM, ; + 4 MassM,; »° + MassM, 5 ) ;_ (

Out[10]= s 2 2
—MassM | | =MassMo 2+ [ MassM | © -2 MassMa 2 MassM | | +4 MassM | 2 “+=MassMp 2 “

l h’“‘l ll.l l h“‘l l-] ..] J! h“‘! ll .l 2 ! h“‘! I-: .-: l h“! 'l.l ‘ l
{ S ! 1}

2 Masle 2

Yin[12)= sols2 =
Sinplify[

1
[1, 2]] = MphiM2?, - sina},

\/sols[[2, 1, 1]]%+1

sM[2, 2]}]] /. {V sina’ -1 - I cosa, sina’ -l-o-cosaz}];

sinplify[SOI\re[{sols[ [1, 1]] = MphiM1?, so

{MassM[1, 1], MassM[1, 2],
sols2 // TableForm

Qut| 13}/ ableForm=
MassM, ; — cosa® MphiM1? MassM, ; — cosasina (MphiMl2 - MphiMZz) MassM, » — cosa® MphiM2? + MphiM1? sina®

MassM, ; — cosa® Mphid1? + MphiM2? sina> ~ MassM, ; — —cosasina (MphiM1? — MphiM2?) ~ MassM,, - cosa’ MphiM2? + MphiM1? sina’

vin[14)= sols2[[2]]

Out| 14)/inputForm=
{MassM[1l, 1] -> cosa"2*MphiM1”2 + MphiM2"2*sina”2, MassM[l, 2] -> -(cosa*(MphiM1"2 - MphiM2"2)*sina),
MassM[2, 2] -> cosa”2*MphiM2”2 + MphiM1”"2*sina”2}

/ InputForm Y]




Run Feyn Rules

B T IR 7 D e —
ving)= GetMassTerms [Lsq] y]
Neglecting all terms with more than 2 particles. 3
| | | | :
Outfg]= —2—phiT,2 MassMi ; — - phiT; phiT, MassM, » — - phiT, phiT; MassMy; - - phiT,* MassM, . . 1
Copy this line. | *
Vin[10]= sols = Simplify[Eigensystem[{{MassM[1, 1], MassM[1, 2]}, {MassM[1l, 2], 3 y]
S

(Mass\'[, 1 + MassM; 5 — J MassM, ;2 1° —2MassM;, MassM, ; +4 MassM, 5 2° + MassM; ) (Mass\'i, |+ sMy, + \J MassM; 2 — 2 MassM» 2 MassM

Out[10]=

~MassM | | +MassMj 2+ J MassM| 12 -2 MassMj 5 MassM| | +4 MassMj 22 +MassMp 22 fassM| | —MassMp 2+ \/ MassM] 2 -2 MassMp 5 MassM] 1 +4 M

- 1}
{ 2 MassM 5 ’

2 Masle 2

Yin[12)= sols2 =
Sinplify[
1

sinplify[SOI\re[{sols[[l, 1]] = MphiM12, sols[[1, 2]] = Mphi = sina},

\/sols[[2, 1, 1]]%+1

{MassM[1l, 1], MassM[1, 2], MassM[2, 2]}]] /. { iha’ -1 - I cosa, sina’ -l-o-cosaz}];

sols2 // TableForm

Out[13)//1ableForm=

MassM, ; — cosa® MphiM1? + MphiM2? sina® MassM, ; — cogfi sina (MphiMl2 - MphiMZz) MassM, » — cosa® MphiM2? + MphiM1? sina®
MassM, ; — cosa’ MphiM1? + MphiM2? sina> ~ MassM, ; /~cosasina (MphiM1? — MphiM2?)  MassM,, - cosa® MphiM2® + MphiM1? sina’

¥in[14)= sols2[[2]] // InputForm

Out|14)/NnputForm=

{MassM[1l, 1] -> cosa"2*MphiM1”2 + MphiM2"2*sina”2, MassM[l, 2] -> -(cosa*(MphiM1"2 - MphiM2"2)*sina),
MassM[2, 2] -> cosa”2*MphiM2”2 + MphiM1”"2*sina”2}




The Implementation

® 00 |1 BSM.fr "
JHO o @ v @ 0 & /S Y
New Open Recent Revert Print Undo Redo Cut Copy Paste Search Preferences Help
lambda ==
ParameterType -> External,
ComplexParameter —> False,
Indices -> {Index[scInd]},
Value -> {lambda[1]->1, lambda[2]->1},
InteractionOrder —> {NP,1}
},
lambdap ==
ParameterType -> External,
ComplexParameter —> False,
Indices -> {Index[scInd]}, PaSte
Value -> {lambdap[1]->1, lambdap[2 ..
InteractionOrder —> {NP,1} Deﬁnltlons
} I
MassM ==
DaramterType —> Infternal,
ComplexParameter —> False,
Indices -> {Index[scInd],Index[scInd]},
Definitions -> {MassM[1, 1] —> cosa”2xMphiM172 + MphiM2”2xsina”2,
MassM[1, 2] -> -cosax(MphiM172 - MphiM2”2)xsina,
N MassM[2, 1] -> -cosax(MphiM172 - MphiM2”2)xsina,
\ MassM[2, 2] -> cosa”2xMphiM272 + MphiM1”*2xsina”2}
}

};

-:--- BSM.fr 38% (53,43) (Fundamental)

Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr




The Implementation

® 00 |1 BSM.fr "
] H O o ® SHC NN g B /S o
New Open Recent Revert Print Undo Redo Cut Copy Paste Search Preferences Help
lambda ==
ParameterType -> External,
ComplexParameter —> False,
Indices -> {Index[scInd]},
Value -> {lambda[1]->1, lambda[2]->1},
InteractionOrder —> {NP,1}
}
lambdap ==
ParameterType -> External,
ComplexParameter —> False,
Indices —> {Index[scInd]},
Value -> {lambdap[1]->1, lambdap[2]—>1},
InteractionOrder —> {NP,1}
}
MassM ==
ParamterType —> Infternal, Ma-ke Internal
ComplexParameter -
Indices —> {Index[scInd],Index[scInd]},
Definitions -> {MassM[1, 1] —> cosa”2xMphiM172 + MphiM2”2xsina”2,
MassM[1, 2] -> -cosax(MphiM172 - MphiM2”2)xsina,
MassM[2, 1] -> -cosax(MphiM172 - MphiM2”2)xsina,
MassM[2, 2] —> cosa”2xMphiM272 + MphiM1”2xsina”2}
}

};

-:--- BSM.fr 38% (53,43) (Fundamental)
Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr




The Implementation

® 00 BSM.fr "
O o m W O & /S o
New Open Recent Revert Print Undo Redo Cut Copy Paste Search Preferences Help
InteractionOrder —> {NP,1}
}
lambdap ==
ParameterType -> External,
ComplexParameter —> False,
Indices -> {Index[scInd]},
Value -> {lambdap[1]->1, lambdap([2]->1},
Intere l‘% {Np,l}
} o o
sina == {
ParameterType -> External, Add Sina & cOSa
ComplexParameter —> False,
Value -> 0.35
}
| cosa == {
\ ParameterType -> Internal,
\ ComplexParameter -> False,
Value -> Sqrt[1-sina”2]
)
M ==
rrensarlyne ernal,
ComplexParameter —> False,
Indices —> {Index[scInd],Index[scInd]},
Definitions -> {MassM[1, 1] —> cosa”2xMphiM172 + MphiM2”2xsina”2,

-:**_ BSM.fr 40% (61,15) (Fundamental)

MassM[1, 2] -> -cosax(MphiM172 - MphiM272)%sina,




The Implementation

® 00 | ] BSM.fr e
L H O o ® W @ 0O @ /S o
New Open Recent Revert Print Undo Redo Cut Copy Paste Search Preferences Help
Mass —> {Muv, 500},
Width —> {Wuv, 1}
}
F[21] ==
ClassName -> ev,
SelfConjugate -> False,
Indices - {},
QuantumNumbers -> {Q->-1, Y->-1, LeptonNumber->1},
Mass -> {Mev, 300},
Width —> {Wev, 1}
}
S[20] ==
ClassName -> phiT,
Unphysical -> True, ..
SelfConjugate -> True, Add Definitions
—> {Index[scInd]},

Indices

" Definitions

—> {pth[l]—> cosa phiM[1] + sina ph1M[2]
phiT[2]->-sina phiM[1] + cosa pthIZIM

S[21] ==
ClassName -> phiM,
SelfConjugate -—> True,
Indices —> {Index[scInd]},
FlavorIndex -> sclnd,

-:--- BSM.fr 68% (92,76) (Fundamental)
Wrote /Users/neil/physics/tmp/FR-tutorial/BSM.fr




Run FeynRules

In[15):= Quit[] ) A

» Load FeynRules Don’t fo rget to

» Load Model .

» Check Hermiticity q uit th € ke Al el

» Calculate the new Feynman rules bEfO re restarti ng.

|+

~» Mass Matrix Diagonalization




Run FeynRules

In[15):= Quit[]

> Load FeynRules Load FeynRules

» Load Model - | oad Model
» Check Hermiticity

» Calculate the new Feynman rules C heCk H ecrm |t|C|ty

|+

~» Mass Matrix Diagonalization




Run FeynRules

» Load Model

» Check Hermiticity

v Calculate the new Feynman rules

Vving}= verts = FeynmanRules [Lnew, ScreenOutput - False] <€ Feyn m a n Ru I es

Starting Feynman rule calculation.

Expanding the Lagrangian...
Collecting the different structures that enter the vertex.

13 possible non—zero vertices have been found —> starting the computation: 13 / 13.

QN:NonConserv : Warning: non quantum number conserving vertex encountered!
Quantum number Y not conserved in vertex {1_4, uv, phiMl}.

QN:NonConserv : Warning: non quantum number conserving vertex encountered!

Quantum number Y not conserved in vertex {1—4, uv, phiMz}.

QN:NonConserv : Warning: non quantum number conserving vertex encountered!

General::stop : Further output of QN::NonConserv will be suppressed during this calculation. »

Quantum number Y not conserved in vertex {E, ev, phiMl}.

Quantum number Y not conserved in vertex {E, ev, phiM2).

Quantum number Y not conserved in vertex WV, U, phiMl}.

phiM2}.

13 vertices obtained.



Out[8]=

. phiM1

1
ev 2
| phiM2 3 |
uv !

. phiM1

icosady, m, lambda; P_, 5, —isinady, m, lambda; P_;, 5,

isinady, m, lambda, P_,, 5, +icosady, m, lambda; P_;, 5,

icosalambdap, P_,, 5, —i#sinalambdap, P_;, 5,

isinalambdap, P_;, 5, + icosalambdap, P_;, ,,

icosady, m, lambda; P.;, 5, —isinady, m, lambda; P.;, 5,

icosalambdap, P.,, 5, —i#sinalambdap, P.,, ;,

isinalambdap, P.,, 5, +icosalambdap, P.,, ;,

P8 Vi, T:’;l-mz

. H3
F€S53 P51 59

Run Fen Rules

phiT expanded in
terms of phiM!




Run FeynRules

» Load FeynRules
» Load Model
» Check Hermiticity

» Calculate the new Feynman rules

» Mass Matrix Diagonalization

v Check Mass diagonalization C h €C k th at th S
¥in14}= CheckMassSpectrum|[Lnew] <€ m as S te rm S a re

Neglecting all terms with more than 2 particles.

All mass terms are diagonal.

—— diagonalized

Checking for less then 0.1% agreement with model file values.
Out[14)/1 ableForm=

Particle Analytic value Numerical value Model-file value

IM12 12 ginad
VZ \/ ““4—";*’""‘" + cosa® MphiM 1% sina® + MM g, 200.

w2 M2 inad
V2 \/ M—";pmm + cosa® MphiM2? sina® + h—m"mz —

Mev
Muv




Run Feyn Rules

8 O 0 — — e ™ BSM

Vin[14):= CheckﬂassSpoctm[I.new]
Neglecting all terms with more than 2 particles.
All mass terms are diagonal.
Getting mass spectrum.
Checking for less then 0.1% agreement with model file values.

Qut|14)i1 adleForms=
Particle Analytic value Numerical value Model-file value

phiMl V2 \/ s MOMIT + cosa® MphiM 1% sina® + MM g0, 200.

a2 a2
phiM2 V2 J coee’ Mphih2? MMM 4 cosa® MphiM2? sina? + MEMME st sina® . 400.

ev Mev . 300.
vin¢= UpdateParameters[sina -+ 0.76]

) Try with a different
CheckMassSpectrum|[Lnew]) .
Neglecting all terms with more than 2 particles. val ue Of SiNna.

All mass terms are diagonal.
Getting mass spectrum.
Checking for less then 0.1% agreement with model file values.

Qut| 10)//1 ableForm=
Particle Analytic value Numerical value Model-file value

2 a2
phiMl V2 J st MOWMI 4 cosa® MphiM 12 sina? + MM g, 200.

phiM2 V2 \/ w + cosa® MphiM?2? sina? + Mphimzz- sina®

ev Mev
uv Muv

Assuming a two-dimensional array | Use as a /ist of lists instead




In[15]= Quit[]

» Load FeynRules

» Load Model

» Check Hermiticity

» Calculate the new Feynman rules
» Mass Matrix Diagonalization

» Check Mass diagonalization

v Update widths

Run FeynRules

Compute Widths.

vin[11)= decays = ComputeWidths [FeynmanRules [LSM + Lnew, ScreenOutput - False]]

Starting Feynman rule calculation.

Expanding the Lagrangian...

Expanding indices over 8 cores

Collecting the different structures that enter the vertex.

111 possible non—zero vertices have been found —> starting the computation: 111 / 111.

QN::NonConserv : Warning: non quantum number conserving vertex encountered!
Quantum number Y not conserved in vertex {l_l, uv, phiMl}.
QN:NonConserv : Warning: non quantum number conserving vertex encountered!
Quantum number Y not conserved in vertex {x}, uv, phiMz}.

QN:NonConserv : Warning: non quantum number conserving vertex encountered!

General::stop : Further output of QN::NonConserv will be suppressed during this calculation. »




{u, phiM1, uv}
{u, phiM2, uv)
{u, W, b)
{u, W,d)
{u, W, s)
{uv, phiM1, u)
fuv, phiM2, u}

{w,c,b)

{w,c,d}

{w,c,5)
{W, tl-;}

!W:z—ll

Run FeynRules

{MphiM1Z MU -Muv? | J MphiM14 -2 (MU2 +Mun? | MphiM12 +(MUZ -Muv? P (cosa lambida] - lambda2 sina)?

322 MUS

(Mpmmz2 -Mu2 -Muv‘-’) J MphiM2% -2 (MU2 “Muv2 ) MphiM22 +(MU2 -Mm2)2 (cosa lambda2 + lambdal sina)?

322 MUS

CKMIx3 & {ms* ¢(Mw2 —2mu? ) MBZ MU* -2 My = MU2 Mw'-’) J MB® -2 (MU2 Myt ) Mi2 +(MU2 -Mw'-’)2 CKMIx3

“sz n 5”-2 1MUT3

uv partial width

CKMIx2 &2 (Ms‘ ™ -2 MU= | MS™ MU -2 2y ® MU 2y | J MS® -2 (MU= <20 | MS™ +(MU? _sz)z CKM1x2

CKMIx1 & (MD* +(ay 2 My? P ek’

64Mw2 n swz MupP

{MphiM12-MU2 -Mu? | J MphiM14 -2 (MU2 +Muv? | Mphid1 2 +(mMU2 —Muv2)2 (cosa lambdal - lambda sina)?

322 Muv?

{MphiM22 -MU2 -Muv? | J MphiM2% -2 (MUZ +Muv? | Mphid22 +(MU2 -Muv2)2 (cosa lambda2+lambdal sina)?

322 Muv?

CKM263 €2 (MB +{Myy,2 -2 MC? | MB2 +MC* -2 2y # < MC? 22 | \/ MB% -2 (MC2 20,2 | MB2 +(MC2 -1y, 2 P CRM203°

2My2 x5, My

CKM2x1 €2 (MC? +{M 32 -2 MD? | MC2 =MD -2 2 % = MD? 22| JMC‘-Z(MD2+MW2)MC2+(MD2-MW2)2 CKM2x1”

RMy? 7185,2 IMy

CKM2x2 €2 (MC? {0132 -2 MS? | MC2 oMS® -2 1y o MS? a1y 2 | \/ MC? -2 (MS2 <0y 2 | MC2 4 (MS2-ar 2 2 CRM212"

2My? n5,2 My

CKM3x3 €2 (MB +{Myy,2 -2 MT2 | MB2 +MT# -2 2y © < MT2 a2 | \/ MB% -2 (MT2 22002 | MB2 +(MT2 -1y, 2 P CRM3x3

2My2 x5, My

CKM3x1 €2 (MD? (a1, 2 -2 MT2 | MDZ < MT# -2 2y ® < MT2 21,2 | \/ MD# =2 (MT2 <1y, | MD2 4 (MT2 21,2 B CRM3x1”




un FeynRules

96(:,,.2 n sw2 Mz
& Mz° (l:w2 +sw2)2

96.cpp 2 11 8530 IMZS

el & J MZ% -4 My ? M22 (a8 2y 5 68 MZ2 My 216 M2 My? +Mz5)

192 Mu® 7502 MZE

vin12/- UpdateWidths [decays] <— U P d ate Wl dth S

Wev = 0.0111601.
WH = 0.0058038.
WphiM1 = 0..
WphiM2 = 6.05574.
WT = 1.46688.
Wuv = 1.32387.
WW = 2.00252.
WZ = 24116.

0d 0d ud ud ud od od o

L




un FeynRules

In[15]= Quit[]

» Load FeynRules
» Load Model
» Check Hermiticity

» Calculate the new Feynman rules

» Mass Matrix Diagonalization
» Check Mass diagonalization
» Update widths
v Export to UFO

Vin[13]:= :::::;:i;:g‘ [’S::::;nir] ; -« Write U FO Fi I es

——— Universal FeynRules Output (UFO) v 1.1 ———
Starting Feynman rule calculation.

Expanding the Lagrangian...
Expanding indices over 8 cores
Collecting the different structures that enter the vertex.
111 possible non—zero vertices have been found —> starting the computation: 111 / 111.
106 vertices obtained.
Flavor expansion of the vertices distributed over 8 cores: 106 / 106

— Saved vertices in InterfaceRun[ 1 ].

Ld 0d 0d ud ud ud od od wa

4 LEa |

QN:NonConserv : Warning: non quantum number conserving vertex encountered!




Run FeynRules

Quanmm number Y not oonserved in vertex pluMl u, uv}.
Quantum number Y not conserved in vertex {phiM2, u, uv}.
Quantum number Y not conserved in vertex {phiMI, ev,

Quantum number Y not conserved in vertex {phiM2, ev,

e}.
e}.

Quantum number Y not conserved in vertex {phiMI, uv u}.

Quantum number Y not conserved in vertex {phiMZ, uv, u}.

Computing the squared matrix elements relevant for the 1->2 decays:
75/58

Squared matrix elent compute in 0.366590 seconds.

75/75

Decay::Overwrite : Warning: Previous results will be overwritten.
Decay widths computed in 0.250175 seconds.
Preparing Python output.
— Splitting vertices into building blocks.
Splitting of vertices distributed over 8 kernels.
— Optimizing: 176/176 .
— Writing files.
Done! <




Start VWeb Validation

® 00 Noil Christencen's Models "

> | (D | 2] D feynrules.irmp.ucl.ac.be/validation/author ¢ | Reader || © |

Remove | Triangle 3-Site Model 1and2massless

Remove Standard Model

Remove | Gamma Jet

Remove Standard Model massless 1 and 2

Remove MSSM

Remove | Triangle 3-Site Model

Remove Standard Model

Remove 3-Site Model

Remove | Standard Model (current)

Remove New Standard Model v4




Start VWeb Validation

® 00 Neil Christensen's Models i’l

Standard Model

Remove B-L-FR

Remove | B-L_full

Remove 221-massless

Remove MSSM

Remove | Standard Model

Remove MSSM

Remove Standard Model

Remove | Taipei-FR-MG-2013

Remove Taipei-FR-MG-2013

Remove MSSM

" | New Model |




Start VWeb Validation

® OO0 New Model "

New Model

Neil Christensen

Model Files Restriction Files

| Choose File | no file selected | Add | a restriction file

' Add | anotlier model file

Lagrangian :

| Exclude 4 Scalar Vertices

FeynRules Version
(®Current (Development

| Upload Model |




Start VWeb Validation

New Model

New Model

Neil Christensen

Model Files

| Choose File | noffile selected

\,

| Choose File | no file selected

| Add | another model file

Restriction Files

| Add | a restriction file

Lagrangian :

| Exclude 4 Scalar Vertices

Parameter Files

| Add | a parameter file

FeynRules Version
(#Current ( Development

| Upload Model |




Start VWeb Validation

New Model

New Model

Neil Christensen

Choose Fil{l | " SM.fr

| Choose File | " BSM.fr

| Add | another model file

Restriction Files

| Choose File | “ Massless.rst

 Add | another restriction file

Lagrangian : LSM+Lnew

| Exclude 4 Scalar Vertices

Parameter Files

| Add | a parameter file

FeynRules Version
( Current (s)Development

| Upload Model |




Start VWeb Validation

New Model

New Model

Neil Christensen

Model Files

| Choose File | " SM.fr

| Choose File | " BSM.fr

| Add | another model file

Restriction Files

| Choose File'| " Massless.rst

N\

 Add | another restriction file

Lagrangian : LSM+Lnew

| Exclude 4 Scalar Vertices

Parameter Files

| Add | a parameter file

FeynRules Version
( Current (s)Development

| Upload Model |




Start VWeb Validation

New Model

New Model

Neil Christensen

Model Files

| Choose File | " SM.fr

| Choose File | " BSM.fr

| Add | another model file

Restriction Files

| Choose File | “ Massless.rst

 Add | another restriction file

Lagrangian ‘\ LSM+Lnew ’

| Exclude 4 Scalar Vertices

Parameter Files

| Add | a parameter file

FeynRules Version
( Current (s)Development

| Upload Model |




Start VWeb Validation

® OO0 New Model "

New Model

Neil Christensen

Model Files Restriction Files Parameter Files

| Choose File | " SM.fr | Choose File | “ Massless.rst | Add | a parameter file

| Choose File | " BSM.fr  Add | another restriction file

| Add | another model file

Lagrangian : LSM+Lnew

| Exclude 4 Scalar Vertices

FeynR -
(_Current ) (»)Development

| Upload Model |




Start VWeb Validation

New Model

New Model

Neil Christensen

Model Files

| Choose File | " SM.fr

| Choose File | " BSM.fr

| Add | another model file

Restriction Files

| Choose File | “ Massless.rst

 Add | another restriction file

Lagrangian : LSM+Lnew

| Exclude 4 Scalar Vertices

Parameter Files

| Add | a parameter file

FeynRules Version
( Current (s)Development

| Upload Model |




Start VWeb Validation

@ 00 Model Pending '."
> O 22| @ feynrules.irmp.ucl.ac.be/validation/author/model?id=251 ¢ | Reader || ©

Model Pending

Neil Christensen

FeynRules Model Files




Start VWeb Validation

® 00 Model Pending "

Model Pending

Neil Christensen

FeynRules Model Files
Restriction Files

Massless.rst

Lagrangian : LSM+Lnew




Start VWeb Validation

® 00 Taipei-FR-MG-2013 e

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files
Restriction Files

v Massless.rst

Lagrangian : LSM+Lnew

MEG Model Files & Validations

Stock Models




Start VWeb Validation

® 00 Taipei-FR-MG-2013 e

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files
Restriction Files

v Massless.rst

Lagrangian : LSM+Lnew

MEG Model Files & Validations

Stock Models




Start VWeb Validation

® 00 Taipei-FR-MG-2013 e

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

MEG Model Files & Validations

| Create New MEG Model Files |

N\

Stock Models




Start VWeb Validation

® 00 Taipei-FR-MG-2013 e

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

MEG Model Files & Validations

" Name :  Massless

\

@ Massless.rst

| Validate this combination |

Stock Models




Start VWeb Validation

® 00 Taipei-FR-MG-2013 e

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

MEG Model Files & Validations

Name : Massless
. Files

" @Massless.rst

| Validate this combination |

Stock Models




Start VWeb Validation

® 00 Taipei-FR-MG-2013 e

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

MEG Model Files & Validations

Name : Massless

R. Files P. Files
@ Massless.rst

| Validate this combination |

Stock Models




Start VWeb Validation

® 00 Taipei-FR-MG-2013 e

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

| MEG Model Files & Validations

1\ Restriction File(s) : Massless.rst >

CH

Validations

| Create New Validation |

| Create New MEG Model Files |

Stock Models




Start VWeb Validation

® 00 Taipei-FR-MG-2013 e

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

| MEG Model Files & Validations
|| Massless

Restriction File(s) : Massless.rst
Parameter File

CH Mf WwO2
| Validations

| Create New Validation |

| Create New MEG Model Files |

Stock Models




Start VWeb Validation

® 00 Taipei-FR-MG-2013 e

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

| MEG Model Files & Validations
|| Massless

Restriction File(s) : Massless.rst
Parameter File

CH

Validations

| Create New Validation |
AN

| Create New MEG Model Files |

Stock Models




Start VWeb Validation

® 00 Taipei-FR-MG-2013 : Validation "

Taipei-FR-MG-2013

Neil Christensen

Validation Name{: Scalar »

Compare p L integrated cross section or partial width

Process type : | 22

Massless

Restriction File(s) : Massless.rst
Parameter File

CH

Restrictions




Start VWeb Validation

® 00 Taipei-FR-MG-2013 : Validation "

Taipei-FR-MG-2013

Neil Christensen

Validation Name : Scalar

Compare p L integrated cross section or partial width

Process type : | 22

Massless

Restriction File(s) : Massless.rst
Parameter File

CH

O

Restrictions




Start VWeb Validation

@00 Taipei-FR-MG-2013 : Validation &

| @ feynrules.irmp.ucl.ac.be/validation/author/newValidation?RPcombold=517 ¢ | Reader. )k ,

Restriction File(s) : Massless.rst
Parameter File

CH

Restrictions

Field Type Indices Charges

Require
Not

o :) lo:] Q: 0 ¢ [0 ]

Require
Not

Require Rc.:] 1;11 " Require Charge Require
Nc

'0 ¢/ |0 ¢ GhostNumber: | | (0 3]

LeptonNumber :

Y:

| Generate Processes |




Start VWeb Validation

@00 Taipei-FR-MG-2013 : Validation &

| @ feynrules.irmp.ucl.ac.be/validation/author/newValidation?RPcombold=517 ¢ | Reader. )k ,

Restriction File(s) : Massless.rst
Parameter File

CH

Restrictions

Field Type Indices Charges

Require
Not

o :) lo:] Q: 0 ¢ [0 ]

Require
Not

Require Rc.:] 1;11 " Require Charge Require
Nc

'0 ¢/ |0 ¢ GhostNumber: | | (0 3]

LeptonNumber :

Y:

| Generate Processes | §




Start VWeb Validation

® 00 Taipei-FR-MG-2013 : Scalar "

Taipei-FR-MG-2013
Neil Christensen

Restriction & Parameter Files

Process Restrictions

Feynman Diagram Calculators

Stock Models

: Generating Processes
S B :) 0/0 processes finished

LL=0.0 for -1 degrees of freedom.
The probability of this being a statistical fluctuation is 100.0%.




Start VWeb Validation

® 00 Taipei-FR-MG-2013 : Scalar "

Taipei-FR-MG-2013

Restriction & Parameter Files

Process Restrictions

Feynman Diagram Calculators

Stock Models

: Generating Processes
0/0 processes finished

LL=0.0 for -1 degrees of freedom.
The probability of this being a statistical fluctuation is 100.0%.




Start VWeb Validation

® 00 Taipei-FR-MG-2013 "

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

| MEG Model Files & Validations
|} Massless

Restriction File(s) : Massless.rst
Parameter File

CH MGS5 WwO2

“ Scalar 0/0 processes finished ’

| Create New Validation |

| Create New MEG Model Files |

Stock Models




UFO Files

UFO Files

8 O O

neil@3:FR-tutorial neil$ 1s
BSM. fr

BSM.nb
neil@3:FR-tutorial neils JJ

FeynRules-development. feynrules-development

Taipei~-FR-MG-2013_UFO0




UFO File

FR-tutorial — bash — 80 UFO Files

® OO

neil®3:FR-tutorial neil$ 1s

BSM. fr FeynRules-development.tgz feypiules-development
BSM. nb Taipei-FR-MG-2013_UFO0

neil@3:FR-tutorial neil$ 1s Taipei-FR-MG-2013_UF0/

CT_couplings.py decays.py particles.py
Taipei-FR-MG-2013_UF0. log function_library.py propagators.py
__init__.py lorentz.py vertices.py
coupling_orders.py object_library.py write_param_card.py
couplings.py parameters.py

neil@3:FR-tutorial neil$ ||




UFO Flles

® OO ‘ FR- ial — bz
neil®3:FR-tutorial neil$ 1s

h— 80x24 —— A

BSM. fr FeynRules-development.tgz feynrules-development

BSM. nb Taipei-FR-MG-2013_UFO0
neil@3: FR-tutor1a1 neil$ 1s Taipei-FR-MG-2013_UFO0/
decays.py
Taipei-FR-MG-2013_UFO0. log Jfunction_1library.py
_ — - lorentz.py
coupling_orders.py object_library.py
couplings.py parameters.py
neil@3:FR-tutorial neil$ ||

particles.py
propagators.py
vertices.py
write_param_card.py



UFO Flles

® OO

neil®3:FR-tutorial neil$ 1s

BSM. fr FeynRules-development.tgz feynrules-development
BSM. nb Taipei-FR-MG-2013_UFO0
neil@3:FR-tutorial neil$ 1s Taipei-FR-MG-2013_UF0/
CT_couplings.py decays.py particles.py
Taipei-FR-MG-2013_UF0. log function_library.py propagators.py

init .py lorentz.py vertices.py

QLD prders.py object_library.py write_param_card.py

\coupllngs py parameters.py

neild3:FR-tu orlal neils$ |




UFO Files

® OO _ ER-tutorial —less — 80x24 _ e
order = {'QED':2})
GC_50 = Coupling(pams
uv 1
GC_51 = Coupling( u 2 | #sinady, m, lambda; P.;, 5, +icosady, m, lambda; P.;, 5,
phiM2 3

GC_52 = Coupling(name = ' :
value = 'cosaxcomplex(®,1)*lambda2 + complex(®,1)xlambdal*sina’

order = {'NP':1})

GC_53 = Coupling(name = 'GC_53"',
value = 'cosaxcomplex(0,1)xlambdal - complex(9,1)xlambda2xsina’
order = {'NP':1})

GC_54 = Coupling(name = 'GC_54",

value = 'cosaxcomplex(@,1)xlambdap2 + complex(®,1)xlambdaplxsin




UFO Files

® OO . FR-tutorial — ba
neil®3:FR-tutorial neil$ 1s

W A Y. N—

BSM. fr FeynRules-development.tgz feynrules-development

BSM.nb Ta1pe1—FR-MG -2013_UFO

neil@3:FR-tutorial neil$ =FR-MG-2013_UF0/
CT_couplings.py ~ decays.py
Taipei-FR-MG-2013_UFO0. log —(lbrary.py

__init__.py lorentz.py
coupling_orders.py object_library.py
couplings.py parameters.py
neil@3:FR-tutorial neil$ ||

particles.py
propagators.py
vertices.py
write_param_card.py




UFO Files

® O O ___ FR-tutorial — less — 80x24 e

F(I)l .
%2))/(32.% ixabs(MM)*x%x3) '})

PDecay_phiM1’= Decay(name = 'Decay_phiM1',

particle = P.phiM1l,

partial_widths = {(P.e__minus__,P.ev__tilde__):"'((-(cosax*2x
lambdapl*xx2xMex*2) - cosaxx2xlambdaplxx2xMevxk2 + cosaxk2xlambdaplx*x2xMphiM1xx2
+ 2%cosaxlambdaplxlambdap2xMexx2xsina + 2xcosaxlambdaplxlambdap2xMevxx2xsina - 2
*xcosaxlambdaplxlambdap2*xMphiMlx*x*x2%sina — lambdap2xx2xMex*x2xsinax*x2 - lambdap2xx2
*Mevxx2xsinaxx2 + lambdap2*xx2xMphiMlxx2xsinaxx2)xcmath.sqrt(Mexx4 - 2xMexx2xMevx
%2 + Mevkxx4 — 2xMexkx2*MphiM1xx2 - 2xMevx*x2xMphiM1xx2 + MphiM1xx4))/(16.xcmath.pi
*abs (MphiM1)%x3) "',

(P.ev,P.e__plus__):'((-(cosaxx2xlambdaplx*x
2%Mexx2) - cosaxkx2xlambdaplxx2xMevx*2 + cosaxx2xlambdaplkxx2xMphiM1xx2 + 2%cosaxl
ambdaplxlambdap2*xMexx2%xsina + 2xcosaxlambdaplxlambdap2xMevxx2xsina - 2*cosaxlamb
daplxlambdap2xMphiMlxx2%xsina - lambdap2x*2xMexx2xsinaxx2 - lambdap2xx2xMevxx2xsi
naxkx2 + lambdap2xx2xMphiMlx*x2xsina*xx2)xcmath.sqrt(Mexx4 - 2xMexkx2xMevxx2 + Mevkx
4 - 2%xMexx2xMphiM1x%x2 - 2xMevx*2xMphiM1x%2 + MphiM1xx4))/(16.%cmath.pixabs(MphiM
1)%%x3)"',

(P.u,P.uv__tilde__):'((3*xcosax*2xlambdalxx
2xMphiM1x%2 — 3%cosax*x2xlambdalxx2xMUx%2 - 3%cosaxx2xlambdalxx2xMuvxx2 - 6xcoSsax
lambdalxlambda2*MphiMlx%x2*sina + 6%cosaxlambdalxlambda2xMUxx2xsina + 6%cosaxlamb
dalxlambda2xMuvxx2xsina + 3xlambda2xx2*xMphiM1lxx2xsinaxx2 — 3xlambda2xx2xMUxx2x%s1i
naxkx2 — 3xlambda2xx2xMuvxx2xsinaxx2)xcmath.sqrt(MphiMlxx4 - 2xMphiM1xx2xMUx%2 +




UFO Files

® OO . FR-tutorial — bash — 80x24

neil@3:FR-tutorial neil$ 1s

BSM. fr FeynRules-development.tgz feynrules-development
BSM. nb Taipei-FR-MG-2013_UFO0

neil@3:FR-tutorial neil$ 1s Taipei-FR-MG-2013_UF0/

CT_couplings.py decays.py particles.py

Taipei-FR-MG-2013_UFO0. lo ] ibrary.py propagators.py
__init__.py ~ lorentz.py vertices.py
coupling_orders.py 0 _ rary.py write_param_card.py

couplings.py parameters.py
neil@3:FR-tutorial neil$ ||




UFO Files

® OO . FR-tutorial — bash — 80x24

neil@3:FR-tutorial neil$ 1s

BSM. fr FeynRules-development.tgz feynrules-development
BSM. nb Taipei-FR-MG-2013_UFO0

neil@3:FR-tutorial neil$ 1s Taipei-FR-MG-2013_UF0/

CT_couplings.py decays.py particles.py
Taipei-FR-MG-2013_UF0. log function_library.py propagators.py
__init__.py lorentz.py vertices.py

coupling_orders.py i i . Py write_param_card.py
couplings.py - parameters.py
neil®3:FR-tutorial neil$ N B




UFO Files

® () sina —— R-tutori

0ss — 80X

Parameter(name = 'sina’,
nature = 'external',
type = 'real’,
value = 0.76,
texname = '\\text{sina}',
lhablock = 'FRBlock',
lhacode = [ 1 ])

lambdal = Parameter(name = 'lambdal’,
nature = 'external',
type = 'real’,
value = 1,
texname = '\\text{lambdal}',
lhablock = 'FRBlock6',
lhacode = [ 1 ])
lambda2 = Parameter(name = 'lambda2',
nature = 'external',
type = 'real’,
value = 1,

texname = '\\text{lambda2}"',
lhablock = 'FRBlocké6',




UFO Files

® OO . FR-tutorial — ba
neil®3:FR-tutorial neil$ 1s

W A Y. N—

BSM. fr FeynRules-development.tgz feynrules-development

BSM. nb Taipei-FR-MG-2013_UFO0

neil@3:FR-tutorial neil$ 1s Taipei-FR-MG-2013_UF0/

CT_couplings.py decays.py
Taipei-FR-MG-2013_UF0. log function_library.py
__init__.py lorentz.py
coupling_orders.py object_library.py
couplings.py parameters.py
neil@3:FR-tutorial neil$ ||

~ particles.py

propagators.py
vertices.py
write_param_card.py




UFO Flles

® O O , FR-tutorial — less — 80x2 . —

GhostNumber = 0,
LeptonNumber = 1,
Y = -1)

ev__tilde__ = ev.anti()

Particle(pdg_code = 9000008,
name = 'phiMl1l’',
antiname = 'phiM1',
spin = 1,
color = 1,
mass = Param.MphiM1l,
width = Param.WphiM1l,
texname = 'phiMl’,
antitexname = 'phiM1’',
charge = 0,
GhostNumber = 0,
LeptonNumber = 0,

Y = 0)

phiM2 = Particle(pdg_code = 9000009,
name = 'phiM2',
antiname = 'phiM2',



UFO Files

® OO . FR-tutorial — bash — 80x24

neil@3:FR-tutorial neil$ 1s

BSM. fr FeynRules-development.tgz feynrules-development
BSM. nb Taipei-FR-MG-2013_UFO0

neil@3:FR-tutorial neil$ 1s Taipei-FR-MG-2013_UF0/

CT_couplings.py decays.py ]
Taipei-FR-MG-2013_UF0. log function_library.py propagators.py
__init__.py lorentz.py ve .

coupling_orders.py object_library.py write_param_card.py
couplings.py parameters.py
neil@3:FR-tutorial neil$ ||




UFO Flles

neil@3:FR-tutorial neil$ 1s

BSM. fr FeynRules-development.tgz feynrules-development
BSM. nb Taipei-FR-MG-2013_UFO0

neil@3:FR-tutorial neil$ 1s Taipei-FR-MG-2013_UF0/

CT_couplings.py decays.py particles.py

Taipei-FR-MG-2013_UF0. log function_library.py
__init__.py lorentz.py _vertices.py
coupling_orders.py object_library.py write_param_card.py

couplings.py parameters.py
neil@3:FR-tutorial neil$ ||




UFO Files

0ss — 80X

R-tutori

color = [ 'Identity(1, 2)' 1,
lorentz = [ L.FFS1 ],
couplings = {(0,0):C.GC_53})

V_43

Vertex(name = 'V_43.
particles = [ P.uv__tilde__, P.u, P.phiM2 ],
color = [ 'Identi y
lorentz = [ L.FFS1 1,
couplings = {(0,0):C.GC_52})

V_44 = Vertex(name = 'V_44',

part=

co L«

loré uv 1

couy w 2| #sinady, m, lambda; P.,, ,, +icosady, m, lambda; P., ,,
V_45 = Vertex(name phiM2 3

par

color = dentity(1, ’

lorentz = [ L.FFS1, L.FFS3 ],
couplings = {(0,0):C.GC_14,(0,1):C.GC_23})

Vertex(name = 'V_46",




UFO Files

® OO . FR-tutorial — bash — 80x24

neil@3:FR-tutorial neil$ 1s

BSM. fr FeynRules-development.tgz feynrules-development
BSM. nb Taipei-FR-MG-2013_UFO0

neil@3:FR-tutorial neil$ 1s Taipei-FR-MG-2013_UF0/

CT_couplings.py decays.py particles.py
Taipei-FR-MG-2013_UF0. log function_library.py propagators.py

__init__.py lorentz.py ]
coupling_orders.py object_library.py write_param_card.py

couplings.py parameters.py
neil@3:FR-tutorial neil$ ||




Import UFO — MG5

® OO __ FR-tutorial — bash — 80x24 e
neil@3:FR-tutorial neil$ 1s

| BSM. fr MadGraph5_v1l.5.12.tar.gz feynrules-development
BSM.nb MadGraph5_vl1l 5 12

FeynRules-development.tgz Taipei-FR-MG-2013_UFO0
neil@®3:FR-tutorial neil$ cp -r Taipei-FR-MG-2013_UFO0 MadGraph5_v1_5_12/models/.

neil@3:FR-tutorial neils N} ‘K\\\\\\

Recursively copy
the UFO model
file directory to
the MG5 models

directory.




Import UFO — MG5

8 O O . MadGraph5_v1 5 12 — bash — 80x24 e
neil@3:FR-tutorial neil$ 1s

' BSM. fr MadGraph5_v1l.5.12.tar.gz feynrules-development

BSM. nb MadGraph5_v1l_5_12

FeynRules-development.tgz Taipei-FR-MG-2013_UFO

neil@3:FR-tutorial neil$ cp -r Taipei-FR-MG-2013_UFO0 MadGraph5_v1_5_12/models/.
neil@3:FR-tutorial neil$ cd MadGraph5_v1_5_12/

neil®3:MadGraph5_v1_5_12 neil$ ./bin/mg5/|

Start MG5




Import UFO — MG5

® O O __ MadGraph5_v1 5 12 — Python — 80x24 "

* The MadGraph Development Team - Please visit us at *
% https://server@6.fynu.ucl.ac.be/projects/madgraph %
* %
% Type 'help' for in-1line help. %
% Type 'tutorial' to learn how MG5 works %
% %

Sk K 3k 3k K 3K K oK K 5K 5K 3K K 5K 3K 3K K 5K 3K K K 5K oK K K 5K 3K K K 3K 3k 3K K 3Kk K K oK K K K oK ok K K ok sk oK K ok sk oK K ok sk K
load MG5 configuration from input/mg5_configuration.txt

Using default text editor "vi". Set another one in ./input/mg5_configuration.txt
Loading default model: sm

INFO: load particles

INFO: load vertices

INFO: Restrict model sm with file models/sn

INFO: Run "set stdout_level DEBUG" before iIrT1F)()r~t new rT]CDCjGEI
INFO: Change particles name to pass to MG5 conveéntion

Defined multiparticle p = gu c d s u~ ¢~ d~ s
Defined multiparticle j gucds u~ c~ d~

Defined multiparticle 1+ = e+ mu+
Defined multiparticle 1- = e- mu-
Defined multiparticle vl = ve vm vt

Defined multiparticle vi~ = ve~ vm~ vi~
Defined multiparticle all gucds uv/c~ d~ s~ a ve vm vt e-= mu- ve~ vm~ vi~
e+ mu+ t b t~ b~ z w+ h w- ta- ta+
mg5>import model Taipei-FR-MG-2013_UF0 [




Import UFO — MG5

® O O __ MadGraph5_v1 5 12 — Python — 80x24 "

Using default text editor "vi". Set another one in ./input/mg5_configuration.txt
Loading default model: sm

INFO: load particles

INFO: load vertices

INFO: Restrict model sm with file models/s

INFO: Run "set stdout_level DEBUG" before 11511F)()r~t new rT1()(j€3|
INFO: Change particles name to pass to MG5

Defined multiparticle p = gu cd s u~ ¢~ d~ s

p_
Defined multiparticle j = g u cd s u~ Cc~ d~
Defined multiparticle 1+
1-

InnucCaiLvii

= e+ mu+
Defined multiparticle = e- mu-
Defined multiparticle vl = ve vm vt

Defined multiparticle vi~ = ve~ vm~ vi~
Defined multiparticle all = g u cd s u~/c~ d~ s~ a ve vm vt e- mu- ve~ vm~ vi~
e+ mu+ t b t~ b~ z w+ h w- ta- ta+
mg5>import model Taipei-FR-MG-2013_UFO
INFO: load particles

INFO: load vertices

INFO: The model has interaction violating the charge: Y

INFO: Change particles name to pass to MG5 convention

Kept definitions of multiparticles -/ j / vl / W+ / p / vi~ unchanged

Defined multiparticle all = g a ve vm vt ve~ vm~ vi~ u c t d s b uv u~ ¢~ t~ d~
s~ b~ uv~ z w+ h phiml phim2 w- e- mu- ta- ev e+ mu+ ta+ ev~

mg5>)




Import UFO — MG5

® O O __ MadGraph5_v1_5_12 — Python — 80x24 "

Using default text editor "vi". Set another one in ./input/mg5_configuration.txt
Loading default model: sm

INFO: load particles

INFO: load vertices

INFO: Restrict model sm with file models/sm/restrict_default.dat .

INFO: Run "set stdout_level DEBUG" before import for more information.

INFO: Change particles name to pass to MG5 convention

Defined multiparticle p = g u c d s u~ ¢~ d~ s~
Defined multiparticle j gucds u~ c~ d~ S~
Defined multiparticle 1+
1-

= e+ mu+
Defined multiparticle = e- mu-
Defined multiparticle vl = ve vm vt

Defined multiparticle vli~
Defined multiparticle all Check P P > uv uv~ vt e- mu- ve~ vm~ vt~
e+ mu+ t b t~ b~ z w+ h w-
mg5>import model Taipei-FR-MG-20 UFO
INFO: load particles
INFO: load vertices
INFO: The model has interacti¢h violating the charge: Y

INFO: Change particles name {¥o pass to MG5 convention

Kept definitions of multipayticles - / j / vl / W+ / p / vi~ unchanged

Defined multiparticle all #¥ g a ve vm vt ve~ vm~ vi~ u c t d s b uv u~ c~ t~ d~

s~ b~ uv~ z w+ h phiml phim2 w- e- mu- ta- ev e+ mu+ ta+ ev~
mg5>check p p > uv uva]




~N

Import UFO — MG5

__MadGraph5_v1l _5_12 — Python — 80x24

® OO

g g > uv uv~

U u~ > uv uv~
C C~ > UV uv~
d d~ > uv uv~

Process

g g > uv uv~
U u~ > uv uv~
C C~ > uv uv~
d d~ > uv uv~
S S~ > UV uv~

Process

g g > uv uv~
U u~ > UV uv~
C C~ > UV uv~
d d~ > uv uv~
S S~ > UV uv~

4.6280449975e-01
0.0300369162e-01
8.4256239684e-01
8.4709902490e-01

Summary: 5/5 passed, 0/5 failed )
orentz 1nvariance resu -

Min element

4.8020434562e-01
9.2315267407e-01
8.7955925403e-01
8.4304382787e-01
0.2621007569e-01

Summary: 5/5 passed, 0/5 failed
Process permutation results:

Min element

7.5704630629e-01
6.9559674954e-01
8.6853185413e-01
9.7414225260e-01
8.5872932568e-01

Summary: 5/5 passed, 0/5 failed

4.6280449975e-01
0.0300369162e-01
8.4256239684e-01
8.4709902490e-01
9.7144064677e-01

Max element

4.8020434562e-01
0.2315267407e-01
8.7955925403e-01
8.4304382787e-01
0.2621007569e-01

Max element

7.5704630629%e-01
6.9559674954e-01
8.6853185413e-01
0.7414225260e-01
8.5872932568e-01

| Gauge results (switching between Unitary/Feynman):’
Process nitary h eynman Relative diff.

0.0000000000e+00
0.0000000000e+00
0.0000000000e+00
0.0000000000e+00
0.0000000000e+00

Relative diff.

2.3119803782e-16
2.0444929586e-15
6.3112463403e-16
1.8436909009e-15
1.3185403173e-15

Relative diff.

1.0265635150e-15
4,7882182832e-16
7.6696532385e-16
0.0000000000e+00
1.2928672533e-16

Result
Passed
Passed
Passed
Passed
Passed

Result
Passed
Passed
Passed
Passed
Passed

Result
Passed
Passed
Passed
Passed
Passed




Import UFO — MG5

® O O __MadGraph5_v1_5_12 — Python — 80x24
Gauge results (switching between Unitary/Feynman):
Process Unitary Feynman Relative diff. Result
g g > uv uv~ 4.6280449975e-01 4.6280449975e-01 0.0000000000e+00 Passed
Uu u~ > uv uv~ 9.0300369162e-01 9.0300369162e-01 0.0000000000e+00 Passed
C C~ > UV uv~ 8.4256239684e-01 8.4256239684e-01 0.0000000000e+00 Passed
d d~ > uv uv~ 8.4709902490e-01 8.4709902490e-01 0.0000000000e+00 Passed
S S~ > UV uv~ 9.7144064677e-01 9.7144064677e-01 0.0000000000e+00 Passed
. iled

- Lorentz invariance results:

A i Max element Relative diff. Result
g g > uv uv~ 4.8020434562e-01 4.8020434562e-01 2.3119803782e-16 Passed
U u~ > uv uv~ 9.2315267407e-01 9.2315267407e-01 2.0444929586e-15 Passed
C C~ > UV uv~ 8.7955925403e-01 8.7955925403e-01 6.3112463403e-16 Passed
d d~ > uv uv~ 8.4304382787e-01 8.4304382787e-01 1.8436909009e-15 Passed

~ =01 9.2621007569e-01 1.3185403173e-15 Passed

~ Summary: 5/5 passed, 0/5 failed

- Process :
Process Min element Max element Relative diff. Result
g g > uv uv~ 7.5704630629e-01 7.5704630629%9e-01 1.0265635150e-15 Passed
U u~ > uv uv~ 6.9559674954e-01 6.9559674954e-01 4.7882182832e-16 Passed
C C~ > Uuv uv~ 8.6853185413e-01 8.6853185413e-01 7.6696532385e-16 Passed
d d~ > uv uv~ 9.7414225260e-01 9.7414225260e-01 0.0000000000e+00 Passed
S S~ > UV uv~ 8.5872932568e-01 8.5872932568e-01 1.2928672533e-16 Passed

Summary: 5/5 passed, 0/5 failed




Import UFO — MG5

® O O __MadGraph5_v1_5_12 — Python — 80x24
Gauge results (switching between Unitary/Feynman):
Process Unitary Feynman Relative diff. Result
g g > uv uv~ 4.6280449975e-01 4.6280449975e-01 0.0000000000e+00 Passed
U u~ > uv uv~ 0.0300369162e-01 9.0300369162e-01 0.0000000000e+00 Passed
C C~ > UV uv~ 8.4256239684e-01 8.4256239684e-01 0.0000000000e+00 Passed
d d~ > uv uv~ 8.4709902490e-01 8.4709902490e-01 0.0000000000e+00 Passed
S S~ > UV uv~ 9.7144064677e-01 9.7144064677e-01 0.0000000000e+00 Passed
Summary: 5/5 passed, 0/5 failed
Lorentz invariance results:
Process Min element Max element Relative diff. Result
g g > uv uv~ 4.8020434562e-01 4.8020434562e-01 2.3119803782e-16 Passed
U u~ > uv uv~ 9.2315267407e-01 9.2315267407e-01 2.0444929586e-15 Passed
C C~ > UV uv~ 8.7955925403e-01 8.7955925403e-01 6.3112463403e-16 Passed
d d~ > uv uv~ 8.4304382787e-01 8.4304382787e-01 1.8436909009e-15 Passed
S S~ > UV uv~ 0.2621007569e-01 9.2621007569e-01 1.3185403173e-15 Passed
: i led

( Process permutation results:

| Procesc - Max element Relative diff. Result
g g > uv uv~ 7.5704630629e-01 7.5704630629%9e-01 1.0265635150e-15 Passed
U u~ > uv uv~ 6.9559674954e-01 6.9559674954e-01 4.7882182832e-16 Passed
C C~ > UV uv~ 8.6853185413e-01 8.6853185413e-01 7.6696532385e-16 Passed
d d~ > uv uv~ 0.7414225260e-01 9.7414225260e-01 0.0000000000e+00 Passed

8.5872932568e-01 1.2928672533e-16 Passed

=21
‘ Summary: 5/5 passed, 0/5 failed )




Generate Signal

® O O __MadGraph5_v1_5 12 — Python — 80x24

U u~ > uv uv~ 0.0300369162e-01 9.0300369162e-01 0.0000000000e+00 Passed
C C~ > UV uv~ 8.4256239684e-01 8.4256239684e-01 0.0000000000e+00 Passed
d d~ > uv uv~ 8.4709902490e-01 8.4709902490e-01 0.0000000000e+00 Passed
S S~ > UV Uuv~ 9.7144064677e-01 9.7144064677e-01 0.0000000000e+00 Passed
Summary: 5/5 passed, 0/5 failed

Lorentz invariance results:

Process Min element Max element Relative diff. Result
g g > uv uv~ 4.8020434562e-01 4.8020434562e-01 2.3119803782e-16 Passed
U u~ > uv uv~ 9.2315267407e-01 9.2315267407e-01 2.0444929586e-15 Passed
C C~ > UV uv~ 8.7955925403e-01 8.7955925403e-01 6.3112463403e-16 Passed
d d~ > uv uv~ 8.4304382787e-01 8.4304382787e-01 1.8436909009e-15 Passed
S S~ > UV Uuv~ 0.2621007569e-01 9.2621007569e-01 1.3185403173e-15 Passed
Summary: 5/5 passed, 0/5 failed

Process permutation results:

Process Min element Max element Relative diff. Result
g g > uv uv~ 7.5704630629e-01 7.5704630629%9e-01 1.0265635150e-15 Passed
U u~ > uv uv~ 6.9559674954e-01 6.9559674954e-01 4.7882182832e-16 Passed
C C~ > UV uv~ 8.6853185413e-01 8.6853185413e-01 7.6696532385e-16 Passed
d d~ > uv uv~ 9.7414225260e-01 9.7414225260e-01 0.0000000000e+00 Passed
S S~ > UV uv~ 8.5872932568e-01 8.5872932568e-01 1.2928672533e-16 Passed
S

ummary: 5/5 passed, 0/5 failed

mg5>generate p p > uv uv~ , uv > u phiM1 , \
(uv~ > u~ phiM2 , (phiM2 > e+ ev , ev > e- phiM1))J

mg5>




Generate Signal

® 00 __ MadGraph5_v1_5_12 — Python — 80x24 ]

INFO: Please specify coupling orders to bypass this step.
| INFO: Trying coupling order WEIGHTED=1

INFO: Trying process: uv > u phiml WEIGHTED=1

INFO: Process has 1 diagrams

INFO: Checking for minimal orders which gives processes.
INFO: Please specify coupling orders to bypass this step.
INFO: Trying coupling order WEIGHTED=1

INFO: Trying process: uv~ > u~ phim2 WEIGHTED=1

INFO: Process has 1 diagrams

INFO: Checking for minimal orders which gives processes.
INFO: Please specify coupling orders to bypass this step.
INFO: Trying coupling order WEIGHTED=1

INFO: Trying process: phim2 > e+ ev WEIGHTED=1

INFO: Process has 1 diagrams

INFO: Checking for minimal orders which gives processes.
INFO: Please specify coupling orders to bypass this step.
INFO: Trying coupling order WEIGHTED=1

INFO: Trying process: ev > e- phiml WEIGHTED=1

INFO: Process has 1 diagrams

1 processes with 13 diagrams generated in 0.107 s

Total: processes with diaaram

mg5>add process p p > uv uv~ , uv > u phiMl , \

mg5> (uv~ > u~ phiM2 , (phiM2 > e- ev~ , ev~ > e+ phiM1))J}




Generate Signal

® 00 __ MadGraph5_v1_5_12 — Python — 80x24 ]

INFO: Please specify coupling orders to bypass this step.
| INFO: Trying coupling order WEIGHTED=1

INFO: Trying process: uv > u phiml WEIGHTED=1

INFO: Process has 1 diagrams

INFO: Checking for minimal orders which gives processes.
INFO: Please specify coupling orders to bypass this step.
INFO: Trying coupling order WEIGHTED=1

INFO: Trying process: uv~ > u~ phim2 WEIGHTED=1

INFO: Process has 1 diagrams

INFO: Checking for minimal orders which gives processes.
INFO: Please specify coupling orders to bypass this step.
INFO: Trying coupling order WEIGHTED=1

INFO: Trying process: phim2 > e- ev~ WEIGHTED=1

INFO: Process has 1 diagrams

INFO: Checking for minimal orders which gives processes.
INFO: Please specify coupling orders to bypass this step.
INFO: Trying coupling order WEIGHTED=1

INFO: Trying process: ev~ > e+ phiml WEIGHTED=1

INFO: Process has 1 diagrams

1 processes with 13 diagrams generated in 0.103 s

Total: processes with 26 diaaram

mg5>add process p p > uv uv~ , \

mg5> (uv > u phiM2 , (phiM2 > e+ ev , ev > e- phiM1)) \
mg5> uv~ > u~ phiMi[l




Generate Signal

® 00 __MadGraph5_v1_5_12 — Python — 80x24 ]

INFO: Process u~ u > uv uv~ added to mirror process u u~ > UV UV~
INFO: Process ¢~ ¢ > uv uv~ added to mirror process C C~ > uv uv~
INFO: Process d~ d > uv uv~ added to mirror process d d~ > uv uv~
INFO: Process s~ s > uv uv~ added to mirror process s S~ > uv uv~
INFO: Checking for minimal orders which gives processes.

INFO: Please specify coupling orders to bypass this step.

INFO: Trying coupling order WEIGHTED=1

INFO: Trying process: uv > u phim2 WEIGHTED=1

INFO: Process has 1 diagrams

INFO: Checking for minimal orders which gives processes.

INFO: Please specify coupling orders to bypass this step.

INFO: Trying coupling order WEIGHTED=1

INFO: Trying process: phim2 > e+ ev WEIGHTED=1

INFO: Process has 1 diagrams

INFO: Checking for minimal orders which gives processes.

INFO: Please specify coupling orders to bypass this step.

INFO: Trying coupling order WEIGHTED=1

INFO: Trying process: ev > e- phiml WEIGHTED=1

INFO: Process has 1 diagrams

1 processes with 12 diagrams generated in ©0.096 s

Total: processes with 38 diaaram

mg5>add process p p > uv uv~ , \

mg5> (uv > u phiM2 , (phiM2 > e- ev~ , ev~ > e+ phiM1)) \
mg5> uv~ > u~ phiMi[l




Generate Signal

® O O __MadGraph5_v1_5 12 — Python — 80x24

INFO: Trying process: s s~ > uv uv~ WEIGHTED=2
INFO: Process has 1 diagrams
INFO: Process u~ u > uv uv~ added to mirror process u u~
INFO: Process ¢~ ¢ > uv uv~ added to mirror process Cc C~
INFO: Process d~ d > uv uv~ added to mirror process d d~
INFO: Process s~ s > uv uv~ added to mirror process s s~
INFO: Checking for minimal orders which gives processes.
INFO: Please specify coupling orders to bypass this step.
INFO: Trying coupling order WEIGHTED=1
INFO: Trying process: uv > u phim2 WEIGHTED=1
INFO: Process has 1 diagrams
INFO: Checking for minimal orders which gives processes.
INFO: Please specify coupling orders to bypass this step.
INFO: Trying coupling order WEIGHTED=1
INFO: Trying process: phim2 > e- ev~ WEIGHTED=1
INFO: Process has 1 diagrams
INFO: Checking for minimal orders which gives processes.
INFO: Please specify coupling orders to bypass this step.
INFO: Trying coupling order WEIGHTED=1
INFO: Trying process: ev~ > e+ phiml WEIGHTED=1
INFO: Process has 1 diagrams

ncesses with diaorams _ogenerated in 0.093 s
Total: 4 processes with 50 diagrams
mg5>output]

VVVy

uv
uv
uv
uv

uv~
uvs
uvn
uv~



Generate Signal

® O O __ MadGraph5_v1_5_12 — Python — 80x24 "

Decay: ev~ > e+ phiml WEIGHTED=1
INFO: Finding symmetric diagrams for subprocess group ssx_uvuvx_uv_uphim2_phim2_ |
epev_ev_emphiml
History written to /Users/neil/physics/tmp/FR-tutorial/MadGraph5_v1_5_12/PROC_Ta
ipei-FR-MG-2013_UF0_0/Cards/proc_card_mg5.dat
Generated helas calls for 20 subprocesses (36 diagrams) in 0.416 s
Wrote files for 292 helas calls in 0.693 s
Export UFO model to MG4 format
ALOHA: aloha creates FFS1 routines
ALOHA: aloha creates FFS3 routines
ALOHA: aloha creates FFV1 routines
ALOHA: aloha creates VVV1 routines
save configuration file to /Users/neil/physics/tmp/FR-tutorial/MadGraph5_v1_5_12
/PROC_Taipei-FR-MG-2013_UF0_0/Cards/me5_configuration.txt
INFO: Use Fortran compiler gfortran
INFO: Generate jpeg diagrams
INFO: Generate web pages
Output to directory /Users/neil/physics/tmp/FR-tutorial/MadGraph5_v1_5_12/PROC_T
aipei-FR-MG-2013_UF0_O done.
Type "launch" to generate events from this process, or see
/Users/neil/physics/tmp/FR-tutorial/MadGraph5_v1_5_12/PROC_Taipei-FR-MG-2013_UFO
_0/README
Run_"onen_index.html" to see more information about this process.

' mg5>launchfi )




Generate Signal

® O O __MadGraph5_v1_5 12 — Python — 80x24 e
* *

| X Type 'help' for in-1line help. %
* *

sk sk sk ke ok sk ke ok sk ok sk ok sk ok sk sk ok sk ok ok sk ok sk ok sk sk ok sk ok ok sk ok ok sk sk ok sk ok ok sk ok ok sk ok ok sk ok sk sk ok ok sk ok kK
load configuration from /Users/neil/physics/tmp/FR-tutorial/MadGraph5_v1_5_12/PR
0C_Taipei-FR-MG-2013_UF0_0/Cards/me5_configuration. txt

load configuration from /Users/neil/physics/tmp/FR-tutorial/MadGraph5_v1_5_12/in
put/mg5_configuration.txt

load configuration from /Users/neil/physics/tmp/FR-tutorial/MadGraph5_v1_5_12/PR
0C_Taipei-FR-MG-2013_UF0_0/Cards/me5_configuration. txt

Using default text editor "vi". Set another one in ./input/mg5_configuration.txt
generate_events run_01

Will run in mode parton

D edit one cards (press enter to bypass editing)?
1 1 / param } param_card.dat (be carefull about parameter consistency, especia
2 / run : run_card.dat
you can also
- enter the path to a valid card or banner.
- use the 'set' command to modify a parameter directly.
The set option works only for param_card and run_card.

Type 'help set' for more information on this command.
done, 1, param, 2, run, enter path] [60s to answer]




Generate Signal

®00 __ MadGraph5_v1_5 12 — vim — 80x24 e

3 1.010000e-01 # yms
4 1.270000e+00 # ymc
5 4.700000e+00 # ymb
6 1.720000e+02 # ymt
11 5.110000e-04 # yme
13 1.056600e-01 # ymm
15 1.777000e+00 # ymtau

HHBHBHBRBRHH BRI BRI BHBRAH
## INFORMATION FOR DECAY
e
DECAY 6 1.466877e+00 # WT

DECAY 23 2.411596e+00 # WZ

DECAY 24 2.002524e+00 # WW

DECAY 25 5.8
DECAY 9000006/ auto # Wuv
DECAY 9000007 auto # Wev
DECAY 9000008| 0.000000e+00
DECAY 9000009 auto['# WphiM2

WphiM1

## Dependent parameters, given by model restrictions.

## Those values should be edited following the

## analytical expression. MG5 ignores those values

## but they are important for interfacing the output of MG5
—= INSERT --




Generate Signal

WSS — ~__MadGraph5_v1 5_12 — Python — 80x24 "

>1

open /Users/neil/physics/tmp/FR-tutorial/MadGraph5_v1_5_12/PROC_Taipei-FR-MG-201
3_UFO_@/Cards/param_card.dat

Computing the width set on auto i1n the param_card.dat

Be carefull automatic computation of the width is

ONLY valid if all three (or more) body decay are negligeable. In doubt use a
calculator.

I 0 Jture—version—e e YOSE=NEEE ; R e et —
INFO: load particle

INFO: load vertices

INFO: The model has interaction violating the charge: Y

Results written to /Users/neil/physics/tmp/FR-tutorial/MadGraph5_v1_5_12/PROC_Ta
ipei-FR-MG-2013_UF0_0/Cards/param_card.dat

Do you want to edit one cards (press enter to bypass editing)?

1 / param : param_card.dat (be carefull about parameter consistency, especia
1ly widths)
2 / run : run_card.dat

you can also

- enter the path to a valid card or banner.

- use the 'set' command to modify a parameter directly.
The set option works only for param_card and run_card.
Type 'help set' for more information on this command.
done, 1, param, 2, run, enter path] [60s to answer]




® 006

Generate Signal

Online Event Generation

oN
rl:

4 > ||| [ 2] | O file://Users/neil /physics /tmp/FR-tutorial /MadGraph5_v1_5_12/PROC_Taipei-FR-MG ¢

&o [T

Home Apple Yahoo! Google

News ¥ Jobs ¥

Social ¥ Finite Simple Groups Buses

HTML ¥

»

=

Results in the Taipei-FR-MG-2013_UFO for p p > uv uv~, uv > u phiM1 ,\,

P p > uv uv~,uv > u phiMl , ...

Available Results
Run Collider Banner|Cross section (pb)|Events| Data |Output Action
run 01,0 BB o vltag 1 | 18570006 |10000 parton|LHE || remove run |  aunch pythia
Main Page

Signal Events




Web Validation

® 00 Taipei-FR-MG-2013 e

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

) MEG Model Files & Validations
|| Massless

Restriction File(s) : Massless.rst
Parameter File

CH W02
v v v
| Dwnid |  Dwnld

Validations
| Remove | Scalar 0/0 processes finished

| Create New Validation |

| Create New MEG Model Files |




Web Validation

®00 Taipei-FR-MG-2013 .
| € feynrules.irmp.ucl.ac.be/validation/author/model?id=251 ¢ | Reader | "

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

| MEG Model Files & Validations
| Massless | Rmv |
Restriction File(s) : Massless.rst
Parameter File :
CH W02

Vv LA 4 Vv

| Dwnld | | Dwnid | | Dwnid |
Validations

| Remove | Scalar 0/0 processes finished

| Create New Validation |

| Create New MEG Model Files |




Web Validation

®00 Taipei-FR-MG-2013 .
| € feynrules.irmp.ucl.ac.be/validation/author/model?id=251 ¢ | Reader | "

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

) MEG Model Files & Validations
| Massless | Rmv |

Restriction File(s) : Massless.rst
Parameter File :
CH MGS5 W02

Vv Vv Vv
| Dwnid | | Dwnld |
tions
Remove'| Scalar 0J0 processes finished

| Create New Validation |

| Create New MEG Model Files |




Web Validation

@00 Taipei-FR-MG-2013 : Scalar &
| @ feynrules.irmp.ucl.ac.be/validation/author/validation?vdtnid=430;start=0 ¢ | Reader | "

Scalar

Taipei-FR-MG-2013
Neil Christensen

Restriction & Parameter Files

Process Restrictions

Feynman Diagram Calculators

Stock Models

| Start Fresh Validations | | Finish Validations |

411/411 sses finished

LL=0.0 for -1 degrees of freedom.
The probability of this being a statistical fluctuation is 100.0%.



Web Validation

@006 Taipei-FR-MG-2013 : Scalar "

Feynman Diagram Calculators

Stock Models

| Start Fresh Validations | | Finish Validations |

411/411 processes finished

LL=0.0 for -1 degrees of freedom.
The probability of this being a statistical fluctuation is 100.0%.

VSPTcut Best X2




Web Validation

@006 Taipei-FR-MG-2013 : Scalar "

Taipei-FR-MG-2013
Neil Christensen

Restriction & Parameter Files

Feynman Diagram Calculators
(O CalcHEP (Feynman gauge) (O MadGraphS (Feynman gauge) () Whizard2 (Feynman gauge)
O CalcHEP (unitary gauge) ) MadGraphS (unitary gauge) () Whizard2 (unitary gauge)

| Check All | | Check None |

Stock Models

| Start Fresh Validations | | Finish Validations |

411/411 processes finished

L |




Web Validation

@00 Taipei-FR-MG-2013 : Scalar "

Taipei-FR-MG-2013
Neil Christensen

Restriction & Parameter Files

Process Restrictions

O CalcHEP (Feynman gauge) o MadGraphS (Feynman gauge)Y (O Whizard2 (Feynman gauge)

() CalcHEP (unitary gauge) \@ MadGraphS (unitary gauge) ) Whizard2 (unitary gauge)
|' C;lzk All | | Check None |

Stock Models

| Start Fresh Validations | | Finish Validations |

411/411 processes finished

L |




Web Validation

® OO0 Taipei-FR-MG-2013 : Scalar "
|ea> | D) | @ feynrules.irmp.ucl.ac.be/validation/author/validation?vdtnld=430;start=0 ¢ | Reader 1| O 1

MNUUgIC INCYWwo - Iuo o SULlial - AL LAY 2 FUMp LDuoSto

Scalar

Taipei-FR-MG-2013
Neil Christensen

Restriction & Parameter Files

Process Restrictions

Feynman Diagram Calculators

O CalcHEP (Feynman gauge) o MadGraphS (Feynman gauge) () Whizard2 (Feynman gauge)
O CalcHEDP (unitary gauge) o MadGraphS (unitary gauge) ) Whizard2 (unitary gauge)

| Check All | | Check None |

Stock Models

| Start Fresh Validations | § Finish Validations |

\

411/411 processes finished

L |



Web Validation

@00 Taipei-FR-MG-2013 : Scalar &
| @ feynrules.irmp.ucl.ac.be/validation/author/validation?vdtnid=430;start=0 ¢ | Reader | "

Scalar

Taipei-FR-MG-2013
Neil Christensen

Restriction & Parameter Files

Process Restrictions

Feynman Diagram Calculators

Stock Models

| Stop Validations |

0/411 processes finished

LL=0.0 for 1 degrees of freedom.
The probability of this being a statistical fluctuation is 100.0%.




Web Validation

Taipei-FR-MG-2013 : Scalar

Taipei-FR-HG-2013

chi~2
Scalar
Chi”~2

w——

1
Chin2

LL=2 4 for 3 degrees of freedom.

The probability of this being a statistical fluctuationis ~ 49.36 %.

) R ac \/ 10 \/ 2

H 10360 2590 3.679E-05 3.669E-05 3.690E-05 9.7E-01

H
H
H
H

845.0 211.25 1.231E+00 1.232E+00 1.229E+00 1.1E-01
18560 4640 6.350E-02 6.356E-02 6.345E-02 8.9E-02
16900 4225 2495E-01 2.500E-01 2490E-01 7.7E-02

960.0 240.0 0.000E+00 0.000E+00 0.000E+00 0.0E+00




Web Validation

Taipei-FR-MG-2013 : Scalar '

Taipei-FR-HG-2013

chi~2
Scalar
Chi”~2

w——

1
Chin2

LL=2 4 for 3 degrees of freedom.
The probability of this being a statistical fluctuation is ‘ 49.36  %. >

Vs Prcat Best MG5(F) MG5@u) X2
1036.0 259.0 3.679E-05 3.669E-05 3.690E-05 9.7E-01
988.0 2470 5.152E-05 5.141E-05 5.162E-05 5.1E-01
845.0 21125 1.231E+00 1.232E+00 1.229E+00 1.1E-01
1856.0 4640 6.350E-02 6.356E-02 6.345E-02 8.9E-02
1690.0 422.5 2.495E-01 2.500E-01 2.490E-01 7.7E-02
960.0 240.0 0.000E+00 0.000E+00 0.000E+00 0.0E+00




Web Validation

® 00 Taipei-FR-MG-2013 : Scalar "

‘; 290/411 processes finished }

Taipei-FR-HG-2013

chi”2 —
Scalar
Chi~2

Chin2

LL=7.1 for 8 degrees of freedom.
The probability of this being a statistical fluctuation is 5259 4.

Vs  PTeut Best MG5(F) MG5u) X2
8450 21125 7.080E-01 7.015E-01 7.147E-01 6.5E+00
15990 399.75 1.510E-01 1.484E-01 1.537E-01 5.7E+00

22210 55525 4.237E-01 4.261E-01 4.214E-01 3.9E+00
8450 211.25 6.235E-01 6.189E-01 6.278E-01 3.7E+00

Savdtnld=430" in a nev




Web Validation

® 00 Taipei-FR-MG-2013 : Scalar "

290/411 processes finished

Taipei-FR-HG-2013

chi”2 —
Scalar
Chi~2

Chin2

LL=7.1 for 8 degrees of freedom.
The probability of this being a statistical fluctuation is 5259 4.

Vs Prcut Best MG5(F) MG5m) X2
8450 21125 7.080E-01 7.015E-01 7.147E-01 6.5E+00
1599.0 399.75 1.510E-01 1484E-01 1.537E-01 5.7E+00
22210 55525 4237E-01 4261E-01 4214E-01 3.9E+00
8450 21125 6235E-01 6.189E-01 6.278E-01 3.7E+00

Savdtnld=430" in a nev




Web Validation

® 00 Taipei-FR-MG-2013 : Scalar "

" 411/411 processes finished >

Taipei-FR-HG-2013

chi”2 —
Scalar
chi”~2

Chi”2

LL=5.5 for 8 degrees of freedom.
The probability of this being a statistical fluctuation is 70.3526451428%.

Vs Prcut Best MG5(F) MG5m) X2
8450 21125 7.080E-01 7.015E-01 7.147E-01 6.5E+00
1599.0 399.75 1.510E-01 1.484E-01 1.537E-01 5.7E+00
22210 55525 4237E-01 4261E-01 4214E-01 3.9E+00
8450 21125 6235E-01 6.189E-01 6.278E-01 3.7E+00




Web Validation

® 00 Taipei-FR-MG-2013 : Scalar "

411/411 processes finished

Taipei-FR-HG-2013

chi”2 —
Scalar
chi”~2

Chi”2

LL=5.5 for 8 degrees of freedom.
The probability of this being a statistical fluctuation 1s‘ 70.3526451428%. ’

Vs Prcut Best MG5(F) MG5m) X2
H 8450 21125 7.080E-01 7.015E-01 7.147E-01 6.5E+00
H 15990 399.75 1.510E-01 1.484E-01 1.537E-01 5.7E+00
H 22210 55525 4237E-01 4261E-01 4214E-01 3.9E+00
H 8450 21125 6235E-01 6.189E-01 6.278E-01 3.7E+00




Web Validation

®00 Taipei-FR-MG-2013 .
| € feynrules.irmp.ucl.ac.be/validation/author/model?id=252 ¢ | Reader | "

Taipei-FR-MG-2013

Neil Christensen

FeynRules Model Files

) MEG Model Files & Validations
| Massless | Rmv |

Restriction File(s) : Massless.rst
Parameter File :
CH MGS5 W02

Vv Vv Vv
| Dwnld | ' Dwnlid |
Validations
| Remove | Scalar 411/411 processes finished

| Create New Validation |

| Create New MEG Model Files |




Web Validation

® OO0 Taipei-FR-MG-2013 : Validation "
_ ray o @ feynrules.irmp.ucl.ac.be/validation/author/newValidation?RPcombold=517 ¢ | Reader [ 1€

Taipei-FR-MG-2013

Neil Christensen

Validation Nam{: all (MG)| ’

Compare : [ integrated cross section or partial width

Process type : | 22

Massless

Restriction File(s) : Massless.rst
Parameter File

CH
Vv Vv

Restrictions




Web Validation

G O 0O Taipei-FR-MG-2013 : all (MC) '."
| @ feynrules.irmp.ucl.ac.be/validation/author/validation?vdtnld=432;start=0 ¢ | Reader. | "

all MG)

Taipei-FR-MG-2013
Neil Christensen

Restriction & Parameter Files

Process Restrictions

Feynman Diagram Calculators

Stock Models

/ : Generating Processes ’
S - 0/0 processes finished

LL=0.0 for O degrees of freedom.
The probability of this being a statistical fluctuation is 100.0%.



Web Validation

G O 0O Taipei-FR-MG-2013 : all (MC) '."
| @ feynrules.irmp.ucl.ac.be/validation/author/validation?vdtnld=432;start=0 ¢ | Reader. | "

all MG)

Taipei-FR-MG-2013
Neil Christensen

Restriction & Parameter Files

Process Restrictions

Feynman Diagram Calculators

Stock Models

| Start Fresh Validations | | Finish Validations |

“ 999/999 processes finished >

LL=0.0 for O degrees of freedom.
The probability of this being a statistical fluctuation is 100.0%.



Web Validation

G O 0O Taipei-FR-MG-2013 : all (MC) '."
| @ feynrules.irmp.ucl.ac.be/validation/author/validation?vdtnld=432;start=0 ¢ | Reader. | "

Taipei-FR-MG-2013
Neil Christensen

Restriction & Parameter Files

Process Restrictions

Feynman Diagram Calculators

O CalcHEP (Feynman gauge) (4 MadGraphS (Feynman gauge)\ () Whizard2 (Feynman gauge)

O CalcHEDP (unitary gauge) @ MadGraphS (unitary gauge) () Whizard2 (unitary gauge)

| Check All | | Check None |

Stock Models

| Start Fresh Validations | | Finish Validations |

999/999 processes finished

L |



Web Validation

G O 0O Taipei-FR-MG-2013 : all (MC) '."
| @ feynrules.irmp.ucl.ac.be/validation/author/validation?vdtnld=432;start=0 ¢ | Reader. | "

Taipei-FR-MG-2013
Neil Christensen

Restriction & Parameter Files

Process Restrictions

Feynman Diagram Calculators

O CalcHEP (Feynman gauge) o MadGraphS (Feynman gauge) () Whizard2 (Feynman gauge)
O CalcHEDP (unitary gauge) o MadGraphS (unitary gauge) () Whizard2 (unitary gauge)

| Check All | | Check None |

Stock Models

| Start Fresh Validations | J Finish Validations |

999/999 processes finished

L |



Web Validation

® 00 Taipei-FR-MG-2013 : all (MG) "

30/999 processes finished

AN

Taipei-FR-HG-2013

"~ chi~2
all {HG) —— |
chi~2

T

8.2 8.4 8.6 6.8
Chi~2

LL=6.2 for 6 degrees of freedom.
The probability of this being a statistical fluctuation is 40.0761347349%.

Vs Prcat Best MG5(F) MG5@m) X2
a,a—> W+, W- 6390 15975 1.642E+01 1.634E+01 1.654E+01 9.1E-01
a,a— d , d~ 8000 2000 3.055E-02 3.061E-02 3.048E-02 6.1E-01
a,a— ta- , ta+ 8000 2000 8273E-01 8260E-01 8.289E-01 4.3E-01
a,a—> t , t~ 13760 3440 1.567E-01 1.565E-01 1.570E-01 4.1E-01

[I- . . 5 ~ *IATANA ATANWA AWiA hs i 2




Web Validation

® 00 Taipei-FR-MG-2013 : all (MG) "

Taipei-FR-HG-2013

chi®2 —
all (HG) —— ]
chi~2

Pl 1

2 3 4 5 6 7 8 9
Chi~2

LL=26.0 for 29 degrees of freedom.
The probability of this being a statistical fluctuation is 62.5641141134%.

Vs Preat Best MG5(F) MG5@m) X2
u , u~ = ev ev~ 24000 6000 1.858E-03 1.880E-03 1.845E-03 8.1E+00
e- , e — e e- 8000 2000 8.882E+00 8.797E+00 8.953E+00 7.4E+00
Z ,H —- ev ev~ 32450 81125 1.308E-03 1.321E-03 1.295E-03 7.0E+00
vm ,mu+ - t , b~ 7070 176.75 5.073E-01 5.043E-01 5.103E-01 5.9E+00




Web Validation

Taipei-FR-MG-2013 : all (MG)

999/999 processes finished

Taipei-FR-HG-2013

chi®2 —
all (HG) —— ]
chi~2

Pl 1

2 3 4 5 6 7 8 9
Chi~2

LL=26.0 for 29 degrees of freedo
The probability of this being a statistical fluctuation Ei 62.5641141134%. >

Vs Preat Best MG5(F) MG5@m) X2
u , u~ = ev ev~ 24000 6000 1.858E-03 1.880E-03 1.845E-03 8.1E+00
e- , e — e e- 8000 2000 8.882E+00 8.797E+00 8.953E+00 7.4E+00
Z ,H —- ev ev~ 32450 81125 1.308E-03 1.321E-03 1.295E-03 7.0E+00
vm ,mu+ - t , b~ 7070 176.75 5.073E-01 5.043E-01 5.103E-01 5.9E+00




