
A SMEFT interaction vertices

CAUTION: interaction vertices printed below are shown including only terms up to mass
dimension-6. Interactions proportional to products of dimension-6 Wilson coefficients, even if
calculated and included in other output formats (Mathematica, Feynarts, UFO etc.), are too
complicated for printout and for manual calculations. If necessary, they can be inspected visually
displaying relevant variables (for their list see SmeftFR manual) in the Mathematica notebook.

A.1 Lepton–gauge vertices
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A.2 Lepton–Higgs–gauge vertices
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A.3 Quark–gauge vertices
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δf1f2

((
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)

− iḡ′ḡv2
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A.4 Quark–Higgs–gauge vertices
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ḡ′2 + ḡ2
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pν4Kg1f2σ

µ4νPLC
uW∗

g1f1

6



A.5 Quark-gluon vertices
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A.6 Gauge self interaction vertices
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ḡ′2 + ḡ2
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+ 4ḡ2p1 · p3
)

− 4
(
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ḡ′2 + ḡ2
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)
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)

p
µ4

1
p
µ1

4

)

12



A0
µ1

G−

h

W+
µ4

+
iḡ′ḡ2
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)

− 4
(

ḡ′2 + ḡ2
)

p
µ4

1
p
µ1

4

)

G0

G0

W+
µ3

W−

µ4

+
iḡ2

2
ηµ3µ4

− 1

4
iḡ2v2ηµ3µ4

CϕD + 4iCϕW (pµ4

3
p
µ3

4
− p3 · p4ηµ3µ4

)

G+

G−

W+
µ3

W−

µ4

+
iḡ2

2
ηµ3µ4

+
1

2
iḡ2v2ηµ3µ4

CϕD + 4iCϕW (pµ4

3
p
µ3

4
− p3 · p4ηµ3µ4

)

h

h

W+
µ3

W−

µ4

+
iḡ2

2
ηµ3µ4

+iḡ2v2ηµ3µ4
Cϕ�− 1

4
iḡ2v2ηµ3µ4

CϕD+4iCϕW (pµ4

3
p
µ3

4
−p3 ·p4ηµ3µ4

)

A0
µ1

G0

G0

Z0
µ4

+
4iḡ′ḡ

ḡ′2 + ḡ2
CϕW (pµ4

1
p
µ1

4
− p1 · p4ηµ1µ4

)

+
2i

ḡ′2 + ḡ2
(ḡ′ − ḡ)(ḡ′ + ḡ)CϕWB (pµ4

1
p
µ1

4
− p1 · p4ηµ1µ4

)
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A0
µ1

G+

G−

Z0
µ4

− iḡ′ḡ

ḡ′2 + ḡ2
(ḡ′ − ḡ)(ḡ′ + ḡ)ηµ1µ4

− 1

2
iḡ′ḡv2ηµ1µ4

CϕD

+
4iḡ′ḡ

ḡ′2 + ḡ2
CϕW (pµ4

1
p
µ1

4
− p1 · p4ηµ1µ4

) +
2i

(ḡ′2 + ḡ2)2
(ḡ′ − ḡ)(ḡ′

+ ḡ)CϕWB
(

ηµ1µ4

(

ḡ′2
(

p1 · p4 + ḡ2v2
)

+ ḡ2p1 · p4
)

−
(

ḡ′2 + ḡ2
)

p
µ4

1
p
µ1

4

)

A0
µ1

h

h

Z0
µ4

+
4iḡ′ḡ

ḡ′2 + ḡ2
CϕW (pµ4

1
p
µ1

4
− p1 · p4ηµ1µ4

)

+
2i

ḡ′2 + ḡ2
(ḡ′ − ḡ)(ḡ′ + ḡ)CϕWB (pµ4

1
p
µ1

4
− p1 · p4ηµ1µ4

)

G0

G−

W+
µ3

Z0
µ4

+
ḡ′2ḡ

2
√

ḡ′2 + ḡ2
ηµ3µ4

+
ḡv2

8
√

ḡ′2 + ḡ2

(

ḡ′2 + 2ḡ2
)

ηµ3µ4
CϕD

+
ḡ′

2 (ḡ′2 + ḡ2)3/2
CϕWB

(

ηµ3µ4

(

−4ḡ′2p3 · p4 − 4ḡ2p3 · p4 + ḡ4v2
)

+ 4
(

ḡ′2 + ḡ2
)

p
µ4

3
p
µ3

4

)

G−

h

W+
µ3

Z0
µ4

− iḡ′2ḡ

2
√

ḡ′2 + ḡ2
ηµ3µ4

− iḡ′2ḡv2

2
√

ḡ′2 + ḡ2
ηµ3µ4

Cϕ�

− iḡv2

8
√

ḡ′2 + ḡ2

(

5ḡ′2 + 6ḡ2
)

ηµ3µ4
CϕD

− iḡ′

2 (ḡ′2 + ḡ2)3/2
CϕWB

(

ηµ3µ4

(

−4ḡ′2p3 · p4 − 4ḡ2p3 · p4 + ḡ4v2
)

+ 4
(

ḡ′2 + ḡ2
)

p
µ4

3
p
µ3

4

)
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G0

G0

Z0
µ3

Z0
µ4

+
i

2

(

ḡ′2 + ḡ2
)

ηµ3µ4
+

iv2

4

(

ḡ′2 + ḡ2
)

ηµ3µ4
CϕD

+
4iḡ2

ḡ′2 + ḡ2
CϕW (pµ4

3
p
µ3

4
− p3 · p4ηµ3µ4

)

+
iḡ′ḡ

ḡ′2 + ḡ2
CϕWB

(

ηµ3µ4

(

−4p3 · p4 + ḡ′2v2 + ḡ2v2
)

+ 4pµ4

3
p
µ3

4

)

G+

G−

Z0
µ3

Z0
µ4

+
i

2 (ḡ′2 + ḡ2)
(ḡ′ − ḡ)2(ḡ′ + ḡ)2ηµ3µ4

+
iv2

2
(ḡ′ − ḡ)(ḡ′ + ḡ)ηµ3µ4

CϕD

+
4iḡ2

ḡ′2 + ḡ2
CϕW (pµ4

3
p
µ3

4
− p3 · p4ηµ3µ4

)

− iḡ′ḡ

(ḡ′2 + ḡ2)2
CϕWB

(

ηµ3µ4

(

−2ḡ′2
(

2p3 · p4 + ḡ2v2
)

− 4ḡ2p3 · p4 + ḡ′4v2 + ḡ4v2
)

+ 4
(

ḡ′2 + ḡ2
)

p
µ4

3
p
µ3

4

)

h

h

Z0
µ3

Z0
µ4

+
i

2

(

ḡ′2 + ḡ2
)

ηµ3µ4
+ iv2

(

ḡ′2 + ḡ2
)

ηµ3µ4
Cϕ�

+
5iv2

4

(

ḡ′2 + ḡ2
)

ηµ3µ4
CϕD +

4iḡ2

ḡ′2 + ḡ2
CϕW (pµ4

3
p
µ3

4
− p3 · p4ηµ3µ4

)

+
iḡ′ḡ

ḡ′2 + ḡ2
CϕWB

(

ηµ3µ4

(

−4p3 · p4 + ḡ′2v2 + ḡ2v2
)

+ 4pµ4

3
p
µ3

4

)

G0

G0

G−

W+
µ4

+
iḡv

2
CϕD (pµ4

1
+ p

µ4

2
)
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G0

G−

h

W+
µ4

+
ḡv

2
CϕD (2pµ4

1
− p

µ4

3
)

G+

G−

G−

W+
µ4

−1

2
iḡvCϕD (2pµ4

1
− p

µ4

2
− p

µ4

3
)

A0
µ1

A0
µ2

G−

W+
µ4

− 2iḡ′ḡ2v

ḡ′2 + ḡ2
CϕWB (ηµ1µ2

p
µ4

1
+ ηµ1µ2

p
µ4

2
− ηµ1µ4

p
µ2

1
− ηµ2µ4

p
µ1

2
)

A0
µ1

h

W+
µ3

W−

µ4

− 4iḡ′ḡv
√

ḡ′2 + ḡ2
CϕW (ηµ1µ3

p
µ4

1
− ηµ1µ3

p
µ4

3
− ηµ1µ4

p
µ3

1
+ ηµ1µ4

p
µ3

4

+ ηµ3µ4
p
µ1

3
− ηµ3µ4

p
µ1

4
) +

2iḡ2v
√

ḡ′2 + ḡ2
CϕWB (ηµ1µ3

p
µ4

1
− ηµ1µ4

p
µ3

1
)

A0
µ1

G−

W+
µ3

Z0
µ4

+
2iḡv

ḡ′2 + ḡ2
CϕWB

(

ḡ′2 (ηµ1µ4
p
µ3

4
− ηµ3µ4

p
µ1

4
) + ḡ2ηµ1µ3

p
µ4

1
− ḡ2ηµ1µ4

p
µ3

1

)
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h

W+
µ2

W−

µ3

Z0
µ4

− 4iḡ2v
√

ḡ′2 + ḡ2
CϕW (ηµ2µ3

p
µ4

2
− ηµ2µ3

p
µ4

3
− ηµ2µ4

p
µ3

2
+ ηµ2µ4

p
µ3

4

+ ηµ3µ4
p
µ2

3
− ηµ3µ4

p
µ2

4
)− 2iḡ′ḡv

√

ḡ′2 + ḡ2
CϕWB (ηµ2µ4

p
µ3

4
− ηµ3µ4

p
µ2

4
)

G0

G0

G0

Z0
µ4

−1

2
v
√

ḡ′2 + ḡ2CϕD (pµ4

1
+ p

µ4

2
+ p

µ4

3
)

G0

G+

G−

Z0
µ4

− v

2
√

ḡ′2 + ḡ2
(ḡ′ − ḡ)(ḡ′ + ḡ)CϕDp

µ4

1

G0

h

h

Z0
µ4

−1

2
v
√

ḡ′2 + ḡ2CϕD (3pµ4

1
− p

µ4

2
− p

µ4

3
)

G+

G−

h

Z0
µ4

+
1

2
iv
√

ḡ′2 + ḡ2CϕD (pµ4

1
− p

µ4

2
)
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G−

W+
µ2

Z0
µ3

Z0
µ4

− 2iḡ′ḡ2v

ḡ′2 + ḡ2
CϕWB (ηµ2µ3

p
µ4

3
+ ηµ2µ4

p
µ3

4
− ηµ3µ4

(pµ2

3
+ p

µ2

4
))

A.8 Gluon self interaction vertices

ga1µ1

ga2µ2

ga3µ3

−ḡsfa1a2a3 (ηµ1µ2
p
µ3

1
− ηµ1µ2

p
µ3

2
− ηµ1µ3

p
µ2

1
+ ηµ1µ3

p
µ2

3
+ ηµ2µ3

p
µ1

2
− ηµ2µ3

p
µ1

3
)

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

ν
f1
s1

ν
f2
s2

ν
f3
s3

ν
f4
s4

+iC ll∗
g1g2g3g4

(

Ug1f3U
∗

g3f1 (Ug2f2Ug4f4(γ
µPL)s1s4(γ

µPL)s3s2
+ Ug2f4Ug4f2(γ

µPL)s1s2(γ
µPL)s3s4)

+ U∗

g1f1U
∗

g3f3 (Ug2f4Ug4f2(γ
µPL)s1s4(γ

µPL)s3s2

+ Ug2f2Ug4f4(γ
µPL)s1s2(γ

µPL)s3s4)
)
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e
f1
s1

e
f2
s2

ν
f3
s3

ν
f4
s4

+2iUg2f4U
∗

g1f3(γ
µPL)s1s2(γ

µPL)s3s4C
ll
f1f2g1g2

e
f1
s1

e
f2
s2

e
f3
s3

e
f4
s4

+2i
(

C ll
f1f4f3f2(γ

µPL)s1s4(γ
µPL)s3s2 + C ll

f1f2f3f4(γ
µPL)s1s2(γ

µPL)s3s4

)

A.11 Two quark–two lepton vertices

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−

η−

h
+
1

4
iḡ2vξW +

1

4
iḡ2v3ξWCϕ� − 1

16
iḡ2v3ξWCϕD
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η̄+

η+

h
+
1

4
iḡ2vξW +

1

4
iḡ2v3ξWCϕ� − 1

16
iḡ2v3ξWCϕD

η̄+

ηZ

G+

+
iḡvξW

4
√

ḡ′2 + ḡ2
(ḡ − ḡ′)(ḡ′ + ḡ) +

iḡ′ḡ2v3ξW

4 (ḡ′2 + ḡ2)3/2
(ḡ′ − ḡ)(ḡ′ + ḡ)CϕWB

η̄−

ηZ

G−

+
iḡvξW

4
√

ḡ′2 + ḡ2
(ḡ − ḡ′)(ḡ′ + ḡ) +

iḡ′ḡ2v3ξW

4 (ḡ′2 + ḡ2)3/2
(ḡ′ − ḡ)(ḡ′ + ḡ)CϕWB

η̄Z

η−

G+

−1

4
iḡv

√

ḡ′2 + ḡ2ξZ − 1

8
iḡv3

√

ḡ′2 + ḡ2ξZC
ϕD − iḡ′ḡ2v3ξZ

4
√

ḡ′2 + ḡ2
CϕWB

η̄Z

η+

G−

−1

4
iḡv

√

ḡ′2 + ḡ2ξZ − 1

8
iḡv3

√

ḡ′2 + ḡ2ξZC
ϕD − iḡ′ḡ2v3ξZ

4
√

ḡ′2 + ḡ2
CϕWB

η̄Z

ηZ

h

+
1

4
ivξZ

(

ḡ′2 + ḡ2
)

+
1

4
iv3ξZ

(

ḡ′2 + ḡ2
)

Cϕ�

+
1

16
iv3ξZ

(

ḡ′2 + ḡ2
)

CϕD +
1

2
iḡ′ḡv3ξZC

ϕWB

η̄+

ηA

G+

+
iḡ′ḡ2vξW

2
√

ḡ′2 + ḡ2
− iḡ′2ḡ3v3ξW

2 (ḡ′2 + ḡ2)3/2
CϕWB

η̄−

ηA

G−

+
iḡ′ḡ2vξW

2
√

ḡ′2 + ḡ2
− iḡ′2ḡ3v3ξW

2 (ḡ′2 + ḡ2)3/2
CϕWB
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η̄−

η−

A0
µ3

+
iḡ′ḡ

√

ḡ′2 + ḡ2
p
µ3

1
− iḡ′2ḡ2v2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1

η̄+

η+

A0
µ3

− iḡ′ḡ
√

ḡ′2 + ḡ2
p
µ3

1
+

iḡ′2ḡ2v2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1

η̄a1G

ηa2G

ga3µ3

−ḡsfa3a1a2p
µ3

1

η̄A

η−

W+
µ3

− iḡ′ḡ
√

ḡ′2 + ḡ2
p
µ3

1
− iḡ4v2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1

η̄+

ηZ

W+
µ3

+
iḡ2

√

ḡ′2 + ḡ2
p
µ3

1
+

iḡ′3ḡv2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1

η̄+

ηA

W+
µ3

+
iḡ′ḡ

√

ḡ′2 + ḡ2
p
µ3

1
− iḡ′2ḡ2v2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1

η̄Z

η−

W+
µ3

− iḡ2
√

ḡ′2 + ḡ2
p
µ3

1
+

iḡ′ḡ3v2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1

η̄A

η+

W−

µ3

+
iḡ′ḡ

√

ḡ′2 + ḡ2
p
µ3

1
+

iḡ4v2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1
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η̄−

ηZ

W−

µ3

− iḡ2
√

ḡ′2 + ḡ2
p
µ3

1
− iḡ′3ḡv2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1

η̄−

ηA

W−

µ3

− iḡ′ḡ
√

ḡ′2 + ḡ2
p
µ3

1
+

iḡ′2ḡ2v2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1

η̄Z

η+

W−

µ3

+
iḡ2

√

ḡ′2 + ḡ2
p
µ3

1
− iḡ′ḡ3v2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1

η̄−

η−

Z0
µ3

+
iḡ2

√

ḡ′2 + ḡ2
p
µ3

1
+

iḡ′3ḡv2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1

η̄+

η+

Z0
µ3

− iḡ2
√

ḡ′2 + ḡ2
p
µ3

1
− iḡ′3ḡv2

(ḡ′2 + ḡ2)3/2
CϕWBp

µ3

1
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