
FeynRules→MadGraph
Tutorial

Neil Christensen
PITTsburgh Particle physics, Astrophysics and Cosmology Center (PITT PACC)



The Model

+SM

Field Spin SU(3)QCD SU(2)W U(1)Y Z2

�i 0 1 1 0 -1
U 1 3 1 2/3 -1
E 1 1 1 -1 -1

Lsq =
1

2
@µ�i@

µ�i �
1

2
M�ij�i�j
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SM Singlet
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Not necessarily diagonal
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Gauge covariant derivative
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Singlet Term
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Lyuk = �i�iŪPRu+ �0
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E ev/ev⇠ ME Mev �E Wev
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iUSij�jĒPRe+ h.c.

Field Spin Mass Width SU(3)QCD SU(2)W U(1)Y Z2

�i 0 Mi �i 1 1 0 -1
U 1 MU �U 3 1 2/3 -1
E 1 ME �E 1 1 -1 -1

1

The ModelField Spin SU(3)QCD SU(2)W U(1)Y Z2

�i 0 1 1 0 -1
U 1 3 1 2/3 -1
E 1 1 1 -1 -1

Lsq =
1

2
@µ�i@

µ�i �
1

2
M�ij�i�j
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Lyuk = �i�iUPRu+ �0
i�iEPRe+ h.c.

Field Spin Mass Width SU(3)QCD SU(2)W U(1)Y Z2

�i 0 Mi �i 1 1 0 -1
U 1 MU �U 3 1 2/3 -1
E 1 ME �E 1 1 -1 -1

1

Field Spin SU(3)QCD SU(2)W U(1)Y Z2

�i 0 1 1 0 -1
U 1 3 1 2/3 -1
E 1 1 1 -1 -1

Lsq =
1

2
@µ�i@

µ�i �
1

2
M�ij�i�j
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Lyuk = �i�iUPRu+ �0
i�iEPRe+ h.c.

Field Spin Mass Width SU(3)QCD SU(2)W U(1)Y Z2

�i 0 Mi �i 1 1 0 -1
U 1 MU �U 3 1 2/3 -1
E 1 ME �E 1 1 -1 -1

1

Field Spin SU(3)QCD SU(2)W U(1)Y Z2

�i 0 1 1 0 -1
U 1 3 1 2/3 -1
E 1 1 1 -1 -1

Lsq =
1

2
@µ�i@

µ�i �
1

2
M�ij�i�j
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Lyuk = �i�iŪPRu+ �0
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Lyuk = �i�iUPRu+ �0
i�iEPRe+ h.c.

Field Spin Mass Width SU(3)QCD SU(2)W U(1)Y Z2

�i 0 Mi �i 1 1 0 -1
U 1 MU �U 3 1 2/3 -1
E 1 ME �E 1 1 -1 -1

1

Field Spin SU(3)QCD SU(2)W U(1)Y Z2

�i 0 1 1 0 -1
U 1 3 1 2/3 -1
E 1 1 1 -1 -1

Lsq =
1

2
@µ�i@

µ�i �
1

2
M�ij�i�j
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Lyuk = �i�iUPRu+ �0
i�iEPRe+ h.c.

Field Spin Mass Width SU(3)QCD SU(2)W U(1)Y Z2

�i 0 Mi �i 1 1 0 -1
U 1 MU �U 3 1 2/3 -1
E 1 ME �E 1 1 -1 -1

1

Field Spin SU(3)QCD SU(2)W U(1)Y Z2

�i 0 1 1 0 -1
U 1 3 1 2/3 -1
E 1 1 1 -1 -1

Lsq =
1

2
@µ�i@

µ�i �
1

2
M�ij�i�j
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Lyuk = �i�iŪPRu+ �0
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Lyuk = �i�iŪPRu+ �0
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Lyuk = �i�iŪPRu+ �0
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i�iĒPRe+ h.c.

Field Spin Mass Width SU(3)QCD SU(2)W U(1)Y Z2

�i 0 Mi �i 1 1 0 -1
U 1 MU �U 3 1 2/3 -1
E 1 ME �E 1 1 -1 -1

1

Field Spin SU(3)QCD SU(2)W U(1)Y Z2

�i 0 1 1 0 -1
U 1 3 1 2/3 -1
E 1 1 1 -1 -1

Lsq =
1

2
@µ�i@

µ�i �
1

2
M�ij�i�j
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Lyuk = �i�iŪPRu+ �0
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�1 �2

e� e+

¯E

pp ! jje+e� +missing

1

Field Spin SU(3)

QCD

SU(2)

W

U(1)

Y

Z2

�i 0 1 1 0 -1

U 1 3 1 2/3 -1

E 1 1 1 -1 -1

Lsq =

1

2

@µ�i@
µ�i �

1

2

M�ij�i�j

Lfq = i ¯U /DU �MU
¯UU + i ¯E /DE �ME

¯EE

Lyuk = �i�i
¯UPRu+ �0

i�i
¯EPRe+ h.c.

�i = USij�j

US =

✓
cos↵ sin↵
� sin↵ cos↵

◆

=

1

2

@µ�i@
µ
�i �

1

2

M�i�i�j

= �iUSij�j
¯UPRu+ �0

iUSij�j
¯EPRe+ h.c.

Symbol FR Symbol FR Symbol FR

�i phiT[i] sin↵ sina cos↵ cosa

�i phiMi M�i MphiMi ��i WphiMi

U uv/uv⇠ MU Muv �U Wuv

E ev/ev⇠ ME Mev �E Wev

�i lambdai �0
i lambdapi M�ij MassM[i,j]

MU > M�2 > ME > M�1

p

u ū
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�1 �2

e� e+

¯E

pp ! jje+e� +missing

1



The Implementation

Field Spin SU(3)

QCD

SU(2)

W

U(1)

Y

Z2

�i 0 1 1 0 -1

U 1 3 1 2/3 -1

E 1 1 1 -1 -1

Lsq =

1

2

@µ�i@
µ�i �

1

2

M�ij�i�j

Lfq = i ¯U /DU �MU
¯UU + i ¯E /DE �ME

¯EE

Lyuk = �i�i
¯UPRu+ �0

i�i
¯EPRe+ h.c.

�i = USij�j

US =

✓
cos↵ sin↵
� sin↵ cos↵

◆

=

1

2

@µ�i@
µ
�i �

1

2

M�i�i�j

= �iUSij�j
¯UPRu+ �0

iUSij�j
¯EPRe+ h.c.

Symbol FR Symbol FR Symbol FR

�i phiT[i] sin↵ sina cos↵ cosa

�i phiMi M�i MphiMi ��i WphiMi

U uv/uv⇠ MU Muv �U Wuv

E ev/ev⇠ ME Mev �E Wev

�i lambdai �0
i lambdapi M�ij MassM[i,j]

MU > M�2 > ME > M�1

p

u ū
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If you have problems at 
this stage, comment 
out lines of BSM.fr 
until you find the 
problem and fix it.
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Warning about
possible non-
conservation.

But, these 
vertices are ok.
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These are the 
vertices FR 
warned us 

about.
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Note that there 
is a projection 
operator: PR.

Run FeynRules



Only eR and uR 
are involved.  

These vertices 
do conserve Y.
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�1 �2

e� e+

¯E

pp ! jje+e� +missing

1

Field Spin SU(3)

QCD

SU(2)

W

U(1)

Y

Z2

�i 0 1 1 0 -1

U 1 3 1 2/3 -1

E 1 1 1 -1 -1

Lsq =

1

2

@µ�i@
µ�i �

1

2

M�ij�i�j

Lfq = i ¯U /DU �MU
¯UU + i ¯E /DE �ME

¯EE

Lyuk = �i�i
¯UPRu+ �0

i�i
¯EPRe+ h.c.

�i = USij�j

US =

✓
cos↵ sin↵
� sin↵ cos↵

◆

=

1

2

@µ�i@
µ
�i �

1

2

M�i�i�j

= �iUSij�j
¯UPRu+ �0

iUSij�j
¯EPRe+ h.c.

Symbol FR Symbol FR Symbol FR

�i phiT[i] sin↵ sina cos↵ cosa

�i phiMi M�i MphiMi ��i WphiMi

U uv/uv⇠ MU Muv �U Wuv

E ev/ev⇠ ME Mev �E Wev

�i lambdai �0
i lambdapi M�ij MassM[i,j]

MU > M�2 > ME > M�1

p

u ū
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MphiM1

Run FeynRules



MphiM2
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sina

Run FeynRules



Solve for 
MassM
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Trig Identities
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We want the 
2nd solution
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The Implementation

Paste 
Definitions
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Don’t forget to 
quit the kernel 

before restarting.
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Load Model

Check Hermiticity

Run FeynRules



FeynmanRules

Run FeynRules



phiT expanded in 
terms of phiM!
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Check that the 
mass terms are 

diagonalized
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Try with a different 
value of sina.
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uv partial width
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Write UFO Files
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Import UFO → MG5

Recursively copy 
the UFO model 
file directory to
the MG5 models 

directory.
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