
A SMEFT interaction vertices

A.1 Lepton–gauge vertices
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)3/2

δf1f2C
ϕWBγµ3

νf1

ef2

W+
µ3

− iḡ√
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δf1f2C

ϕWBγµ3γ5

+
1

2
iv2

√
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A.5 Quark-gluon vertices
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(ηµ1µ2

pµ3

1
− ηµ1µ2

pµ3

2
− ηµ1µ3

pµ2

1
+ ηµ1µ3

pµ2

3
+ ηµ2µ3

pµ1

2

− ηµ2µ3
pµ1

3
) +
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+ ḡ′
2
ηµ1µ2

pµ3

1
− ḡ′
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ḡ2 + ḡ′2
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iḡ2ḡ′2v2

(
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2iḡ3ḡ′3v2
(
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1

− 2ηµ1µ3
ηµ2µ5

pµ4

2
+ ηµ1µ3

ηµ2µ5
pµ4

3
− ηµ1µ4

ηµ2µ5
pµ3

1

+ ηµ1µ4
ηµ2µ5

pµ3

2
+ 2ηµ1µ2

ηµ3µ4
pµ5

3
+ ηµ1µ5

ηµ3µ4
pµ2

1

− ηµ1µ5
ηµ3µ4

pµ2

3
+ ηµ2µ5

ηµ3µ4
pµ1

2
− ηµ2µ5

ηµ3µ4
pµ1

3

+ (2ηµ1µ4
ηµ2µ3

− ηµ1µ3
ηµ2µ4

− ηµ1µ2
ηµ3µ4

) pµ5

1

− (ηµ1µ4
ηµ2µ3

− 2ηµ1µ3
ηµ2µ4

+ ηµ1µ2
ηµ3µ4

) pµ5

2
+ ηµ1µ2

ηµ3µ5
pµ4

1

+ ηµ1µ2
ηµ3µ5

pµ4

2
− 2ηµ1µ2

ηµ3µ5
pµ4

3
− ηµ1µ4

ηµ3µ5
pµ2

1

+ ηµ1µ4
ηµ3µ5

pµ2

3
− ηµ2µ4

ηµ3µ5
pµ1

2
+ ηµ2µ4

ηµ3µ5
pµ1

3
)

A0
µ1

A0
µ2

W+
µ3

W−

µ4

Z0
µ5

+
6iḡ3ḡ′2

(

ḡ2 + ḡ′2
)3/2

CW (ηµ1µ5
ηµ2µ3

(−pµ4

1
) + 2ηµ1µ5

ηµ2µ3
pµ4

2

− ηµ1µ5
ηµ2µ3

pµ4

5
− ηµ4µ5

ηµ2µ3
pµ1

2
+ ηµ4µ5

ηµ2µ3
pµ1

5

+ ηµ1µ5
ηµ2µ4

pµ3

1
− 2ηµ1µ5

ηµ2µ4
pµ3

2
+ ηµ1µ5

ηµ2µ4
pµ3

5

+(ηµ1µ4
ηµ2µ3

−ηµ1µ3
ηµ2µ4

) pµ5

1
+(ηµ1µ3

ηµ2µ4
−ηµ1µ4

ηµ2µ3
) pµ5

2

+ 2ηµ1µ3
ηµ2µ5

pµ4

1
− ηµ1µ3

ηµ2µ5
pµ4

2
− ηµ1µ3

ηµ2µ5
pµ4

5

− 2ηµ1µ4
ηµ2µ5

pµ3

1
+ ηµ1µ4

ηµ2µ5
pµ3

2
+ ηµ1µ4

ηµ2µ5
pµ3

5

− ηµ1µ2
ηµ3µ5

pµ4

1
− ηµ1µ2

ηµ3µ5
pµ4

2
+ 2ηµ1µ2

ηµ3µ5
pµ4

5

+ ηµ1µ4
ηµ3µ5

pµ2

1
− ηµ1µ4

ηµ3µ5
pµ2

5
+ ηµ2µ4

ηµ3µ5
pµ1

2

− ηµ2µ4
ηµ3µ5

pµ1

5
+ ηµ1µ2

ηµ4µ5
pµ3

1
+ ηµ1µ2

ηµ4µ5
pµ3

2

− 2ηµ1µ2
ηµ4µ5

pµ3

5
− ηµ1µ3

ηµ4µ5
pµ2

1
+ ηµ1µ3

ηµ4µ5
pµ2

5
)

11



A0
µ1

W+
µ2

W+
µ3

W−

µ4

W−

µ5

+
6iḡ2ḡ′

√

ḡ2 + ḡ′2
CW (−2pµ5

4
ηµ1µ4

ηµ2µ3
+ pµ4

2
ηµ1µ5

ηµ2µ3

+ pµ4

3
ηµ1µ5

ηµ2µ3
− 2pµ4

5
ηµ1µ5

ηµ2µ3
− 2pµ1

2
ηµ4µ5

ηµ2µ3

− 2pµ1

3
ηµ4µ5

ηµ2µ3
+ 2pµ1

4
ηµ4µ5

ηµ2µ3
+ 2pµ1

5
ηµ4µ5

ηµ2µ3

+ pµ5

4
ηµ1µ3

ηµ2µ4
− pµ3

2
ηµ1µ5

ηµ2µ4
+ pµ3

5
ηµ1µ5

ηµ2µ4

+ pµ5

3
(ηµ1µ4

ηµ2µ3
− ηµ1µ3

ηµ2µ4
)− pµ4

3
ηµ1µ3

ηµ2µ5

+ pµ4

5
ηµ1µ3

ηµ2µ5
− pµ3

2
ηµ1µ4

ηµ2µ5
+ pµ3

4
ηµ1µ4

ηµ2µ5

+ pµ5

4
ηµ1µ2

ηµ3µ4
− pµ2

3
ηµ1µ5

ηµ3µ4
+ pµ2

5
ηµ1µ5

ηµ3µ4

+ pµ1

2
ηµ2µ5

ηµ3µ4
+ pµ1

3
ηµ2µ5

ηµ3µ4
− pµ1

4
ηµ2µ5

ηµ3µ4

− pµ1

5
ηµ2µ5

ηµ3µ4
+ pµ5

2
(ηµ1µ4

ηµ2µ3
− ηµ1µ2

ηµ3µ4
)

− pµ4

2
ηµ1µ2

ηµ3µ5
+ pµ4

5
ηµ1µ2

ηµ3µ5
− pµ2

3
ηµ1µ4

ηµ3µ5

+ pµ2

4
ηµ1µ4

ηµ3µ5
+ pµ1

2
ηµ2µ4

ηµ3µ5
+ pµ1

3
ηµ2µ4

ηµ3µ5

− pµ1

4
ηµ2µ4

ηµ3µ5
− pµ1

5
ηµ2µ4

ηµ3µ5
+ 2pµ3

2
ηµ1µ2

ηµ4µ5

− pµ3

4
ηµ1µ2

ηµ4µ5
− pµ3

5
ηµ1µ2

ηµ4µ5
+ 2pµ2

3
ηµ1µ3

ηµ4µ5

− pµ2

4
ηµ1µ3

ηµ4µ5
− pµ2

5
ηµ1µ3

ηµ4µ5
)

A0
µ1

W+
µ2

W−

µ3

Z0
µ4

Z0
µ5

+
6iḡ4ḡ′

(

ḡ2 + ḡ′2
)3/2

CW (ηµ1µ5
ηµ2µ4

(−pµ3

1
) + 2ηµ1µ5

ηµ2µ4
pµ3

4

− ηµ1µ5
ηµ2µ4

pµ3

5
− ηµ3µ5

ηµ2µ4
pµ1

4
+ ηµ3µ5

ηµ2µ4
pµ1

5

+ ηµ1µ3
ηµ2µ5

pµ4

1
− ηµ1µ3

ηµ2µ5
pµ4

5
− ηµ1µ4

ηµ2µ5
pµ3

1

− ηµ1µ4
ηµ2µ5

pµ3

4
+ 2ηµ1µ4

ηµ2µ5
pµ3

5
+ ηµ1µ5

ηµ3µ4
pµ2

1

− 2ηµ1µ5
ηµ3µ4

pµ2

4
+ ηµ1µ5

ηµ3µ4
pµ2

5
+ ηµ2µ5

ηµ3µ4
pµ1

4

− ηµ2µ5
ηµ3µ4

pµ1

5
+ (ηµ1µ3

ηµ2µ4
− ηµ1µ2

ηµ3µ4
) pµ5

1

+(ηµ1µ2
ηµ3µ4

−ηµ1µ3
ηµ2µ4

) pµ5

4
−ηµ1µ2

ηµ3µ5
pµ4

1
+ηµ1µ2

ηµ3µ5
pµ4

5

+ ηµ1µ4
ηµ3µ5

pµ2

1
+ ηµ1µ4

ηµ3µ5
pµ2

4
− 2ηµ1µ4

ηµ3µ5
pµ2

5

+ 2ηµ1µ2
ηµ4µ5

pµ3

1
− ηµ1µ2

ηµ4µ5
pµ3

4
− ηµ1µ2

ηµ4µ5
pµ3

5

− 2ηµ1µ3
ηµ4µ5

pµ2

1
+ ηµ1µ3

ηµ4µ5
pµ2

4
+ ηµ1µ3

ηµ4µ5
pµ2

5
)

W+
µ1

W+
µ2

W−

µ3

W−

µ4

Z0
µ5

+
6iḡ3

√

ḡ2 + ḡ′2
CW (−pµ5

3
ηµ1µ4

ηµ2µ3
− pµ5

4
ηµ1µ4

ηµ2µ3

− pµ4

1
ηµ1µ5

ηµ2µ3
+ pµ4

3
ηµ1µ5

ηµ2µ3
− pµ1

2
ηµ4µ5

ηµ2µ3

+ pµ1

4
ηµ4µ5

ηµ2µ3
− pµ5

3
ηµ1µ3

ηµ2µ4
− pµ5

4
ηµ1µ3

ηµ2µ4

− pµ3

1
ηµ1µ5

ηµ2µ4
+ pµ3

4
ηµ1µ5

ηµ2µ4
− pµ4

2
ηµ1µ3

ηµ2µ5

+ pµ4

3
ηµ1µ3

ηµ2µ5
− pµ3

2
ηµ1µ4

ηµ2µ5
+ pµ3

4
ηµ1µ4

ηµ2µ5

+ 2pµ5

3
ηµ1µ2

ηµ3µ4
+ 2pµ5

4
ηµ1µ2

ηµ3µ4

+ 2pµ2

1
ηµ1µ5

ηµ3µ4
− pµ2

3
ηµ1µ5

ηµ3µ4
− pµ2

4
ηµ1µ5

ηµ3µ4

+ 2pµ1

2
ηµ2µ5

ηµ3µ4
− pµ1

3
ηµ2µ5

ηµ3µ4
− pµ1

4
ηµ2µ5

ηµ3µ4

+ pµ5

1
(ηµ1µ4

ηµ2µ3
+ ηµ1µ3

ηµ2µ4
− 2ηµ1µ2

ηµ3µ4
)

+ pµ5

2
(ηµ1µ4

ηµ2µ3
+ ηµ1µ3

ηµ2µ4
− 2ηµ1µ2

ηµ3µ4
)

+ pµ4

1
ηµ1µ2

ηµ3µ5
+ pµ4

2
ηµ1µ2

ηµ3µ5
− 2pµ4

3
ηµ1µ2

ηµ3µ5

− pµ2

1
ηµ1µ4

ηµ3µ5
+ pµ2

3
ηµ1µ4

ηµ3µ5
− pµ1

2
ηµ2µ4

ηµ3µ5

+ pµ1

3
ηµ2µ4

ηµ3µ5
+ pµ3

1
ηµ1µ2

ηµ4µ5
+ pµ3

2
ηµ1µ2

ηµ4µ5

− 2pµ3

4
ηµ1µ2

ηµ4µ5
− pµ2

1
ηµ1µ3

ηµ4µ5
+ pµ2

4
ηµ1µ3

ηµ4µ5
)

12



W+
µ1

W−

µ2
Z0
µ3

Z0
µ4

Z0
µ5

+
6iḡ5

(

ḡ2 + ḡ′2
)3/2

CW (ηµ1µ5
ηµ2µ3

pµ4

3
− ηµ1µ5

ηµ2µ3
pµ4

5

− 2ηµ4µ5
ηµ2µ3

pµ1

3
+ ηµ4µ5

ηµ2µ3
pµ1

4
+ ηµ4µ5

ηµ2µ3
pµ1

5

+ηµ1µ5
ηµ2µ4

pµ3

4
−ηµ1µ5

ηµ2µ4
pµ3

5
+(ηµ1µ4

ηµ2µ3
−ηµ1µ3

ηµ2µ4
) pµ5

3

+ (ηµ1µ3
ηµ2µ4

− ηµ1µ4
ηµ2µ3

) pµ5

4
− ηµ1µ3

ηµ2µ5
pµ4

3

+ ηµ1µ3
ηµ2µ5

pµ4

5
− ηµ1µ4

ηµ2µ5
pµ3

4
+ ηµ1µ4

ηµ2µ5
pµ3

5

− ηµ1µ5
ηµ3µ4

pµ2

3
− ηµ1µ5

ηµ3µ4
pµ2

4
+ 2ηµ1µ5

ηµ3µ4
pµ2

5

+ ηµ2µ5
ηµ3µ4

pµ1

3
+ ηµ2µ5

ηµ3µ4
pµ1

4
− 2ηµ2µ5

ηµ3µ4
pµ1

5

− ηµ1µ4
ηµ3µ5

pµ2

3
+ 2ηµ1µ4

ηµ3µ5
pµ2

4
− ηµ1µ4

ηµ3µ5
pµ2

5

+ ηµ2µ4
ηµ3µ5

pµ1

3
− 2ηµ2µ4

ηµ3µ5
pµ1

4
+ ηµ2µ4

ηµ3µ5
pµ1

5

+ 2ηµ1µ3
ηµ4µ5

pµ2

3
− ηµ1µ3

ηµ4µ5
pµ2

4
− ηµ1µ3

ηµ4µ5
pµ2

5
)

A0
µ1

A0
µ2

W+
µ3

W+
µ4

W−

µ5
W−

µ6

−12iḡ3ḡ′2

ḡ2 + ḡ′2
(−ηµ1µ4

ηµ2µ6
ηµ3µ5

+ 2ηµ1µ2
ηµ4µ6

ηµ3µ5

− ηµ1µ4
ηµ2µ5

ηµ3µ6
− ηµ1µ3

ηµ2µ6
ηµ4µ5

+ 2ηµ1µ2
ηµ3µ6

ηµ4µ5

+ ηµ1µ6
(2ηµ2µ5

ηµ3µ4
− ηµ2µ4

ηµ3µ5
− ηµ2µ3

ηµ4µ5
)

− ηµ1µ3
ηµ2µ5

ηµ4µ6
+ ηµ1µ5

(2ηµ2µ6
ηµ3µ4

− ηµ2µ4
ηµ3µ6

− ηµ2µ3
ηµ4µ6

)

+ 2ηµ1µ4
ηµ2µ3

ηµ5µ6
+ 2ηµ1µ3

ηµ2µ4
ηµ5µ6

− 4ηµ1µ2
ηµ3µ4

ηµ5µ6
)CW

A0
µ1

W+
µ2

W+
µ3

W−

µ4

W−

µ5
Z0
µ6

− 12iḡ4ḡ′

ḡ2 + ḡ′2
(−ηµ1µ4

ηµ2µ6
ηµ3µ5

− ηµ1µ2
ηµ4µ6

ηµ3µ5

− ηµ1µ4
ηµ2µ5

ηµ3µ6
+ 2ηµ1µ3

ηµ2µ6
ηµ4µ5

+ 2ηµ1µ2
ηµ3µ6

ηµ4µ5

+ 2ηµ1µ6
(ηµ2µ5

ηµ3µ4
+ ηµ2µ4

ηµ3µ5
− 2ηµ2µ3

ηµ4µ5
)

− ηµ1µ3
ηµ2µ5

ηµ4µ6
− ηµ1µ5

(ηµ2µ6
ηµ3µ4

+ ηµ2µ4
ηµ3µ6

− 2ηµ2µ3
ηµ4µ6

)

+ 2ηµ1µ4
ηµ2µ3

ηµ5µ6
− ηµ1µ3

ηµ2µ4
ηµ5µ6

− ηµ1µ2
ηµ3µ4

ηµ5µ6
)CW

W+
µ1

W+
µ2

W−

µ3

W−

µ4

Z0
µ5

Z0
µ6

− 12iḡ5

ḡ2 + ḡ′2
(−ηµ1µ4

ηµ2µ6
ηµ3µ5

+ 2ηµ1µ2
ηµ4µ6

ηµ3µ5

− ηµ1µ4
ηµ2µ5

ηµ3µ6
− ηµ1µ3

ηµ2µ6
ηµ4µ5

+ 2ηµ1µ2
ηµ3µ6

ηµ4µ5

+ ηµ1µ6
(2ηµ2µ5

ηµ3µ4
− ηµ2µ4

ηµ3µ5
− ηµ2µ3

ηµ4µ5
)

− ηµ1µ3
ηµ2µ5

ηµ4µ6
+ ηµ1µ5

(2ηµ2µ6
ηµ3µ4

− ηµ2µ4
ηµ3µ6

− ηµ2µ3
ηµ4µ6

)

+ 2ηµ1µ4
ηµ2µ3

ηµ5µ6
+ 2ηµ1µ3

ηµ2µ4
ηµ5µ6

− 4ηµ1µ2
ηµ3µ4

ηµ5µ6
)CW
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A.7 Higgs–gauge vertices

G0

G0

h
−iλv +

iv

4
CϕD

(

3λv2 − 4p1 · p2
)

G+

G−

h
−iλv +

iv

4
CϕD

(

λv2 − 2(p1 · p3 + p2 · p3)
)

h

h

h
−3iλv +

iv

4
CϕD

(

9λv2 − 4(p1 · p2 + p1 · p3 + p2 · p3)
)

G0

G+

G−

−v

2
(p1 · p2 − p1 · p3)CϕD

A0
µ1

G+

G−

− iḡḡ′
√

ḡ2 + ḡ′2
(pµ1

2
− pµ1

3
) +

iḡ2ḡ′2v2

(

ḡ2 + ḡ′2
)3/2

CϕWB (pµ1

2
− pµ1

3
)

A0
µ1

A0
µ2

h
− 4iḡḡ′v

ḡ2 + ḡ′2
CϕWB (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

)

A0
µ1

G−

W+
µ3

+
iḡ2ḡ′v

2
√

ḡ2 + ḡ′2
ηµ1µ3

− iḡv

2
(

ḡ2 + ḡ′2
)3/2

CϕWB
(

ηµ1µ3

(

ḡ′
2
(

4p1 · p3 + ḡ2v2
)

+ 4ḡ2p1 · p3
)

− 4
(

ḡ2 + ḡ′
2
)

pµ3

1
pµ1

3

)

A0
µ1

h

Z0
µ3

+
2iv

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
CϕWB (pµ3

1
pµ1

3
− p1 · p3ηµ1µ3

)
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G−

W+
µ2

Z0
µ3

− iḡḡ′2v

2
√

ḡ2 + ḡ′2
ηµ2µ3

− 1

4
iḡv3

√

ḡ2 + ḡ′2ηµ2µ3
CϕD

− iḡ′v

2
(

ḡ2 + ḡ′2
)3/2

CϕWB
(

ηµ2µ3

(

−4ḡ2p2 · p3 − 4ḡ′
2
p2 · p3 + ḡ4v2

)

+ 4
(

ḡ2 + ḡ′
2
)

pµ3

2
pµ2

3

)

h

Z0
µ2

Z0
µ3

+
iv

2

(

ḡ2 + ḡ′
2
)

ηµ2µ3
+

3iv3

8

(

ḡ2 + ḡ′
2
)

ηµ2µ3
CϕD

+
iḡḡ′v

ḡ2 + ḡ′2
CϕWB

(

ηµ2µ3

(

−4p2 · p3 + ḡ2v2 + ḡ′
2
v2
)

+ 4pµ3

2
pµ2

3

)

G0

G−

W+
µ3

+
ḡ

2
(pµ3

1
− pµ3

2
) +

ḡv2

8
CϕD (3pµ3

1
+ pµ3

2
)

G−

h

W+
µ3

+
iḡ

2
(pµ3

1
− pµ3

2
)− 1

8
iḡv2CϕD (pµ3

1
− pµ3

2
)

h

W+
µ2

W−

µ3

+
1

2
iḡ2vηµ2µ3

− 1

8
iḡ2v3ηµ2µ3

CϕD

G0

h

Z0
µ3

−1

2

√

ḡ2 + ḡ′2 (pµ3

1
− pµ3

2
)− 1

2
v2
√

ḡ2 + ḡ′2CϕDpµ3

1

− ḡḡ′v2

2
√

ḡ2 + ḡ′2
CϕWB (pµ3

1
− pµ3

2
)

G+

G−

Z0
µ3

+
i
(

ḡ′2 − ḡ2
)

2
√

ḡ2 + ḡ′2
(pµ3

1
− pµ3

2
) +

1

4
iv2

√

ḡ2 + ḡ′2CϕD (pµ3

1
− pµ3

2
)

−
iḡḡ′v2

(

ḡ′2 − ḡ2
)

2
(

ḡ2 + ḡ′2
)3/2

CϕWB (pµ3

1
− pµ3

2
)
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G0

G0

G0

G0

−3iλ+ iCϕD
(

−p1 · p2 − p1 · p3 − p1 · p4 − p2 · p3 − p2 · p4 − p3 · p4 + 3λv2
)

G0

G0

G+

G−

−iλ+
i

2
CϕD

(

−p1 · p3 − p1 · p4 − p2 · p3 − p2 · p4 + λv2
)

G+

G+

G−

G−

−2iλ− i(p1 · p3 + p1 · p4 + p2 · p3 + p2 · p4)CϕD

G0

G0

h

h

−iλ+ iCϕD
(

−p1 · p2 − p3 · p4 + λv2
)

G+

G−

h

h

−iλ+
i

2
CϕD

(

−p1 · p3 − p1 · p4 − p2 · p3 − p2 · p4 + λv2
)
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h

h

h

h

−3iλ+ iCϕD
(

−p1 · p2 − p1 · p3 − p1 · p4 − p2 · p3 − p2 · p4 − p3 · p4 + 3λv2
)

A0
µ1

A0
µ2

G+

G−

+
2iḡ2ḡ′2

ḡ2 + ḡ′2
ηµ1µ2

− 4iḡḡ′
(

ḡ2 + ḡ′2
)2

CϕWB
(

ηµ1µ2

(

ḡ′
2
(

p1 ·p2+ḡ2v2
)

+ḡ2p1 ·p2
)

−
(

ḡ2 + ḡ′
2
)

pµ2

1
pµ1

2

)

A0
µ1

G0

G+

G−

+
ḡḡ′v

√

ḡ2 + ḡ′2
CϕDpµ1

2

G0

G+

G−

h

−1

2
(p1 · p2 − p1 · p3 − p2 · p4 + p3 · p4)CϕD

A0
µ1

A0
µ2

G0

G0

− 4iḡḡ′

ḡ2 + ḡ′2
CϕWB (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

)
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A0
µ1

A0
µ2

h

h

− 4iḡḡ′

ḡ2 + ḡ′2
CϕWB (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

)

A0
µ1

G0

G−

W+
µ4

− ḡ2ḡ′

2
√

ḡ2 + ḡ′2
ηµ1µ4

+
ḡ2ḡ′v2

8
√

ḡ2 + ḡ′2
ηµ1µ4

CϕD

− ḡ

2
(

ḡ2 + ḡ′2
)3/2

CϕWB
(

4
(

ḡ2 + ḡ′
2
)

pµ4

1
pµ1

4

− ηµ1µ4

(

ḡ′
2
(

4p1 · p4 + ḡ2v2
)

+ 4ḡ2p1 · p4
))

A0
µ1

G−

h

W+
µ4

+
iḡ2ḡ′

2
√

ḡ2 + ḡ′2
ηµ1µ4

− iḡ2ḡ′v2

8
√

ḡ2 + ḡ′2
ηµ1µ4

CϕD

+
iḡ

2
(

ḡ2 + ḡ′2
)3/2

CϕWB
(

4
(

ḡ2 + ḡ′
2
)

pµ4

1
pµ1

4

− ηµ1µ4

(

ḡ′
2
(

4p1 · p4 + ḡ2v2
)

+ 4ḡ2p1 · p4
))

A0
µ1

G0

G0

Z0
µ4

+
2i

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
CϕWB (pµ4

1
pµ1

4
− p1 · p4ηµ1µ4

)
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A0
µ1

G+

G−

Z0
µ4

−
iḡḡ′

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
ηµ1µ4

− 1

2
iḡḡ′v2ηµ1µ4

CϕD

+
2i

(

ḡ′2 − ḡ2
)

(

ḡ2 + ḡ′2
)2

CϕWB
(

ηµ1µ4

(

ḡ′
2
(

p1 · p4 + ḡ2v2
)

+ ḡ2p1 · p4
)

−
(

ḡ2 + ḡ′
2
)

pµ4

1
pµ1

4

)

A0
µ1

h

h

Z0
µ4

+
2i

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
CϕWB (pµ4

1
pµ1

4
− p1 · p4ηµ1µ4

)

G0

G−

W+
µ3

Z0
µ4

+
ḡḡ′2

2
√

ḡ2 + ḡ′2
ηµ3µ4

+
ḡv2

8
√

ḡ2 + ḡ′2

(

2ḡ2 + ḡ′
2
)

ηµ3µ4
CϕD

+
ḡ′

2
(

ḡ2 + ḡ′2
)3/2

CϕWB
(

ηµ3µ4

(

−4ḡ2p3 · p4 − 4ḡ′
2
p3 · p4 + ḡ4v2

)

+ 4
(

ḡ2 + ḡ′
2
)

pµ4

3
pµ3

4

)

G−

h

W+
µ3

Z0
µ4

− iḡḡ′2

2
√

ḡ2 + ḡ′2
ηµ3µ4

− iḡv2

8
√

ḡ2 + ḡ′2

(

6ḡ2 + 5ḡ′
2
)

ηµ3µ4
CϕD

− iḡ′

2
(

ḡ2 + ḡ′2
)3/2

CϕWB
(

ηµ3µ4

(

−4ḡ2p3 · p4 − 4ḡ′
2
p3 · p4 + ḡ4v2

)

+ 4
(

ḡ2 + ḡ′
2
)

pµ4

3
pµ3

4

)
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G0

G0

Z0
µ3

Z0
µ4

+
i

2

(

ḡ2 + ḡ′
2
)

ηµ3µ4
+

iv2

4

(

ḡ2 + ḡ′
2
)

ηµ3µ4
CϕD

+
iḡḡ′

ḡ2 + ḡ′2
CϕWB

(

ηµ3µ4

(

−4p3 · p4 + ḡ2v2 + ḡ′
2
v2
)

+ 4pµ4

3
pµ3

4

)

G+

G−

Z0
µ3

Z0
µ4

+
i
(

ḡ′2 − ḡ2
)2

2
(

ḡ2 + ḡ′2
) ηµ3µ4

+
1

2
iv2

(

ḡ′
2 − ḡ2

)

ηµ3µ4
CϕD

− iḡḡ′
(

ḡ2 + ḡ′2
)2

CϕWB
(

ηµ3µ4

(

−2ḡ′
2
(

2p3 · p4 + ḡ2v2
)

− 4ḡ2p3 · p4 + ḡ4v2 + ḡ′
4
v2
)

+ 4
(

ḡ2 + ḡ′
2
)

pµ4

3
pµ3

4

)

h

h

Z0
µ3

Z0
µ4

+
i

2

(

ḡ2 + ḡ′
2
)

ηµ3µ4
+

5iv2

4

(

ḡ2 + ḡ′
2
)

ηµ3µ4
CϕD

+
iḡḡ′

ḡ2 + ḡ′2
CϕWB

(

ηµ3µ4

(

−4p3 · p4 + ḡ2v2 + ḡ′
2
v2
)

+ 4pµ4

3
pµ3

4

)

G0

G0

G−

W+
µ4

+
iḡv

2
CϕD (pµ4

1
+ pµ4

2
)

G0

G−

h

W+
µ4

+
ḡv

2
CϕD (2pµ4

1
− pµ4

3
)
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G+

G−

G−

W+
µ4

−1

2
iḡvCϕD (2pµ4

1
− pµ4

2
− pµ4

3
)

G−

G−

W+
µ3

W+
µ4

+iḡ2v2ηµ3µ4
CϕD

A0
µ1

A0
µ2

G−

W+
µ4

− 2iḡ2ḡ′v

ḡ2 + ḡ′2
CϕWB (ηµ1µ2

pµ4

1
+ ηµ1µ2

pµ4

2
− ηµ1µ4

pµ2

1
− ηµ2µ4

pµ1

2
)

A0
µ1

G−

W+
µ3

Z0
µ4

+
2iḡv

ḡ2 + ḡ′2
CϕWB

(

ḡ2ηµ1µ3
pµ4

1
− ḡ2ηµ1µ4

pµ3

1
+ ḡ′

2
(ηµ1µ4

pµ3

4
− ηµ3µ4

pµ1

4
)
)

A0
µ1

h

W+
µ3

W−

µ4

+
2iḡ2v

√

ḡ2 + ḡ′2
CϕWB (ηµ1µ3

pµ4

1
− ηµ1µ4

pµ3

1
)
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h

W+
µ2

W−

µ3

Z0
µ4

− 2iḡḡ′v
√

ḡ2 + ḡ′2
CϕWB (ηµ2µ4

pµ3

4
− ηµ3µ4

pµ2

4
)

G0

G0

W+
µ3

W−

µ4

+
iḡ2

2
ηµ3µ4

− 1

4
iḡ2v2ηµ3µ4

CϕD

h

h

W+
µ3

W−

µ4

+
iḡ2

2
ηµ3µ4

− 1

4
iḡ2v2ηµ3µ4

CϕD

G0

G0

G0

Z0
µ4

−1

2
v

√

ḡ2 + ḡ′2CϕD (pµ4

1
+ pµ4

2
+ pµ4

3
)

G0

G+

G−

Z0
µ4

−
v
(

ḡ′2 − ḡ2
)

2
√

ḡ2 + ḡ′2
CϕDpµ4

1
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G0

h

h

Z0
µ4

−1

2
v

√

ḡ2 + ḡ′2CϕD (3pµ4

1
− pµ4

2
− pµ4

3
)

G+

G−

h

Z0
µ4

+
1

2
iv

√

ḡ2 + ḡ′2CϕD (pµ4

1
− pµ4

2
)

G−

W+
µ2

Z0
µ3

Z0
µ4

− 2iḡ2ḡ′v

ḡ2 + ḡ′2
CϕWB (ηµ2µ3

pµ4

3
+ ηµ2µ4

pµ3

4
− ηµ3µ4

(pµ2

3
+ pµ2

4
))

A0
µ1

G0 G+

G−

h

+
ḡḡ′

√

ḡ2 + ḡ′2
CϕD (pµ1

2
− pµ1

5
)

A0
µ1

G+ G+

G−

G−

− 2iḡḡ′
√

ḡ2 + ḡ′2
CϕD (pµ1

2
+ pµ1

3
− pµ1

4
− pµ1

5
)
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A0
µ1

G+ G−

G−

W+
µ5

+
2iḡ2ḡ′v

√

ḡ2 + ḡ′2
ηµ1µ5

CϕD

G0

G0 G−

h

W+
µ5

+
iḡ

2
CϕD (pµ5

1
+ pµ5

2
− 2pµ5

4
)

G0

G− h

h

W+
µ5

+
ḡ

2
CϕD (2pµ5

1
− pµ5

3
− pµ5

4
)

G0

G+ G−

G−

W+
µ5

+
ḡ

2
CϕD (2pµ5

2
− pµ5

3
− pµ5

4
)

G+

G− G−

h

W+
µ5

− iḡ

2
CϕD (2pµ5

1
− pµ5

2
− pµ5

3
)
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G0

G− G−

W+
µ4

W+
µ5

−2ḡ2vηµ4µ5
CϕD

G−

G− h

W+
µ4

W+
µ5

+2iḡ2vηµ4µ5
CϕD

A0
µ1

A0
µ2 G0

G−

W+
µ5

+
2ḡ2ḡ′

ḡ2 + ḡ′2
CϕWB (ηµ1µ2

pµ5

1
+ ηµ1µ2

pµ5

2
− ηµ1µ5

pµ2

1
− ηµ2µ5

pµ1

2
)

A0
µ1

A0
µ2 G−

h

W+
µ5

− 2iḡ2ḡ′

ḡ2 + ḡ′2
CϕWB (ηµ1µ2

pµ5

1
+ ηµ1µ2

pµ5

2
− ηµ1µ5

pµ2

1
− ηµ2µ5

pµ1

2
)

A0
µ1

G0 G−

W+
µ4

Z0
µ5

− 2ḡ

ḡ2 + ḡ′2
CϕWB

(

ḡ2ηµ1µ4
pµ5

1
− ḡ2ηµ1µ5

pµ4

1
+ ḡ′

2
(ηµ1µ5

pµ4

5
− ηµ4µ5

pµ1

5
)
)
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A0
µ1

G− h

W+
µ4

Z0
µ5

+
2iḡ

ḡ2 + ḡ′2
CϕWB

(

ḡ2ηµ1µ4
pµ5

1
− ḡ2ηµ1µ5

pµ4

1
+ ḡ′

2
(ηµ1µ5

pµ4

5
− ηµ4µ5

pµ1

5
)
)

A0
µ1

G0 G0

W+
µ4

W−

µ5

+
2iḡ2

√

ḡ2 + ḡ′2
CϕWB (ηµ1µ4

pµ5

1
− ηµ1µ5

pµ4

1
)

A0
µ1

G+ G−

W+
µ4

W−

µ5

− 2iḡ2
√

ḡ2 + ḡ′2
CϕWB (ηµ1µ4

pµ5

1
− ηµ1µ5

pµ4

1
)

A0
µ1

h h

W+
µ4

W−

µ5

+
2iḡ2

√

ḡ2 + ḡ′2
CϕWB (ηµ1µ4

pµ5

1
− ηµ1µ5

pµ4

1
)

G0

G0 W+
µ3

W−

µ4

Z0
µ5

− 2iḡḡ′
√

ḡ2 + ḡ′2
CϕWB (ηµ3µ5

pµ4

5
− ηµ4µ5

pµ3

5
)
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G+

G− W+
µ3

W−

µ4

Z0
µ5

+
2iḡḡ′

√

ḡ2 + ḡ′2
CϕWB (ηµ3µ5

pµ4

5
− ηµ4µ5

pµ3

5
)

h

h W+
µ3

W−

µ4

Z0
µ5

− 2iḡḡ′
√

ḡ2 + ḡ′2
CϕWB (ηµ3µ5

pµ4

5
− ηµ4µ5

pµ3

5
)

A0
µ1

G+ G−

h

Z0
µ5

−iḡḡ′vηµ1µ5
CϕD

G0

G0 G0

h

Z0
µ5

−1

2

√

ḡ2 + ḡ′2CϕD (pµ5

1
+ pµ5

2
+ pµ5

3
− 3pµ5

4
)

G0

G+ G−

h

Z0
µ5

− ḡ′2 − ḡ2

2
√

ḡ2 + ḡ′2
CϕD (pµ5

1
− pµ5

4
)
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G0

h h

h

Z0
µ5

−1

2

√

ḡ2 + ḡ′2CϕD (3pµ5

1
− pµ5

2
− pµ5

3
− pµ5

4
)

G0

G0 G+

G−

Z0
µ5

+
1

2
i

√

ḡ2 + ḡ′2CϕD (pµ5

3
− pµ5

4
)

G+

G+ G−

G−

Z0
µ5

+
i
(

ḡ′2 − ḡ2
)

√

ḡ2 + ḡ′2
CϕD (pµ5

1
+ pµ5

2
− pµ5

3
− pµ5

4
)

G+

G− h

h

Z0
µ5

+
1

2
i

√

ḡ2 + ḡ′2CϕD (pµ5

1
− pµ5

2
)

G0

G0 G−

W+
µ4

Z0
µ5

−1

2
iḡv

√

ḡ2 + ḡ′2ηµ4µ5
CϕD
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G+

G− G−

W+
µ4

Z0
µ5

−
iḡv

(

ḡ′2 − ḡ2
)

√

ḡ2 + ḡ′2
ηµ4µ5

CϕD

G0

G− h

W+
µ4

Z0
µ5

+
1

2
ḡv

√

ḡ2 + ḡ′2ηµ4µ5
CϕD

G−

h h

W+
µ4

Z0
µ5

−3

2
iḡv

√

ḡ2 + ḡ′2ηµ4µ5
CϕD

G0

G0 h

Z0
µ4

Z0
µ5

+iv
(

ḡ2 + ḡ′
2
)

ηµ4µ5
CϕD

G+

G− h

Z0
µ4

Z0
µ5

+iv
(

ḡ′
2 − ḡ2

)

ηµ4µ5
CϕD
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h

h h

Z0
µ4

Z0
µ5

+3iv
(

ḡ2 + ḡ′
2
)

ηµ4µ5
CϕD

G0

G− W+
µ3

Z0
µ4

Z0
µ5

+
2ḡ2ḡ′

ḡ2 + ḡ′2
CϕWB (ηµ3µ4

pµ5

4
+ ηµ3µ5

pµ4

5
− ηµ4µ5

(pµ3

4
+ pµ3

5
))

G−

h W+
µ3

Z0
µ4

Z0
µ5

− 2iḡ2ḡ′

ḡ2 + ḡ′2
CϕWB (ηµ3µ4

pµ5

4
+ ηµ3µ5

pµ4

5
− ηµ4µ5

(pµ3

4
+ pµ3

5
))

A0
µ1

A0
µ2 G+

G+

G− G−

+
8iḡ2ḡ′2

ḡ2 + ḡ′2
ηµ1µ2

CϕD

A0
µ1

G0 G+

G−

G− W+
µ6

− 2ḡ2ḡ′
√

ḡ2 + ḡ′2
ηµ1µ6

CϕD
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A0
µ1

G+ G−

G−

h W+
µ6

+
2iḡ2ḡ′

√

ḡ2 + ḡ′2
ηµ1µ6

CϕD

G0

G0 G−

G−

W+
µ5

W+
µ6

−2iḡ2ηµ5µ6
CϕD

G0

G− G−

h

W+
µ5

W+
µ6

−2ḡ2ηµ5µ6
CϕD

G−

G− h

h

W+
µ5

W+
µ6

+2iḡ2ηµ5µ6
CϕD

A0
µ1

G0 G0

G+

G− Z0
µ6

−iḡḡ′ηµ1µ6
CϕD
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A0
µ1

G+ G+

G−

G− Z0
µ6

−
4iḡḡ′

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
ηµ1µ6

CϕD

A0
µ1

G+ G−

h

h Z0
µ6

−iḡḡ′ηµ1µ6
CϕD

G0

G0 G0

G−

W+
µ5

Z0
µ6

+
3

2
ḡ

√

ḡ2 + ḡ′2ηµ5µ6
CϕD

G0

G+ G−

G−

W+
µ5

Z0
µ6

+
ḡ
(

ḡ′2 − ḡ2
)

√

ḡ2 + ḡ′2
ηµ5µ6

CϕD

G0

G0 G−

h

W+
µ5

Z0
µ6

−1

2
iḡ

√

ḡ2 + ḡ′2ηµ5µ6
CϕD
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G+

G− G−

h

W+
µ5

Z0
µ6

−
iḡ

(

ḡ′2 − ḡ2
)

√

ḡ2 + ḡ′2
ηµ5µ6

CϕD

G0

G− h

h

W+
µ5

Z0
µ6

+
1

2
ḡ

√

ḡ2 + ḡ′2ηµ5µ6
CϕD

G−

h h

h

W+
µ5

Z0
µ6

−3

2
iḡ

√

ḡ2 + ḡ′2ηµ5µ6
CϕD

G0

G0 G0

G0

Z0
µ5

Z0
µ6

+3i
(

ḡ2 + ḡ′
2
)

ηµ5µ6
CϕD

G0

G0 G+

G−

Z0
µ5

Z0
µ6

+i
(

ḡ′
2 − ḡ2

)

ηµ5µ6
CϕD
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G+

G+ G−

G−

Z0
µ5

Z0
µ6

+
2i

(

ḡ′2 − ḡ2
)2

ḡ2 + ḡ′2
ηµ5µ6

CϕD

G0

G0 h

h

Z0
µ5

Z0
µ6

+i
(

ḡ2 + ḡ′
2
)

ηµ5µ6
CϕD

G+

G− h

h

Z0
µ5

Z0
µ6

+i
(

ḡ′
2 − ḡ2

)

ηµ5µ6
CϕD

h

h h

h

Z0
µ5

Z0
µ6

+3i
(

ḡ2 + ḡ′
2
)

ηµ5µ6
CϕD

A.8 Gluon self interaction vertices

ga1µ1

ga2µ2

ga3µ3

−ḡsfa1a2a3 (ηµ1µ2
pµ3

1
− ηµ1µ2

pµ3

2
− ηµ1µ3

pµ2

1
+ ηµ1µ3

pµ2

3
+ ηµ2µ3

pµ1

2
− ηµ2µ3

pµ1

3
)
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ga1µ1

ga2µ2

ga3µ3

ga4µ4

+iḡ2s ((ηµ1µ4
ηµ2µ3

− ηµ1µ3
ηµ2µ4

) fa1a2b1fa3a4b1
+ (ηµ1µ4

ηµ2µ3
− ηµ1µ2

ηµ3µ4
) fa1a3b1fa2a4b1

+ (ηµ1µ3
ηµ2µ4

− ηµ1µ2
ηµ3µ4

) fa1a4b1fa2a3b1)

A.9 Higgs–gluon vertices

A.10 Four lepton vertices

A.11 Two quark–two lepton vertices

df1m1s1

df2m2s2

ef3s3

ef4s4

+i
(

(PL)s3s4(PR)s1s2C
ledq∗
f4f3f2f1

+ (PL)s1s2(PR)s3s4C
ledq
f3f4f1f2

)

df1m1s1

uf2m2s2

νf3s3

ef4s4

+i(PL)s1s2(PR)s3s4U
∗

g1f3K
∗

f2g2C
ledq
g1f4f1g2
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A.12 Four quark vertices

A.13 Baryon and lepton number violating four fermion vertices

A.14 Ghost vertices

η̄−

η−

G0

+
1

4
ḡ2vξW +

1

16
ḡ2v3ξWCϕD

η̄+

η+

G0

−1

4
ḡ2vξW − 1

16
ḡ2v3ξWCϕD

η̄+

ηZ

G+

−
iḡv

(

ḡ′2 − ḡ2
)

ξW

4
√

ḡ2 + ḡ′2
+

iḡ2ḡ′v3
(

ḡ′2 − ḡ2
)

ξW

4
(

ḡ2 + ḡ′2
)3/2

CϕWB

η̄−

ηZ

G−

−
iḡv

(

ḡ′2 − ḡ2
)

ξW

4
√

ḡ2 + ḡ′2
+

iḡ2ḡ′v3
(

ḡ′2 − ḡ2
)

ξW

4
(

ḡ2 + ḡ′2
)3/2

CϕWB

η̄+

ηA

G+

+
iḡ2ḡ′vξW

2
√

ḡ2 + ḡ′2
− iḡ3ḡ′2v3ξW

2
(

ḡ2 + ḡ′2
)3/2

CϕWB

η̄−

ηA

G−

+
iḡ2ḡ′vξW

2
√

ḡ2 + ḡ′2
− iḡ3ḡ′2v3ξW

2
(

ḡ2 + ḡ′2
)3/2

CϕWB

η̄−

η−

h
+
1

4
iḡ2vξW +

1

16
iḡ2v3ξWCϕD
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η̄+
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pµ3

1
+
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ḡ2 + ḡ′2
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)3/2

CϕWBpµ3

1

η̄−

ηZ

W−

µ3

− iḡ2
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)3/2

CϕWBpµ3

1

η̄−

η−

Z0
µ3

+
iḡ2

√
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