
A SMEFT interaction vertices

A.1 Lepton–gauge vertices
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ḡ2 + ḡ′2
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2ḡv

√

ḡ2 + ḡ′2
pν3

(

CeB∗

f2f1σ
µ3νPL + CeB

f1f2σ
µ3νPR

)

+

√
2ḡ′v
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2
U∗

f2f1γ
µ3PL − 2vpν3U

∗

g1f1C
eW
g1f2σ

µ3νPR − iḡv2√
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δf1f2

((

ḡ′
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iḡḡ′v2

2
(
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2ḡv

√
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ḡ2 + ḡ′2Cϕl3
g1g2

(

Ug2f2U
∗

g1f1γ
µ4PL − Ug2f1U

∗

g1f2γ
µ4PR

)

5



ef1

ef2

h

Z0
µ4

+

√
2ḡ′
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f1f2
γµ4PR − iḡvCϕl1
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ḡ2 + ḡ′2
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2ḡ′

√
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√
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ḡ2 + ḡ′2Cϕl3
g1g2

(

Ug2f2U
∗

g1f1γ
µ5PL − Ug2f1U

∗

g1f2γ
µ5PR

)

ef1

ef2 G0

G0

Z0
µ5

+i

√
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+ḡCϕe
f1f2

γµ5PR + ḡCϕl1
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ḡ2 + ḡ′2
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δf1f2γ

µ3 +
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pν3

(

CdB∗

f2f1σ
µ3νPL + CdB

f1f2σ
µ3νPR

)

+

√
2ḡ′v

√

ḡ2 + ḡ′2
pν3

(

CdW∗

f2f1 σ
µ3νPL + CdW

f1f2σ
µ3νPR

)

uf1

df2

W+
µ3

− iḡ√
2
Kf1f2γ

µ3PL − 2vpν3Kf1g1C
dW
g1f2σ

µ3νPR − iḡv2√
2
Kf1g1C

ϕq3
g1f2

γµ3PL

− iḡv2

2
√
2
Cϕud
f1f2

γµ3PR − 2vpν3Kg1f2σ
µ3νPLC

uW∗

g1f1

15



uf1

uf2

Z0
µ3

+
i

6
√

ḡ2 + ḡ′2
δf1f2

((

ḡ′
2 − 3ḡ2

)

γµ3PL + 4ḡ′
2
γµ3PR

)

− iḡḡ′v2

6
(

ḡ2 + ḡ′2
)3/2

δf1f2C
ϕWB

((

3ḡ′
2 − ḡ2

)

γµ3PL − 4ḡ2γµ3PR

)

+
1

2
iv2

√

ḡ2 + ḡ′2Kf1g2K
∗

f2g1C
ϕq1
g2g1γ

µ3PL

− 1

2
iv2

√

ḡ2 + ḡ′2Kf1g2K
∗

f2g1C
ϕq3
g2g1γ

µ3PL

+
1

2
iv2

√

ḡ2 + ḡ′2Cϕu
f1f2

γµ3PR

+

√
2ḡ′v

√

ḡ2 + ḡ′2
pν3

(

CuB∗

f2f1σ
µ3νPL + CuB

f1f2σ
µ3νPR

)

−
√
2ḡv

√

ḡ2 + ḡ′2
pν3

(

CuW∗

f2f1 σ
µ3νPL + CuW

f1f2σ
µ3νPR

)

df1

df2

Z0
µ3

+
i

6
√

ḡ2 + ḡ′2
δf1f2

((

3ḡ2 + ḡ′
2
)

γµ3PL − 2ḡ′
2
γµ3PR

)

+
iḡḡ′v2

6
(

ḡ2 + ḡ′2
)3/2

δf1f2C
ϕWB

((

ḡ2 + 3ḡ′
2
)

γµ3PL − 2ḡ2γµ3PR

)

+

√
2ḡ′v

√

ḡ2 + ḡ′2
pν3

(

CdB∗

f2f1σ
µ3νPL + CdB

f1f2σ
µ3νPR

)

+

√
2ḡv

√

ḡ2 + ḡ′2
pν3

(

CdW∗

f2f1 σ
µ3νPL + CdW

f1f2σ
µ3νPR

)

+
1

2
iv2

√

ḡ2 + ḡ′2Cϕd
f1f2

γµ3PR

+
1

2
iv2

√

ḡ2 + ḡ′2Cϕq1
f1f2

γµ3PL +
1

2
iv2

√

ḡ2 + ḡ′2Cϕq3
f1f2

γµ3PL

uf1

df2

A0
µ3

W+
µ4

− 2ḡḡ′v
√

ḡ2 + ḡ′2
Kf1g1σ

µ3µ4PRC
dW
g1f2 −

2ḡḡ′v
√

ḡ2 + ḡ′2
Kg1f2σ

µ3µ4PLC
uW∗

g1f1

uf1

uf2

W+
µ3

W−

µ4

−
√
2ḡv

(

σµ3µ4PLC
uW∗

f2f1 + CuW
f1f2σ

µ3µ4PR

)
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uf1

df2

W+
µ3

Z0
µ4

+
2ḡ2v

√

ḡ2 + ḡ′2
Kf1g1σ

µ3µ4PRC
dW
g1f2 +

2ḡ2v
√

ḡ2 + ḡ′2
Kg1f2σ

µ3µ4PLC
uW∗

g1f1

df1

df2

W+
µ3

W−

µ4

+
√
2ḡv

(

σµ3µ4PLC
dW∗

f2f1 + CdW
f1f2σ

µ3µ4PR

)

A.4 Quark–Higgs–gauge vertices

df1

uf2

G−

− i
√
2

v
K∗

f2f1

(

mdf1
PL −muf2

PR

)

− i
√
2v/p

3
PLK

∗

f2g1C
ϕq3
f1g1

− iv√
2
/p
3
PRC

ϕud∗
f2f1

df1

df2

G0

+
1

v
mdf1

δf1f2γ
5− v

4
mdf1

δf1f2C
ϕDγ5−v/p

3
PRC

ϕd
f1f2

−v/p
3
PLC

ϕq1
f1f2

−v/p
3
PLC

ϕq3
f1f2

df1

df2

h
− i

v
mdf1

δf1f2−ivmdf1
δf1f2C

ϕ�+
iv

4
mdf1

δf1f2C
ϕD+

iv2√
2

(

PLC
dϕ∗
f2f1

+PRC
dϕ
f1f2

)

uf1

uf2

G0

−1

v
muf1

δf1f2γ
5 +

v

4
muf1

δf1f2C
ϕDγ5 − vKf1g2/p3PLK

∗

f2g1C
ϕq1
g2g1

+ vKf1g2/p3PLK
∗

f2g1C
ϕq3
g2g1 − v/p

3
PRC

ϕu
f1f2
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uf1

uf2

h
− i

v
muf1

δf1f2−ivmuf1
δf1f2C

ϕ�+
iv

4
muf1

δf1f2C
ϕD+

iv2√
2

(

PLC
uϕ∗
f2f1

+PRC
uϕ
f1f2

)

uf1

df2

G+

h

+ivPRKf1g1C
dϕ
g1f2

+ i
√
2Kf1g1

(

/p
3
PL − /p

4
PL

)

Cϕq3
g1f2

+
i√
2

(

/p
3
PR − /p

4
PR

)

Cϕud
f1f2

− ivPLKg1f2C
uϕ∗
g1f1

uf1

uf2

G0

G0

+
iv√
2

(

PLC
uϕ∗
f2f1

+ PRC
uϕ
f1f2

)

uf1

uf2

G+

G−

+iKf1g2

(

/p
3
PL − /p

4
PL

)

K∗

f2g1C
ϕq1
g2g1 + iKf1g2

(

/p
3
PL − /p

4
PL

)

K∗

f2g1C
ϕq3
g2g1

+ i
(

/p
3
PR − /p

4
PR

)

Cϕu
f1f2

+
iv√
2

(

PLC
uϕ∗
f2f1

+ PRC
uϕ
f1f2

)

uf1

uf2

G0

h

−Kf1g2

(

/p
3
PL − /p

4
PL

)

K∗

f2g1C
ϕq1
g2g1 +Kf1g2

(

/p
3
PL − /p

4
PL

)

K∗

f2g1C
ϕq3
g2g1

−
(

/p
3
PR − /p

4
PR

)

Cϕu
f1f2

− v√
2

(

PLC
uϕ∗
f2f1

− PRC
uϕ
f1f2

)
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uf1

uf2

h

h

+
3iv√
2

(

PLC
uϕ∗
f2f1

+ PRC
uϕ
f1f2

)

df1

df2

G+

G−

+
iv√
2

(

PLC
dϕ∗
f2f1

+ PRC
dϕ
f1f2

)

+ i
(

/p
3
PR − /p

4
PR

)

Cϕd
f1f2

+ i
(

/p
3
PL − /p

4
PL

)

Cϕq1
f1f2

− i
(

/p
3
PL − /p

4
PL

)

Cϕq3
f1f2

df1

df2

G0

G0

+
iv√
2

(

PLC
dϕ∗
f2f1

+ PRC
dϕ
f1f2

)

df1

df2

G0

h

+
v√
2

(

PLC
dϕ∗
f2f1

− PRC
dϕ
f1f2

)

−
(

/p
3
PR − /p

4
PR

)

Cϕd
f1f2

−
(

/p
3
PL − /p

4
PL

)

Cϕq1
f1f2

−
(

/p
3
PL − /p

4
PL

)

Cϕq3
f1f2

df1

df2

h

h

+
3iv√
2

(

PLC
dϕ∗
f2f1

+ PRC
dϕ
f1f2

)
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uf1

uf2

A0
µ3

h

−
√
2ḡ

√

ḡ2 + ḡ′2
pν3

(

CuB∗

f2f1σ
µ3νPL + CuB

f1f2σ
µ3νPR

)

−
√
2ḡ′

√

ḡ2 + ḡ′2
pν3

(

CuW∗

f2f1 σ
µ3νPL + CuW

f1f2σ
µ3νPR

)

df1

df2

A0
µ3

h

−
√
2ḡ

√

ḡ2 + ḡ′2
pν3

(

CdB∗

f2f1σ
µ3νPL +CdB

f1f2σ
µ3νPR

)

+

√
2ḡ′

√

ḡ2 + ḡ′2
pν3

(

CdW∗

f2f1 σ
µ3νPL + CdW

f1f2σ
µ3νPR

)

uf1

uf2

h

Z0
µ4

+iv

√

ḡ2 + ḡ′2Kf1g2K
∗

f2g1C
ϕq1
g2g1γ

µ4PL

− iv

√

ḡ2 + ḡ′2Kf1g2K
∗

f2g1C
ϕq3
g2g1γ

µ4PL + iv

√

ḡ2 + ḡ′2Cϕu
f1f2

γµ4PR

+

√
2ḡ′

√

ḡ2 + ḡ′2
pν4

(

CuB∗

f2f1σ
µ4νPL + CuB

f1f2σ
µ4νPR

)

−
√
2ḡ

√

ḡ2 + ḡ′2
pν4

(

CuW∗

f2f1 σ
µ4νPL + CuW

f1f2σ
µ4νPR

)

df1

df2

h

Z0
µ4

+

√
2ḡ′

√

ḡ2 + ḡ′2
pν4

(

CdB∗

f2f1σ
µ4νPL + CdB

f1f2σ
µ4νPR

)

+

√
2ḡ

√

ḡ2 + ḡ′2
pν4

(

CdW∗

f2f1 σ
µ4νPL + CdW

f1f2σ
µ4νPR

)

+ iv

√

ḡ2 + ḡ′2Cϕd
f1f2

γµ4PR

+ iv

√

ḡ2 + ḡ′2Cϕq1
f1f2

γµ4PL + iv

√

ḡ2 + ḡ′2Cϕq3
f1f2

γµ4PL
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uf1

uf2

G−

W+
µ4

−iḡvKf1g2K
∗

f2g1C
ϕq1
g2g1γ

µ4PL − iḡvCϕu
f1f2

γµ4PR + 2
√
2pν4C

uW
f1f2σ

µ4νPR

df1

df2

G−

W+
µ4

−2
√
2pν4C

dW∗

f2f1 σ
µ4νPL − iḡvCϕd

f1f2
γµ4PR − iḡvCϕq1

f1f2
γµ4PL

uf1

df2

G0

G+

−
√
2Kf1g1

(

/p
3
PL − /p

4
PL

)

Cϕq3
g1f2

+
1√
2

(

/p
3
PR − /p

4
PR

)

Cϕud
f1f2

df1

uf2

A0
µ3

G−

− 2ḡ
√

ḡ2 + ḡ′2
pν3K

∗

f2g1σ
µ3νPLC

dB∗

g1f1 −
2ḡ′

√

ḡ2 + ḡ′2
pν3K

∗

f2g1σ
µ3νPLC

dW∗

g1f1

− i
√
2ḡḡ′v

√

ḡ2 + ḡ′2
K∗

f2g1C
ϕq3
f1g1

γµ3PL − iḡḡ′v
√
2
√

ḡ2 + ḡ′2
Cϕud∗
f2f1

γµ3PR

+
2ḡ

√

ḡ2 + ḡ′2
pν3K

∗

g1f1C
uB
g1f2σ

µ3νPR − 2ḡ′
√

ḡ2 + ḡ′2
pν3K

∗

g1f1C
uW
g1f2σ

µ3νPR

df1

uf2

G−

Z0
µ4

+
2ḡ′

√

ḡ2 + ḡ′2
pν4K

∗

f2g1σ
µ4νPLC

dB∗

g1f1 −
2ḡ

√

ḡ2 + ḡ′2
pν4K

∗

f2g1σ
µ4νPLC

dW∗

g1f1

+
i
√
2ḡ′2v

√

ḡ2 + ḡ′2
K∗

f2g1C
ϕq3
f1g1

γµ4PL − iḡ2v
√
2
√

ḡ2 + ḡ′2
Cϕud∗
f2f1

γµ4PR

− 2ḡ′
√

ḡ2 + ḡ′2
pν4K

∗

g1f1C
uB
g1f2σ

µ4νPR − 2ḡ
√

ḡ2 + ḡ′2
pν4K

∗

g1f1C
uW
g1f2σ

µ4νPR
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uf1

df2

h

W+
µ4

−2pν4Kf1g1C
dW
g1f2σ

µ4νPR − i
√
2ḡvKf1g1C

ϕq3
g1f2

γµ4PL

− iḡv√
2
Cϕud
f1f2

γµ4PR − 2pν4Kg1f2σ
µ4νPLC

uW∗

g1f1

df1

uf2

G0

W−

µ4

+2ipν4K
∗

f2g1σ
µ4νPLC

dW∗

g1f1 − ḡv√
2
Cϕud∗
f2f1

γµ4PR + 2ipν4K
∗

g1f1C
uW
g1f2σ

µ4νPR

uf1

uf2

A0
µ3

G0

− i
√
2ḡ

√

ḡ2 + ḡ′2
pν3

(

CuB∗

f2f1σ
µ3νPL − CuB

f1f2σ
µ3νPR

)

− i
√
2ḡ′

√

ḡ2 + ḡ′2
pν3

(

CuW∗

f2f1 σ
µ3νPL − CuW

f1f2σ
µ3νPR

)

uf1

uf2

G0

Z0
µ4

+
i
√
2ḡ′

√

ḡ2 + ḡ′2
pν4

(

CuB∗

f2f1σ
µ4νPL − CuB

f1f2σ
µ4νPR

)

− i
√
2ḡ

√

ḡ2 + ḡ′2
pν4

(

CuW∗

f2f1 σ
µ4νPL − CuW

f1f2σ
µ4νPR

)

df1

df2

A0
µ3

G0

+
i
√
2ḡ

√

ḡ2 + ḡ′2
pν3

(

CdB∗

f2f1σ
µ3νPL −CdB

f1f2σ
µ3νPR

)

− i
√
2ḡ′

√

ḡ2 + ḡ′2
pν3

(

CdW∗

f2f1 σ
µ3νPL − CdW

f1f2σ
µ3νPR

)
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df1

df2

G0

Z0
µ4

− i
√
2ḡ′

√

ḡ2 + ḡ′2
pν4

(

CdB∗

f2f1σ
µ4νPL −CdB

f1f2σ
µ4νPR

)

− i
√
2ḡ

√

ḡ2 + ḡ′2
pν4

(

CdW∗

f2f1 σ
µ4νPL − CdW

f1f2σ
µ4νPR

)

uf1

df2 G0

G0

G+

+iPRKf1g1C
dϕ
g1f2

− iPLKg1f2C
uϕ∗
g1f1

uf1

df2 G+

G+

G−

+2iPRKf1g1C
dϕ
g1f2

− 2iPLKg1f2C
uϕ∗
g1f1

uf1

df2 G+

h

h

+iPRKf1g1C
dϕ
g1f2

− iPLKg1f2C
uϕ∗
g1f1

uf1

uf2 G0

G0

G0

− 3√
2

(

PLC
uϕ∗
f2f1

− PRC
uϕ
f1f2

)
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uf1

uf2 G0

G+

G−

− 1√
2

(

PLC
uϕ∗
f2f1

− PRC
uϕ
f1f2

)

uf1

uf2 G0

G0

h

+
i√
2

(

PLC
uϕ∗
f2f1

+ PRC
uϕ
f1f2

)

uf1

uf2 G+

G−

h

+
i√
2

(

PLC
uϕ∗
f2f1

+ PRC
uϕ
f1f2

)

uf1

uf2 G0

h

h

− 1√
2

(

PLC
uϕ∗
f2f1

− PRC
uϕ
f1f2

)

uf1

uf2 h

h

h

+
3i√
2

(

PLC
uϕ∗
f2f1

+ PRC
uϕ
f1f2

)
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df1

df2 G0

G+

G−

+
1√
2

(

PLC
dϕ∗
f2f1

− PRC
dϕ
f1f2

)

df1

df2 G+

G−

h

+
i√
2

(

PLC
dϕ∗
f2f1

+ PRC
dϕ
f1f2

)

df1

df2 G0

G0

G0

+
3√
2

(

PLC
dϕ∗
f2f1

− PRC
dϕ
f1f2

)

df1

df2 G0

G0

h

+
i√
2

(

PLC
dϕ∗
f2f1

+ PRC
dϕ
f1f2

)

df1

df2 G0

h

h

+
1√
2

(

PLC
dϕ∗
f2f1

− PRC
dϕ
f1f2

)
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df1

df2 h

h

h

+
3i√
2

(

PLC
dϕ∗
f2f1

+ PRC
dϕ
f1f2

)

uf1

uf2 A0
µ3

G+

G−

− 2iḡḡ′
√

ḡ2 + ḡ′2
Kf1g2K

∗

f2g1C
ϕq1
g2g1γ

µ3PL

− 2iḡḡ′
√

ḡ2 + ḡ′2
Kf1g2K

∗

f2g1C
ϕq3
g2g1γ

µ3PL − 2iḡḡ′
√

ḡ2 + ḡ′2
Cϕu
f1f2

γµ3PR

df1

df2 A0
µ3

G+

G−

− 2iḡḡ′
√

ḡ2 + ḡ′2
Cϕd
f1f2

γµ3PR − 2iḡḡ′
√

ḡ2 + ḡ′2
Cϕq1
f1f2

γµ3PL +
2iḡḡ′

√

ḡ2 + ḡ′2
Cϕq3
f1f2

γµ3PL

uf1

uf2 G+

G−

Z0
µ5

+
i
(

ḡ′2 − ḡ2
)

√

ḡ2 + ḡ′2
Kf1g2K

∗

f2g1C
ϕq1
g2g1γ

µ5PL

+
i
(

ḡ′2 − ḡ2
)

√

ḡ2 + ḡ′2
Kf1g2K

∗

f2g1C
ϕq3
g2g1γ

µ5PL +
i
(

ḡ′2 − ḡ2
)

√

ḡ2 + ḡ′2
Cϕu
f1f2

γµ5PR

df1

df2 G+

G−

Z0
µ5

+
i
(

ḡ′2 − ḡ2
)

√

ḡ2 + ḡ′2
Cϕd
f1f2

γµ5PR +
i
(

ḡ′2 − ḡ2
)

√

ḡ2 + ḡ′2
Cϕq1
f1f2

γµ5PL

−
i
(

ḡ′2 − ḡ2
)

√

ḡ2 + ḡ′2
Cϕq3
f1f2

γµ5PL
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uf1

uf2 G0

G0

Z0
µ5

+i

√

ḡ2 + ḡ′2Kf1g2K
∗

f2g1C
ϕq1
g2g1γ

µ5PL

− i

√

ḡ2 + ḡ′2Kf1g2K
∗

f2g1C
ϕq3
g2g1γ

µ5PL + i

√

ḡ2 + ḡ′2Cϕu
f1f2

γµ5PR

uf1

uf2 h

h

Z0
µ5

+i

√

ḡ2 + ḡ′2Kf1g2K
∗

f2g1C
ϕq1
g2g1γ

µ5PL

− i

√

ḡ2 + ḡ′2Kf1g2K
∗

f2g1C
ϕq3
g2g1γ

µ5PL + i

√

ḡ2 + ḡ′2Cϕu
f1f2

γµ5PR

df1

df2 G0

G0

Z0
µ5

+i

√

ḡ2 + ḡ′2Cϕd
f1f2

γµ5PR + i

√

ḡ2 + ḡ′2Cϕq1
f1f2

γµ5PL + i

√

ḡ2 + ḡ′2Cϕq3
f1f2

γµ5PL

df1

df2 h

h

Z0
µ5

+i

√

ḡ2 + ḡ′2Cϕd
f1f2

γµ5PR + i

√

ḡ2 + ḡ′2Cϕq1
f1f2

γµ5PL + i

√

ḡ2 + ḡ′2Cϕq3
f1f2

γµ5PL

uf1

uf2 G0

G−

W+
µ5

+ḡKf1g2K
∗

f2g1C
ϕq1
g2g1γ

µ5PL + ḡCϕu
f1f2

γµ5PR

27



uf1

uf2 G−

h

W+
µ5

−iḡKf1g2K
∗

f2g1C
ϕq1
g2g1γ

µ5PL − iḡCϕu
f1f2

γµ5PR

df1

df2 G0

G−

W+
µ5

+ḡCϕd
f1f2

γµ5PR + ḡCϕq1
f1f2

γµ5PL

df1

df2 G−

h

W+
µ5

−iḡCϕd
f1f2

γµ5PR − iḡCϕq1
f1f2

γµ5PL

df1

uf2 A0
µ3

G0

G−

+

√
2ḡḡ′

√

ḡ2 + ḡ′2
K∗

f2g1C
ϕq3
f1g1

γµ3PL − ḡḡ′
√
2
√

ḡ2 + ḡ′2
Cϕud∗
f2f1

γµ3PR

df1

uf2 A0
µ3

G−

h

− i
√
2ḡḡ′

√

ḡ2 + ḡ′2
K∗

f2g1C
ϕq3
f1g1

γµ3PL − iḡḡ′
√
2
√

ḡ2 + ḡ′2
Cϕud∗
f2f1

γµ3PR
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df1

uf2 G0

G−

Z0
µ5

−
√
2ḡ′2

√

ḡ2 + ḡ′2
K∗

f2g1C
ϕq3
f1g1

γµ5PL − ḡ2
√
2
√

ḡ2 + ḡ′2
Cϕud∗
f2f1

γµ5PR

df1

uf2 G−

h

Z0
µ5

+
i
√
2ḡ′2

√

ḡ2 + ḡ′2
K∗

f2g1C
ϕq3
f1g1

γµ5PL − iḡ2
√
2
√

ḡ2 + ḡ′2
Cϕud∗
f2f1

γµ5PR

df1

uf2 G+

G−

W−

µ5

−i
√
2ḡK∗

f2g1C
ϕq3
f1g1

γµ5PL

uf1

df2 G0

G0

W+
µ5

−i
√
2ḡKf1g1C

ϕq3
g1f2

γµ5PL +
iḡ√
2
Cϕud
f1f2

γµ5PR

uf1

df2 h

h

W+
µ5

−i
√
2ḡKf1g1C

ϕq3
g1f2

γµ5PL − iḡ√
2
Cϕud
f1f2

γµ5PR
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df1

uf2 G0

h

W−

µ5

− ḡ√
2
Cϕud∗
f2f1

γµ5PR

uf1

uf2 A0
µ3

G+

W−

µ5

− 2
√
2ḡḡ′

√

ḡ2 + ḡ′2
σµ3µ5PLC

uW∗

f2f1

uf1

df2 A0
µ3

G0

W+
µ5

− 2iḡḡ′
√

ḡ2 + ḡ′2
Kf1g1σ

µ3µ5PRC
dW
g1f2 −

2iḡḡ′
√

ḡ2 + ḡ′2
Kg1f2σ

µ3µ5PLC
uW∗

g1f1

uf1

df2 A0
µ3

h

W+
µ5

− 2ḡḡ′
√

ḡ2 + ḡ′2
Kf1g1σ

µ3µ5PRC
dW
g1f2 −

2ḡḡ′
√

ḡ2 + ḡ′2
Kg1f2σ

µ3µ5PLC
uW∗

g1f1

uf1

uf2 G0

W+
µ4

W−

µ5

−i
√
2ḡ

(

σµ4µ5PLC
uW∗

f2f1 − CuW
f1f2σ

µ4µ5PR

)
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uf1

uf2 h

W+
µ4

W−

µ5

−
√
2ḡ

(

σµ4µ5PLC
uW∗

f2f1 + CuW
f1f2σ

µ4µ5PR

)

uf1

df2 G+

W+
µ4

W−

µ5

−2ḡKf1g1σ
µ4µ5PRC

dW
g1f2 − 2ḡKg1f2σ

µ4µ5PLC
uW∗

g1f1

uf1

uf2 G+

W−

µ4

Z0
µ5

+
2
√
2ḡ2

√

ḡ2 + ḡ′2
σµ4µ5PLC

uW∗

f2f1

uf1

df2 G0

W+
µ4

Z0
µ5

+
2iḡ2

√

ḡ2 + ḡ′2
Kf1g1σ

µ4µ5PRC
dW
g1f2 +

2iḡ2
√

ḡ2 + ḡ′2
Kg1f2σ

µ4µ5PLC
uW∗

g1f1

uf1

df2 h

W+
µ4

Z0
µ5

+
2ḡ2

√

ḡ2 + ḡ′2
Kf1g1σ

µ4µ5PRC
dW
g1f2 +

2ḡ2
√

ḡ2 + ḡ′2
Kg1f2σ

µ4µ5PLC
uW∗

g1f1
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df1

df2 A0
µ3

G−

W+
µ5

− 2
√
2ḡḡ′

√

ḡ2 + ḡ′2
σµ3µ5PLC

dW∗

f2f1

df1

df2 G0

W+
µ4

W−

µ5

−i
√
2ḡ

(

σµ4µ5PLC
dW∗

f2f1 − CdW
f1f2σ

µ4µ5PR

)

df1

df2 h

W+
µ4

W−

µ5

+
√
2ḡ

(

σµ4µ5PLC
dW∗

f2f1 + CdW
f1f2σ

µ4µ5PR

)

df1

df2 G−

W+
µ4

Z0
µ5

+
2
√
2ḡ2

√

ḡ2 + ḡ′2
σµ4µ5PLC

dW∗

f2f1

A.5 Quark-gluon vertices

uf1m1

uf2m2

ga3µ3

−iḡsδf1f2T a3
m1m2

γµ3 −
√
2vpν3T a3

m1m2

(

CuG∗

f2f1σ
µ3νPL + CuG

f1f2σ
µ3νPR

)
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df1m1

df2m2

ga3µ3

−iḡsδf1f2T a3
m1m2

γµ3 −
√
2vpν3T a3

m1m2

(

CdG∗

f2f1σ
µ3νPL + CdG

f1f2σ
µ3νPR

)

uf1m1

df2m2

ga3µ3

G+

−2pν3T a3
m1m2

Kf1g1C
dG
g1f2σ

µ3νPR + 2pν3T a3
m1m2

Kg1f2σ
µ3νPLC

uG∗

g1f1

uf1m1

uf2m2

ga3µ3

G0

−i
√
2pν3T a3

m1m2

(

CuG∗

f2f1σ
µ3νPL − CuG

f1f2σ
µ3νPR

)

uf1m1

uf2m2

ga3µ3

h

−
√
2pν3T a3

m1m2

(

CuG∗

f2f1σ
µ3νPL + CuG

f1f2σ
µ3νPR

)

uf1m1

uf2m2

ga3µ3

ga4µ4

−i
√
2vḡsfa3a4b1T b1

m1m2

(

σµ3µ4PLC
uG∗

f2f1 + CuG
f1f2σ

µ3µ4PR

)

df1m1

df2m2

ga3µ3

G0

+i
√
2pν3T a3

m1m2

(

CdG∗

f2f1σ
µ3νPL − CdG

f1f2σ
µ3νPR

)
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df1m1

df2m2

ga3µ3

h

−
√
2pν3T a3

m1m2

(

CdG∗

f2f1σ
µ3νPL + CdG

f1f2σ
µ3νPR

)

df1m1

df2m2

ga3µ3

ga4µ4

−i
√
2vḡsfa3a4b1T b1

m1m2

(

σµ3µ4PLC
dG∗

f2f1 + CdG
f1f2σ

µ3µ4PR

)

uf1m1

df2m2
ga3µ3

ga4µ4

G+

−2iḡsfa3a4b1Kf1g1T b1
m1m2

σµ3µ4PRC
dG
g1f2 + 2iḡsfa3a4b1Kg1f2T b1

m1m2
σµ3µ4PLC

uG∗

g1f1

uf1m1

uf2m2
ga3µ3

ga4µ4

G0

+
√
2ḡsfa3a4b1T b1

m1m2

(

σµ3µ4PLC
uG∗

f2f1 − CuG
f1f2σ

µ3µ4PR

)

uf1m1

uf2m2
ga3µ3

ga4µ4

h

−i
√
2ḡsfa3a4b1T b1

m1m2

(

σµ3µ4PLC
uG∗

f2f1 + CuG
f1f2σ

µ3µ4PR

)
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df1m1

df2m2
ga3µ3

ga4µ4

G0

−
√
2ḡsfa3a4b1T b1

m1m2

(

σµ3µ4PLC
dG∗

f2f1 − CdG
f1f2σ

µ3µ4PR

)

df1m1

df2m2
ga3µ3

ga4µ4

h

−i
√
2ḡsfa3a4b1T b1

m1m2

(

σµ3µ4PLC
dG∗

f2f1 + CdG
f1f2σ

µ3µ4PR

)

A.6 Gauge self interaction vertices

A0
µ1

W+
µ2

W−

µ3

+
iḡḡ′

√

ḡ2 + ḡ′2
(ηµ1µ2

pµ3

1
− ηµ1µ2

pµ3

2
− ηµ1µ3

pµ2

1

+ ηµ1µ3
pµ2

3
+ ηµ2µ3

pµ1

2
− ηµ2µ3

pµ1

3
)

+
iḡ2v2

(

ḡ2 + ḡ′2
)3/2

CϕWB
(

ḡ2ηµ1µ2
pµ3

1
− ḡ2ηµ1µ3

pµ2

1

+ ḡ′
2
ηµ1µ2

pµ3

2
− ḡ′

2
ηµ1µ3

pµ2

3
− ḡ′

2
ηµ2µ3

pµ1

2
+ ḡ′

2
ηµ2µ3

pµ1

3

)

− 2iḡḡ′v2
√

ḡ2 + ḡ′2
CϕW̃ (pα1

1
+ pα1

2
+ pα1

3
) ǫµ1µ2µ3α1

+
iḡ2v2

√

ḡ2 + ḡ′2
CϕW̃Bpα1

1
ǫµ1µ2µ3α1

− 6iḡ′
√

ḡ2 + ḡ′2
CW (p1 · p2ηµ1µ3

pµ2

3
− p1 · p2ηµ2µ3

pµ1

3

− p1 · p3ηµ1µ2
pµ3

2
+ p1 · p3ηµ2µ3

pµ1

2

+ pµ3

1
(p2 · p3ηµ1µ2

− pµ1

2
pµ2

3
) + pµ2

1
(pµ3

2
pµ1

3
− p2 · p3ηµ1µ3

))

− 2iḡ′
√

ḡ2 + ḡ′2
CW̃

(

p1 · p2pα1

3
ǫµ1µ2µ3α1

+ p1 · p3pα1

2
ǫµ1µ2µ3α1

+ p2 · p3pα1

1
ǫµ1µ2µ3α1

+ ηµ1µ2
pα1

1
pβ1

2
pγ1
3
ǫµ3α1β1γ1

+ ηµ1µ3
pα1

1
pβ1

2
pγ1
3
ǫµ2α1β1γ1 + ηµ2µ3

pα1

1
pβ1

2
pγ1
3
ǫµ1α1β1γ1

+ pα1

1
pβ1

3
pµ1

2
(−ǫµ2µ3α1β1

) + pβ1

3
(pα1

2
pµ3

1
+ pα1

1
pµ3

2
) ǫµ1µ2α1β1

−pα1

1
pβ1

2
pµ1

3
ǫµ2µ3α1β1

+ ǫµ1µ3α1β1

(

pα1

2
pβ1

3
pµ2

1
−pα1

1
pβ1

2
pµ2

3

))
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W+
µ1

W−

µ2

Z0
µ3

+
iḡ2

√

ḡ2 + ḡ′2
(ηµ1µ2

pµ3

1
− ηµ1µ2

pµ3

2
− ηµ1µ3

pµ2

1

+ ηµ1µ3
pµ2

3
+ ηµ2µ3

pµ1

2
− ηµ2µ3

pµ1

3
)

+
iḡḡ′v2

(

ḡ2 + ḡ′2
)3/2

CϕWB
(

ḡ2ηµ1µ3
(−pµ2

3
) + ḡ2ηµ2µ3

pµ1

3

+ ḡ′
2
ηµ1µ2

pµ3

1
− ḡ′

2
ηµ1µ2

pµ3

2
− ḡ′

2
ηµ1µ3

pµ2

1
+ ḡ′

2
ηµ2µ3

pµ1

2

)

− 2iḡ2v2
√

ḡ2 + ḡ′2
CϕW̃ (pα1

1
+ pα1

2
+ pα1

3
) ǫµ1µ2µ3α1

− iḡḡ′v2
√

ḡ2 + ḡ′2
CϕW̃Bpα1

3
ǫµ1µ2µ3α1

− 6iḡ
√

ḡ2 + ḡ′2
CW (p1 · p2ηµ1µ3

pµ2

3
− p1 · p2ηµ2µ3

pµ1

3

− p1 · p3ηµ1µ2
pµ3

2
+ p1 · p3ηµ2µ3

pµ1

2

+ pµ3

1
(p2 · p3ηµ1µ2

− pµ1

2
pµ2

3
) + pµ2

1
(pµ3

2
pµ1

3
− p2 · p3ηµ1µ3

))

− 2iḡ
√

ḡ2 + ḡ′2
CW̃

(

p1 · p2pα1

3
ǫµ1µ2µ3α1

+ p1 · p3pα1

2
ǫµ1µ2µ3α1

+ p2 · p3pα1

1
ǫµ1µ2µ3α1

+ ηµ1µ2
pα1

1
pβ1

2
pγ1
3
ǫµ3α1β1γ1

+ ηµ1µ3
pα1

1
pβ1

2
pγ1
3
ǫµ2α1β1γ1 + ηµ2µ3

pα1

1
pβ1

2
pγ1
3
ǫµ1α1β1γ1

+ pα1

1
pβ1

3
pµ1

2
(−ǫµ2µ3α1β1

) + pβ1

3
(pα1

2
pµ3

1
+ pα1

1
pµ3

2
) ǫµ1µ2α1β1

−pα1

1
pβ1

2
pµ1

3
ǫµ2µ3α1β1

+ ǫµ1µ3α1β1

(

pα1

2
pβ1

3
pµ2

1
−pα1

1
pβ1

2
pµ2

3

))
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A0
µ1

A0
µ2

W+
µ3

W−

µ4

+
iḡ2ḡ′2

ḡ2 + ḡ′2
(ηµ1µ4

ηµ2µ3
+ ηµ1µ3

ηµ2µ4
− 2ηµ1µ2

ηµ3µ4
)

− 2iḡ3ḡ′3v2
(

ḡ2 + ḡ′2
)2

(ηµ1µ4
ηµ2µ3

+ ηµ1µ3
ηµ2µ4

− 2ηµ1µ2
ηµ3µ4

)CϕWB

− 6iḡḡ′2

ḡ2 + ḡ′2
CW (ηµ1µ2

pµ4

1
pµ3

4
+ ηµ1µ2

pµ4

2
pµ3

4
+ ηµ1µ3

pµ4

1
pµ2

3

− ηµ1µ3
pµ4

2
pµ2

3
− ηµ1µ3

pµ2

1
pµ4

3
− ηµ1µ3

pµ4

1
pµ2

4
− ηµ1µ4

pµ2

1
pµ3

4

− ηµ2µ3
pµ4

1
pµ1

3
+ ηµ2µ3

pµ4

2
pµ1

3
− ηµ2µ3

pµ1

2
pµ4

3
− ηµ2µ3

pµ4

2
pµ1

4

− ηµ2µ4
pµ1

2
pµ3

4
+ pµ3

1
(ηµ1µ2

pµ4

3
− ηµ1µ4

pµ2

3
+ ηµ1µ4

pµ2

4
− ηµ2µ4

pµ1

4
)

+ pµ3

2
(ηµ1µ2

pµ4

3
− ηµ1µ4

pµ2

4
+ ηµ2µ4

(pµ1

4
− pµ1

3
)) + ηµ3µ4

pµ2

1
pµ1

3

+ ηµ3µ4
pµ1

2
pµ2

3
+ ηµ3µ4

pµ2

1
pµ1

4
+ ηµ3µ4

pµ1

2
pµ2

4
− p1 · p3ηµ3µ4

ηµ1µ2

− p1 · p4ηµ3µ4
ηµ1µ2

− p2 · p3ηµ3µ4
ηµ1µ2

− p2 · p4ηµ3µ4
ηµ1µ2

+ p1 · p3ηµ1µ4
ηµ2µ3

+ p1 · p4ηµ1µ3
ηµ2µ4

+ p2 · p3ηµ1µ3
ηµ2µ4

+ p2 · p4ηµ1µ4
ηµ2µ3

)

+
2iḡḡ′2

ḡ2 + ḡ′2
CW̃

(

−ǫµ1µ2µ3α1
pµ4

1
pα1

3
+ ǫµ2µ4µ3α1

pµ1

2
pα1

3
+ ǫµ1µ2µ3α1

pµ4

2
pα1

3

+ ǫµ2µ4µ3α1
pα1

1
pµ1

3
+ ǫµ2µ4µ3α1

pα1

2
pµ1

3
− ǫµ1µ2µ3α1

pα1

1
pµ4

3
+ ǫµ1µ2µ3α1

pα1

2
pµ4

3

− ǫµ1µ2µ3α1
pµ4

1
pα1

4
− ǫµ2µ4µ3α1

pµ1

2
pα1

4
+ ǫµ1µ2µ3α1

pµ4

2
pα1

4
− ǫµ2µ4µ3α1

pα1

1
pµ1

4

− ǫµ2µ4µ3α1
pα1

2
pµ1

4
+ ǫµ1µ4µ3α1

(pµ2

1
(pα1

3
− pα1

4
) + (pα1

1
+ pα1

2
) (pµ2

3
− pµ2

4
))

+ ǫµ1µ2µ4α1
(−pµ3

1
(pα1

3
+ pα1

4
) + pµ3

2
(pα1

3
+ pα1

4
) + (pα1

2
− pα1

1
) pµ3

4
)

− ǫµ4µ3α1β1
pα1

1
pβ1

3
ηµ1µ2

− ǫµ4µ3α1β1
pα1

2
pβ1

3
ηµ1µ2

+ ǫµ4µ3α1β1
pα1

1
pβ1

4
ηµ1µ2

+ ǫµ4µ3α1β1
pα1

2
pβ1

4
ηµ1µ2

+ ǫµ2µ4α1β1
pα1

1
pβ1

3
ηµ1µ3

+ ǫµ2µ4α1β1
pα1

2
pβ1

3
ηµ1µ3

+ ǫµ2µ4α1β1
pα1

1
pβ1

4
ηµ1µ3

+ ǫµ2µ3α1β1
pα1

1
pβ1

3
ηµ1µ4

+ ǫµ2µ3α1β1
pα1

1
pβ1

4
ηµ1µ4

+ ǫµ2µ3α1β1
pα1

2
pβ1

4
ηµ1µ4

+ ǫµ1µ4α1β1
pα1

1
pβ1

3
ηµ2µ3

+ ǫµ1µ4α1β1
pα1

2
pβ1

3
ηµ2µ3

+ ǫµ1µ4α1β1
pα1

2
pβ1

4
ηµ2µ3

+ ǫµ1µ3α1β1
pα1

2
pβ1

3
ηµ2µ4

+ ǫµ1µ3α1β1
pα1

1
pβ1

4
ηµ2µ4

+ ǫµ1µ3α1β1
pα1

2
pβ1

4
ηµ2µ4

− ǫµ1µ2α1β1
pα1

1
pβ1

3
ηµ3µ4

+ ǫµ1µ2α1β1
pα1

2
pβ1

3
ηµ3µ4

− ǫµ1µ2α1β1
pα1

1
pβ1

4
ηµ3µ4

+ ǫµ1µ2α1β1
pα1

2
pβ1

4
ηµ3µ4

+ ǫµ1µ2µ4µ3
p1 · p3

− ǫµ1µ2µ4µ3
p1 · p4 − ǫµ1µ2µ4µ3

p2 · p3 + ǫµ1µ2µ4µ3
p2 · p4

)
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A0
µ1

W+
µ2

W−

µ3

Z0
µ4

− iḡ3ḡ′

ḡ2 + ḡ′2
(2ηµ1µ4

ηµ2µ3
− ηµ1µ3

ηµ2µ4
− ηµ1µ2

ηµ3µ4
)

−
iḡ2ḡ′2v2

(

ḡ′2 − ḡ2
)

(

ḡ2 + ḡ′2
)2

(2ηµ1µ4
ηµ2µ3

− ηµ1µ3
ηµ2µ4

− ηµ1µ2
ηµ3µ4

)CϕWB

+
6iḡ2ḡ′

ḡ2 + ḡ′2
CW (ηµ1µ2

pµ4

2
pµ3

4
+ ηµ1µ3

pµ2

1
pµ4

2
− ηµ1µ3

pµ2

1
pµ4

3
+ ηµ1µ3

pµ4

3
pµ2

4

− ηµ1µ4
pµ2

1
pµ3

2
− ηµ1µ4

pµ3

2
pµ2

4
− ηµ1µ4

pµ2

3
pµ3

4
− ηµ2µ3

pµ4

2
pµ1

4
− ηµ2µ3

pµ4

3
pµ1

4

+ pµ4

1
(ηµ1µ2

pµ3

2
+ ηµ1µ3

pµ2

3
− ηµ2µ3

(pµ1

2
+ pµ1

3
)) + ηµ2µ4

pµ3

2
pµ1

4
− ηµ2µ4

pµ1

2
pµ3

4

+ ηµ2µ4
pµ1

3
pµ3

4
+ pµ3

1
(ηµ1µ2

(−pµ4

2
) + ηµ1µ2

pµ4

3
− ηµ1µ4

pµ2

3
+ ηµ2µ4

pµ1

2
)

+ ηµ3µ4
pµ2

1
pµ1

3
+ ηµ3µ4

pµ2

3
pµ1

4
+ ηµ3µ4

pµ1

2
pµ2

4
− ηµ3µ4

pµ1

3
pµ2

4
− p1 · p3ηµ3µ4

ηµ1µ2

− p2 · p4ηµ3µ4
ηµ1µ2

+ p1 · p2ηµ1µ4
ηµ2µ3

− p1 · p2ηµ1µ3
ηµ2µ4

+ p1 · p3ηµ1µ4
ηµ2µ3

+ p2 · p4ηµ1µ4
ηµ2µ3

+ p3 · p4ηµ1µ4
ηµ2µ3

− p3 · p4ηµ1µ3
ηµ2µ4

)

+
2iḡ2ḡ′

ḡ2 + ḡ′2
CW̃

(

ǫµ1µ3µ2α1
pµ4

1
pα1

2
− ǫµ3µ4µ2α1

pµ1

4
pα1

2
+ ǫµ3µ4α1β1

pβ1

4
ηµ1µ2

pα1

2

+ ǫµ3µ2α1β1
pβ1

4
ηµ1µ4

pα1

2
− ǫµ1µ4α1β1

pβ1

4
ηµ2µ3

pα1

2
− ǫµ1µ3α1β1

pβ1

4
ηµ2µ4

pα1

2

− ǫµ1µ2α1β1
pβ1

4
ηµ3µ4

pα1

2
− ǫµ3µ4µ2α1

pα1

1
pµ1

2
+ ǫµ1µ3µ2α1

pα1

1
pµ4

2

− ǫµ1µ3µ2α1
pµ4

1
pα1

3
+ ǫµ3µ4µ2α1

pα1

1
pµ1

3
− ǫµ1µ3µ2α1

pα1

1
pµ4

3
− ǫµ3µ4µ2α1

pµ1

2
pα1

4

+ ǫµ1µ3µ2α1
pµ4

2
pα1

4
+ ǫµ3µ4µ2α1

pµ1

3
pα1

4
− ǫµ1µ3µ2α1

pµ4

3
pα1

4
+ ǫµ3µ4µ2α1

pα1

3
pµ1

4

+ ǫµ1µ3µ4α1
(pµ2

1
(pα1

2
+ pα1

3
) + pα1

1
pµ2

3
− pµ2

3
pα1

4
− pα1

2
pµ2

4
− pα1

3
pµ2

4
)

+ ǫµ1µ4µ2α1
(−pα1

1
pµ3

2
+ pα1

4
pµ3

2
− pµ3

1
(pα1

2
+ pα1

3
) + pα1

2
pµ3

4
+ pα1

3
pµ3

4
)

− ǫµ3µ4α1β1
pα1

1
pβ1

2
ηµ1µ2

− ǫµ3µ4α1β1
pα1

1
pβ1

3
ηµ1µ2

+ ǫµ4µ2α1β1
pα1

1
pβ1

2
ηµ1µ3

+ ǫµ4µ2α1β1
pα1

1
pβ1

3
ηµ1µ3

− ǫµ4µ2α1β1
pα1

3
pβ1

4
ηµ1µ3

− ǫµ3µ2α1β1
pα1

1
pβ1

2
ηµ1µ4

+ ǫµ3µ2α1β1
pα1

1
pβ1

3
ηµ1µ4

− ǫµ3µ2α1β1
pα1

3
pβ1

4
ηµ1µ4

− ǫµ1µ4α1β1
pα1

1
pβ1

2
ηµ2µ3

− ǫµ1µ4α1β1
pα1

1
pβ1

3
ηµ2µ3

− ǫµ1µ4α1β1
pα1

3
pβ1

4
ηµ2µ3

+ ǫµ1µ3α1β1
pα1

1
pβ1

2
ηµ2µ4

− ǫµ1µ3α1β1
pα1

3
pβ1

4
ηµ2µ4

+ ǫµ1µ2α1β1
pα1

1
pβ1

3
ηµ3µ4

− ǫµ1µ2α1β1
pα1

3
pβ1

4
ηµ3µ4

− ǫµ1µ3µ4µ2
p1 · p2 + ǫµ1µ3µ4µ2

p1 · p3 + ǫµ1µ3µ4µ2
p2 · p4 − ǫµ1µ3µ4µ2

p3 · p4
)
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W+
µ1

W+
µ2

W−

µ3

W−

µ4

−iḡ2 (ηµ1µ4
ηµ2µ3

+ ηµ1µ3
ηµ2µ4

− 2ηµ1µ2
ηµ3µ4

)

+6iḡCW (ηµ1µ2
pµ4

1
pµ3

4
+ηµ1µ2

pµ4

2
pµ3

4
+ηµ1µ3

pµ4

1
pµ2

3
−ηµ1µ3

pµ4

2
pµ2

3
−ηµ1µ3

pµ2

1
pµ4

3

− ηµ1µ3
pµ4

1
pµ2

4
− ηµ1µ4

pµ2

1
pµ3

4
− ηµ2µ3

pµ4

1
pµ1

3
+ ηµ2µ3

pµ4

2
pµ1

3
− ηµ2µ3

pµ1

2
pµ4

3

− ηµ2µ3
pµ4

2
pµ1

4
− ηµ2µ4

pµ1

2
pµ3

4
+ pµ3

1
(ηµ1µ2

pµ4

3
− ηµ1µ4

pµ2

3
+ ηµ1µ4

pµ2

4
− ηµ2µ4

pµ1

4
)

+ pµ3

2
(ηµ1µ2

pµ4

3
− ηµ1µ4

pµ2

4
+ ηµ2µ4

(pµ1

4
− pµ1

3
)) + ηµ3µ4

pµ2

1
pµ1

3

+ ηµ3µ4
pµ1

2
pµ2

3
+ ηµ3µ4

pµ2

1
pµ1

4
+ ηµ3µ4

pµ1

2
pµ2

4
− p1 · p3ηµ3µ4

ηµ1µ2

− p1 · p4ηµ3µ4
ηµ1µ2

− p2 · p3ηµ3µ4
ηµ1µ2

− p2 · p4ηµ3µ4
ηµ1µ2

+ p1 · p3ηµ1µ4
ηµ2µ3

+ p1 · p4ηµ1µ3
ηµ2µ4

+ p2 · p3ηµ1µ3
ηµ2µ4

+ p2 · p4ηµ1µ4
ηµ2µ3

)

+ 2iḡCW̃
(

−ǫµ1µ3µ2α1
pµ4

1
pα1

3
− ǫµ3µ2µ4α1

pµ1

2
pα1

3
+ ǫµ1µ3µ2α1

pµ4

2
pα1

3

− ǫµ3µ2µ4α1
pα1

1
pµ1

3
− ǫµ3µ2µ4α1

pα1

2
pµ1

3
− ǫµ1µ3µ2α1

pα1

1
pµ4

3
+ ǫµ1µ3µ2α1

pα1

2
pµ4

3

− ǫµ1µ3µ2α1
pµ4

1
pα1

4
+ ǫµ3µ2µ4α1

pµ1

2
pα1

4
+ ǫµ1µ3µ2α1

pµ4

2
pα1

4
+ ǫµ3µ2µ4α1

pα1

1
pµ1

4

+ ǫµ3µ2µ4α1
pα1

2
pµ1

4
+ ǫµ1µ3µ4α1

(pµ2

1
(pα1

3
− pα1

4
) + (pα1

1
+ pα1

2
) (pµ2

3
− pµ2

4
))

+ ǫµ1µ2µ4α1
(pµ3

1
(pα1

3
+ pα1

4
)− pµ3

2
(pα1

3
+ pα1

4
) + (pα1

1
− pα1

2
) pµ3

4
)

− ǫµ3µ4α1β1
pα1

1
pβ1

3
ηµ1µ2

− ǫµ3µ4α1β1
pα1

2
pβ1

3
ηµ1µ2

+ ǫµ3µ4α1β1
pα1

1
pβ1

4
ηµ1µ2

+ ǫµ3µ4α1β1
pα1

2
pβ1

4
ηµ1µ2

− ǫµ2µ4α1β1
pα1

1
pβ1

3
ηµ1µ3

− ǫµ2µ4α1β1
pα1

2
pβ1

3
ηµ1µ3

− ǫµ2µ4α1β1
pα1

1
pβ1

4
ηµ1µ3

+ ǫµ3µ2α1β1
pα1

1
pβ1

3
ηµ1µ4

+ ǫµ3µ2α1β1
pα1

1
pβ1

4
ηµ1µ4

+ ǫµ3µ2α1β1
pα1

2
pβ1

4
ηµ1µ4

− ǫµ1µ4α1β1
pα1

1
pβ1

3
ηµ2µ3

− ǫµ1µ4α1β1
pα1

2
pβ1

3
ηµ2µ3

− ǫµ1µ4α1β1
pα1

2
pβ1

4
ηµ2µ3

− ǫµ1µ3α1β1
pα1

2
pβ1

3
ηµ2µ4

− ǫµ1µ3α1β1
pα1

1
pβ1

4
ηµ2µ4

− ǫµ1µ3α1β1
pα1

2
pβ1

4
ηµ2µ4

+ ǫµ1µ2α1β1
pα1

1
pβ1

3
ηµ3µ4

− ǫµ1µ2α1β1
pα1

2
pβ1

3
ηµ3µ4

+ ǫµ1µ2α1β1
pα1

1
pβ1

4
ηµ3µ4

− ǫµ1µ2α1β1
pα1

2
pβ1

4
ηµ3µ4

− ǫµ1µ3µ2µ4
p1 · p3

+ ǫµ1µ3µ2µ4
p1 · p4 + ǫµ1µ3µ2µ4

p2 · p3 − ǫµ1µ3µ2µ4
p2 · p4

)
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W+
µ1

W−

µ2

Z0
µ3

Z0
µ4

+
iḡ4

ḡ2 + ḡ′2
(ηµ1µ4

ηµ2µ3
+ ηµ1µ3

ηµ2µ4
− 2ηµ1µ2

ηµ3µ4
)

+
2iḡ3ḡ′3v2
(

ḡ2 + ḡ′2
)2

(ηµ1µ4
ηµ2µ3

+ ηµ1µ3
ηµ2µ4

− 2ηµ1µ2
ηµ3µ4

)CϕWB

− 6iḡ3

ḡ2 + ḡ′2
CW (ηµ1µ2

pµ4

1
pµ3

4
+ ηµ1µ2

pµ4

2
pµ3

4
+ ηµ1µ3

pµ4

1
pµ2

3

− ηµ1µ3
pµ4

2
pµ2

3
− ηµ1µ3

pµ2

1
pµ4

3
− ηµ1µ3

pµ4

1
pµ2

4
− ηµ1µ4

pµ2

1
pµ3

4

− ηµ2µ3
pµ4

1
pµ1

3
+ ηµ2µ3

pµ4

2
pµ1

3
− ηµ2µ3

pµ1

2
pµ4

3
− ηµ2µ3

pµ4

2
pµ1

4

− ηµ2µ4
pµ1

2
pµ3

4
+ pµ3

1
(ηµ1µ2

pµ4

3
− ηµ1µ4

pµ2

3
+ ηµ1µ4

pµ2

4
− ηµ2µ4

pµ1

4
)

+ pµ3

2
(ηµ1µ2

pµ4

3
− ηµ1µ4

pµ2

4
+ ηµ2µ4

(pµ1

4
− pµ1

3
)) + ηµ3µ4

pµ2

1
pµ1

3

+ ηµ3µ4
pµ1

2
pµ2

3
+ ηµ3µ4

pµ2

1
pµ1

4
+ ηµ3µ4

pµ1

2
pµ2

4
− p1 · p3ηµ3µ4

ηµ1µ2

− p1 · p4ηµ3µ4
ηµ1µ2

− p2 · p3ηµ3µ4
ηµ1µ2

− p2 · p4ηµ3µ4
ηµ1µ2

+ p1 · p3ηµ1µ4
ηµ2µ3

+ p1 · p4ηµ1µ3
ηµ2µ4

+ p2 · p3ηµ1µ3
ηµ2µ4

+ p2 · p4ηµ1µ4
ηµ2µ3

)

+
2iḡ3

ḡ2 + ḡ′2
CW̃

(

−ǫµ2µ3µ1α1
pµ4

1
pα1

3
− ǫµ2µ3µ4α1

pµ1

2
pα1

3
+ ǫµ2µ3µ1α1

pµ4

2
pα1

3

− ǫµ2µ3µ4α1
pα1

1
pµ1

3
− ǫµ2µ3µ4α1

pα1

2
pµ1

3
− ǫµ2µ3µ1α1

pα1

1
pµ4

3
+ ǫµ2µ3µ1α1

pα1

2
pµ4

3

− ǫµ2µ3µ1α1
pµ4

1
pα1

4
+ ǫµ2µ3µ4α1

pµ1

2
pα1

4
+ ǫµ2µ3µ1α1

pµ4

2
pα1

4
+ ǫµ2µ3µ4α1

pα1

1
pµ1

4

+ ǫµ2µ3µ4α1
pα1

2
pµ1

4
+ ǫµ3µ1µ4α1

(pµ2

1
(pα1

3
− pα1

4
) + (pα1

1
+ pα1

2
) (pµ2

3
− pµ2

4
))

+ ǫµ2µ1µ4α1
(pµ3

1
(pα1

3
+ pα1

4
)− pµ3

2
(pα1

3
+ pα1

4
) + (pα1

1
− pα1

2
) pµ3

4
)

+ ǫµ3µ4α1β1
pα1

1
pβ1

3
ηµ1µ2

+ ǫµ3µ4α1β1
pα1

2
pβ1

3
ηµ1µ2

− ǫµ3µ4α1β1
pα1

1
pβ1

4
ηµ1µ2

− ǫµ3µ4α1β1
pα1

2
pβ1

4
ηµ1µ2

+ ǫµ2µ4α1β1
pα1

1
pβ1

3
ηµ1µ3

+ ǫµ2µ4α1β1
pα1

2
pβ1

3
ηµ1µ3

+ ǫµ2µ4α1β1
pα1

1
pβ1

4
ηµ1µ3

+ ǫµ2µ3α1β1
pα1

1
pβ1

3
ηµ1µ4

+ ǫµ2µ3α1β1
pα1

1
pβ1

4
ηµ1µ4

+ ǫµ2µ3α1β1
pα1

2
pβ1

4
ηµ1µ4

+ ǫµ1µ4α1β1
pα1

1
pβ1

3
ηµ2µ3

+ ǫµ1µ4α1β1
pα1

2
pβ1

3
ηµ2µ3

+ ǫµ1µ4α1β1
pα1

2
pβ1

4
ηµ2µ3

− ǫµ3µ1α1β1
pα1

2
pβ1

3
ηµ2µ4

− ǫµ3µ1α1β1
pα1

1
pβ1

4
ηµ2µ4

− ǫµ3µ1α1β1
pα1

2
pβ1

4
ηµ2µ4

+ ǫµ2µ1α1β1
pα1

1
pβ1

3
ηµ3µ4

− ǫµ2µ1α1β1
pα1

2
pβ1

3
ηµ3µ4

+ ǫµ2µ1α1β1
pα1

1
pβ1

4
ηµ3µ4

− ǫµ2µ1α1β1
pα1

2
pβ1

4
ηµ3µ4

− ǫµ2µ3µ1µ4
p1 · p3

+ ǫµ2µ3µ1µ4
p1 · p4 + ǫµ2µ3µ1µ4

p2 · p3 − ǫµ2µ3µ1µ4
p2 · p4

)

A0
µ1

A0
µ2

A0
µ3

W+
µ4

W−

µ5

+
6iḡ2ḡ′3

(

ḡ2 + ḡ′2
)3/2

CW (ηµ1µ4
ηµ2µ3

(−pµ5

3
)− 2ηµ1µ5

ηµ2µ3
pµ4

1
+ ηµ1µ5

ηµ2µ3
pµ4

2

+ ηµ1µ5
ηµ2µ3

pµ4

3
− ηµ1µ3

ηµ2µ4
pµ5

3
+ ηµ1µ5

ηµ2µ4
pµ3

1
− ηµ1µ5

ηµ2µ4
pµ3

2

+ ηµ1µ3
ηµ2µ5

pµ4

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
)

+
2iḡ2ḡ′3

(

ḡ2 + ḡ′2
)3/2

CW̃ (2ηµ1µ2
pα1

1
ǫµ3µ4µ5α1

+2ηµ1µ2
pα1

2
ǫµ3µ4µ5α1

+2ηµ1µ2
pα1

3
ǫµ3µ4µ5α1

+2ηµ
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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
)

+
2iḡ3ḡ′2

(

ḡ2 + ḡ′2
)3/2

CW̃ (2ηµ1µ2
pα1

1
ǫµ5µ3µ4α1

+2ηµ1µ2
pα1

2
ǫµ5µ3µ4α1

+2ηµ1µ2
pα1

5
ǫµ5µ3µ4α1

−ηµ1
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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
)

− 2iḡ2ḡ′
√

ḡ2 + ḡ′2
CW̃ (2ǫµ1µ2µ3µ5

(pµ4

2
− pµ4

3
)

+ 2ǫµ1µ4µ2µ3
(pµ5

2
− pµ5

3
)

+ 2ǫµ1µ4µ3µ5
pµ2

4
+ 2ǫµ1µ4µ2µ5

pµ3

4

− 2ǫµ1µ4µ3µ5
pµ2

5
− 2ǫµ1µ4µ2µ5

pµ3

5

− ǫµ4µ3µ5α1
pα1

4
ηµ1µ2

+ ǫµ4µ3µ5α1
pα1

5
ηµ1µ2

− ǫµ4µ2µ5α1
pα1

4
ηµ1µ3

+ ǫµ4µ2µ5α1
pα1

5
ηµ1µ3

− ǫµ2µ3µ5α1
pα1

2
ηµ1µ4

+ ǫµ2µ3µ5α1
pα1

3
ηµ1µ4

− ǫµ4µ2µ3α1
pα1

2
ηµ1µ5

+ ǫµ4µ2µ3α1
pα1

3
ηµ1µ5

− 2ǫµ1µ4µ5α1
pα1

4
ηµ2µ3

+ 2ǫµ1µ4µ5α1
pα1

5
ηµ2µ3

− 2ǫµ1µ3µ5α1
pα1

2
ηµ2µ4

− ǫµ1µ3µ5α1
pα1

3
ηµ2µ4

− 2ǫµ1µ3µ5α1
pα1

4
ηµ2µ4

− ǫµ1µ3µ5α1
pα1

5
ηµ2µ4

+ 2ǫµ1µ4µ3α1
pα1

2
ηµ2µ5

+ ǫµ1µ4µ3α1
pα1

3
ηµ2µ5

+ ǫµ1µ4µ3α1
pα1

4
ηµ2µ5

+ 2ǫµ1µ4µ3α1
pα1

5
ηµ2µ5

− ǫµ1µ2µ5α1
pα1

2
ηµ3µ4

− 2ǫµ1µ2µ5α1
pα1

3
ηµ3µ4

− 2ǫµ1µ2µ5α1
pα1

4
ηµ3µ4

− ǫµ1µ2µ5α1
pα1

5
ηµ3µ4

+ ǫµ1µ4µ2α1
pα1

2
ηµ3µ5

+ 2ǫµ1µ4µ2α1
pα1

3
ηµ3µ5

+ ǫµ1µ4µ2α1
pα1

4
ηµ3µ5

+ 2ǫµ1µ4µ2α1
pα1

5
ηµ3µ5

+ 2ǫµ1µ2µ3α1
pα1

2
ηµ4µ5

− 2ǫµ1µ2µ3α1
pα1

3
ηµ4µ5

)
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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
)

+
2iḡ4ḡ′

(

ḡ2 + ḡ′2
)3/2

CW̃ (ηµ1µ2
pα1

4
ǫµ4µ3µ5α1

−ηµ1µ2
pα1

5
ǫµ4µ3µ5α1

−ηµ1µ3
pα1

4
ǫµ4µ2µ5α1

+ηµ1µ3
p

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
)

+
2iḡ3

√

ḡ2 + ḡ′2
CW̃ (2ǫµ1µ2µ4µ5

(pµ3

1
−pµ3

2
)+2ǫµ3µ1µ2µ5

(pµ4

1
−pµ4

2
)+2ǫµ3µ2µ4µ5

pµ1

3

+ 2ǫµ3µ1µ4µ5
pµ2

3
− 2ǫµ3µ2µ4µ5

pµ1

4
− 2ǫµ3µ1µ4µ5

pµ2

4
+ 2ǫµ3µ4µ5α1

pα1

3
ηµ1µ2

− 2ǫµ3µ4µ5α1
pα1

4
ηµ1µ2

+ 2ǫµ2µ4µ5α1
pα1

1
ηµ1µ3

+ ǫµ2µ4µ5α1
pα1

2
ηµ1µ3

+ 2ǫµ2µ4µ5α1
pα1

3
ηµ1µ3

+ ǫµ2µ4µ5α1
pα1

4
ηµ1µ3

− 2ǫµ3µ2µ5α1
pα1

1
ηµ1µ4

− ǫµ3µ2µ5α1
pα1

2
ηµ1µ4

− ǫµ3µ2µ5α1
pα1

3
ηµ1µ4

− 2ǫµ3µ2µ5α1
pα1

4
ηµ1µ4

+ ǫµ3µ2µ4α1
pα1

3
ηµ1µ5

− ǫµ3µ2µ4α1
pα1

4
ηµ1µ5

+ ǫµ1µ4µ5α1
pα1

1
ηµ2µ3

+ 2ǫµ1µ4µ5α1
pα1

2
ηµ2µ3

+ 2ǫµ1µ4µ5α1
pα1

3
ηµ2µ3

+ ǫµ1µ4µ5α1
pα1

4
ηµ2µ3

− ǫµ3µ1µ5α1
pα1

1
ηµ2µ4

− 2ǫµ3µ1µ5α1
pα1

2
ηµ2µ4

− ǫµ3µ1µ5α1
pα1

3
ηµ2µ4

− 2ǫµ3µ1µ5α1
pα1

4
ηµ2µ4

+ ǫµ3µ1µ4α1
pα1

3
ηµ2µ5

− ǫµ3µ1µ4α1
pα1

4
ηµ2µ5

− 2ǫµ1µ2µ5α1
pα1

1
ηµ3µ4

+ 2ǫµ1µ2µ5α1
pα1

2
ηµ3µ4

+ ǫµ1µ2µ4α1
pα1

1
ηµ3µ5

− ǫµ1µ2µ4α1
pα1

2
ηµ3µ5

+ ǫµ3µ1µ2α1
pα1

1
ηµ4µ5

− ǫµ3µ1µ2α1
pα1

2
ηµ4µ5

)
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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
)

+
2iḡ5

(

ḡ2 + ḡ′2
)3/2

CW̃ (−ηµ1µ3
pα1

4
ǫµ2µ4µ5α1

+ηµ1µ3
pα1

5
ǫµ2µ4µ5α1

+ηµ1µ4
pα1

3
ǫµ3µ2µ5α1

−ηµ1µ4

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 + 3iv3Cϕ − ivCϕ�
(

p1 · p1 + 2p1 · p2 + p2 · p2 + p3 · p3 + λv2
)

+
iv

4
CϕD

(

3λv2 − 4p1 · p2
)

G+

G−

h

−iλv + 3iv3Cϕ − ivCϕ�
(

p1 · p1 + 2p1 · p2 + p2 · p2 + p3 · p3 + λv2
)

+
iv

4
CϕD

(

λv2 − 2(p1 · p3 + p2 · p3)
)

h

h

h

−3iλv + 15iv3Cϕ

− ivCϕ�
(

3p1 · p1+2p1 · p2+2p1 · p3+3p2 · p2+2p2 · p3+3p3 · p3+9λv2
)

+
iv

4
CϕD

(

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

A0
µ1

G+

G−

− iḡḡ′
√

ḡ2 + ḡ′2
(pµ1

2
− pµ1

3
) +

iḡ2ḡ′2v2

(

ḡ2 + ḡ′2
)3/2

CϕWB (pµ1

2
− pµ1

3
)

G0

G+

G−

−v

2
(p1 · p2 − p1 · p3)CϕD

A0
µ1

A0
µ2

h

+
4iḡ2v

ḡ2 + ḡ′2
CϕB (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

) +
4iḡ2v

ḡ2 + ḡ′2
CϕB̃pα1

1
pβ1

2
ǫµ1µ2α1β1

+
4iḡ′2v

ḡ2 + ḡ′2
CϕW (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

)

− 4iḡḡ′v

ḡ2 + ḡ′2
CϕWB (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

)

+
4iḡ′2v

ḡ2 + ḡ′2
CϕW̃pα1

1
pβ1

2
ǫµ1µ2α1β1

− 4iḡḡ′v

ḡ2 + ḡ′2
CϕW̃Bpα1

1
pβ1

2
ǫµ1µ2α1β1

45



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

)

+
2iḡv

√

ḡ2 + ḡ′2
CϕW̃Bpα1

1
pβ1

3
ǫµ1µ3α1β1

h

W+
µ2

W−

µ3

+
1

2
iḡ2vηµ2µ3

+
1

2
iḡ2v3ηµ2µ3

Cϕ� − 1

8
iḡ2v3ηµ2µ3

CϕD

+ 4ivCϕW (pµ3

2
pµ2

3
− p2 · p3ηµ2µ3

) + 4ivCϕW̃ pα1

2
pβ1

3
ǫµ2µ3α1β1

A0
µ1

h

Z0
µ3

− 4iḡḡ′v

ḡ2 + ḡ′2
CϕB (pµ3

1
pµ1

3
− p1 · p3ηµ1µ3

)− 4iḡḡ′v

ḡ2 + ḡ′2
CϕB̃pα1

1
pβ1

3
ǫµ1µ3α1β1

+
4iḡḡ′v

ḡ2 + ḡ′2
CϕW (pµ3

1
pµ1

3
− p1 · p3ηµ1µ3

)

+
2iv

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
CϕWB (pµ3

1
pµ1

3
− p1 · p3ηµ1µ3

)

+
4iḡḡ′v

ḡ2 + ḡ′2
CϕW̃pα1

1
pβ1

3
ǫµ1µ3α1β1

+
2iv

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
CϕW̃Bpα1

1
pβ1

3
ǫµ1µ3α1β1

h

Z0
µ2

Z0
µ3

+
iv

2

(

ḡ2 + ḡ′
2
)

ηµ2µ3
+

4iḡ′2v

ḡ2 + ḡ′2
CϕB (pµ3

2
pµ2

3
− p2 · p3ηµ2µ3

)

+
iv3

2

(

ḡ2 + ḡ′
2
)

ηµ2µ3
Cϕ� +

4iḡ′2v

ḡ2 + ḡ′2
CϕB̃pα1

2
pβ1

3
ǫµ2µ3α1β1

+
3iv3

8

(

ḡ2 + ḡ′
2
)

ηµ2µ3
CϕD +

4iḡ2v

ḡ2 + ḡ′2
CϕW (pµ3

2
pµ2

3
− p2 · p3ηµ2µ3

)

+
iḡḡ′v

ḡ2 + ḡ′2
CϕWB

(

ηµ2µ3

(

−4p2 · p3 + ḡ2v2 + ḡ′
2
v2
)

+ 4pµ3

2
pµ2

3

)

+
4iḡ2v

ḡ2 + ḡ′2
CϕW̃pα1

2
pβ1

3
ǫµ2µ3α1β1

+
4iḡḡ′v

ḡ2 + ḡ′2
CϕW̃Bpα1

2
pβ1

3
ǫµ2µ3α1β1

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

)

− 2iḡ′v
√

ḡ2 + ḡ′2
CϕW̃Bpα1

2
pβ1

3
ǫµ2µ3α1β1
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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

2
iḡv2Cϕ� (pµ3

1
− pµ3

2
)− 1

8
iḡv2CϕD (pµ3

1
− pµ3

2
)

G0

h

Z0
µ3

−1

2

√

ḡ2 + ḡ′2 (pµ3

1
− pµ3

2
)− 1

2
v2
√

ḡ2 + ḡ′2Cϕ� (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
)

G0

G0

G0

G0

−3iλ+ 9iv2Cϕ − i(3p1 · p1 + 2p1 · p2 + 2p1 · p3 + 2p1 · p4
+ 3p2 · p2 + 2p2 · p3 + 2p2 · p4 + 3p3 · p3 + 2p3 · p4 + 3p4 · p4)Cϕ�

+ iCϕD
(

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

G0

G0

G+

G−

−iλ+3iv2Cϕ− i(p1 ·p1+2p1 ·p2+p2 ·p2+p3 ·p3+2p3 ·p4+p4 ·p4)Cϕ�

+
i

2
CϕD

(

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

G+

G−

G−

−2iλ+ 6iv2Cϕ

−2i(p1 ·p1+p1 ·p3+p1 ·p4+p2 ·p2+p2 ·p3+p2 ·p4+p3 ·p3+p4 ·p4)Cϕ�

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

G0

G0

h

h

−iλ+ 9iv2Cϕ

− iCϕ�
(

p1 · p1 + 2p1 · p2 + p2 · p2 + p3 · p3 + 2p3 · p4 + p4 · p4 + 2λv2
)

+ iCϕD
(

−p1 · p2 − p3 · p4 + λv2
)

G+

G−

h

h

−iλ+ 9iv2Cϕ

− iCϕ�
(

p1 · p1 + 2p1 · p2 + p2 · p2 + p3 · p3 + 2p3 · p4 + p4 · p4 + 2λv2
)

+
i

2
CϕD

(

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

h

h

h

h

−3iλ+ 45iv2Cϕ − iCϕ�
(

3p1 · p1 + 2p1 · p2 + 2p1 · p3 + 2p1 · p4
+ 3p2 · p2 + 2p2 · p3 + 2p2 · p4 + 3p3 · p3 + 2p3 · p4 + 3p4 · p4 + 12λv2

)

+ iCϕD
(

−p1 · p2 − p1 · p3 − p1 · p4 − p2 · p3 − p2 · p4 − p3 · p4 + 3λv2
)
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A0
µ1

A0
µ2

G+

G−

+
2iḡ2ḡ′2

ḡ2 + ḡ′2
ηµ1µ2

+
4iḡ2

ḡ2 + ḡ′2
CϕB (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

)

+
4iḡ2

ḡ2 + ḡ′2
CϕB̃pα1

1
pβ1

2
ǫµ1µ2α1β1

+
4iḡ′2

ḡ2 + ḡ′2
CϕW (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

)

− 4iḡḡ′
(

ḡ2 + ḡ′2
)2

CϕWB
(

ηµ1µ2

(

ḡ′
2
(

p1 · p2 + ḡ2v2
)

+ ḡ2p1 · p2
)

−
(

ḡ2 + ḡ′
2
)

pµ2

1
pµ1

2

)

+
4iḡ′2

ḡ2 + ḡ′2
CϕW̃pα1

1
pβ1

2
ǫµ1µ2α1β1

+
4iḡḡ′

ḡ2 + ḡ′2
CϕW̃Bpα1

1
pβ1

2
ǫµ1µ2α1β1

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

+
4iḡ2

ḡ2 + ḡ′2
CϕB (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

) +
4iḡ2

ḡ2 + ḡ′2
CϕB̃pα1

1
pβ1

2
ǫµ1µ2α1β1

+
4iḡ′2

ḡ2 + ḡ′2
CϕW (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

)

− 4iḡḡ′

ḡ2 + ḡ′2
CϕWB (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

)

+
4iḡ′2

ḡ2 + ḡ′2
CϕW̃pα1

1
pβ1

2
ǫµ1µ2α1β1

− 4iḡḡ′

ḡ2 + ḡ′2
CϕW̃Bpα1

1
pβ1

2
ǫµ1µ2α1β1
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A0
µ1

A0
µ2

h

h

+
4iḡ2

ḡ2 + ḡ′2
CϕB (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

) +
4iḡ2

ḡ2 + ḡ′2
CϕB̃pα1

1
pβ1

2
ǫµ1µ2α1β1

+
4iḡ′2

ḡ2 + ḡ′2
CϕW (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

)

− 4iḡḡ′

ḡ2 + ḡ′2
CϕWB (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

)

+
4iḡ′2

ḡ2 + ḡ′2
CϕW̃pα1

1
pβ1

2
ǫµ1µ2α1β1

− 4iḡḡ′

ḡ2 + ḡ′2
CϕW̃Bpα1

1
pβ1

2
ǫµ1µ2α1β1

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
))

− 2ḡ
√

ḡ2 + ḡ′2
CϕW̃Bpα1

1
pβ1

4
ǫµ1µ4α1β1

A0
µ1

G−

h

W+
µ4

+
iḡ2ḡ′

2
√

ḡ2 + ḡ′2
ηµ1µ4

+
iḡ2ḡ′v2

2
√

ḡ2 + ḡ′2
ηµ1µ4

Cϕ� − 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
))

+
2iḡ

√

ḡ2 + ḡ′2
CϕW̃Bpα1

1
pβ1

4
ǫµ1µ4α1β1

G0

G0

W+
µ3

W−

µ4

+
iḡ2

2
ηµ3µ4

− 1

4
iḡ2v2ηµ3µ4

CϕD

+ 4iCϕW (pµ4

3
pµ3

4
− p3 · p4ηµ3µ4

) + 4iCϕW̃ pα1

3
pβ1

4
ǫµ3µ4α1β1
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G+

G−

W+
µ3

W−

µ4

+
iḡ2

2
ηµ3µ4

+
1

2
iḡ2v2ηµ3µ4

CϕD

+ 4iCϕW (pµ4

3
pµ3

4
− p3 · p4ηµ3µ4

) + 4iCϕW̃ pα1

3
pβ1

4
ǫµ3µ4α1β1

h

h

W+
µ3

W−

µ4

+
iḡ2

2
ηµ3µ4

+ iḡ2v2ηµ3µ4
Cϕ� − 1

4
iḡ2v2ηµ3µ4

CϕD

+ 4iCϕW (pµ4

3
pµ3

4
− p3 · p4ηµ3µ4

) + 4iCϕW̃ pα1

3
pβ1

4
ǫµ3µ4α1β1

A0
µ1

G0

G0

Z0
µ4

− 4iḡḡ′

ḡ2 + ḡ′2
CϕB (pµ4

1
pµ1

4
− p1 · p4ηµ1µ4

)− 4iḡḡ′

ḡ2 + ḡ′2
CϕB̃pα1

1
pβ1

4
ǫµ1µ4α1β1

+
4iḡḡ′

ḡ2 + ḡ′2
CϕW (pµ4

1
pµ1

4
− p1 · p4ηµ1µ4

)

+
2i

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
CϕWB (pµ4

1
pµ1

4
− p1 · p4ηµ1µ4

)

+
4iḡḡ′

ḡ2 + ḡ′2
CϕW̃pα1

1
pβ1

4
ǫµ1µ4α1β1

+
2i

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
CϕW̃Bpα1

1
pβ1

4
ǫµ1µ4α1β1

A0
µ1

G+

G−

Z0
µ4

−
iḡḡ′

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
ηµ1µ4

− 4iḡḡ′

ḡ2 + ḡ′2
CϕB (pµ4

1
pµ1

4
− p1 · p4ηµ1µ4

)

− 4iḡḡ′

ḡ2 + ḡ′2
CϕB̃pα1

1
pβ1

4
ǫµ1µ4α1β1

− 1

2
iḡḡ′v2ηµ1µ4

CϕD

+
4iḡḡ′

ḡ2 + ḡ′2
CϕW (pµ4

1
pµ1

4
− p1 · p4ηµ1µ4

)

+
2i

(

ḡ′2 − ḡ2
)

(

ḡ2 + ḡ′2
)2

CϕWB
(

ηµ1µ4

(

ḡ′
2
(

p1 · p4 + ḡ2v2
)

+ ḡ2p1 · p4
)

−
(

ḡ2 + ḡ′
2
)

pµ4

1
pµ1

4

)

+
4iḡḡ′

ḡ2 + ḡ′2
CϕW̃pα1

1
pβ1

4
ǫµ1µ4α1β1

−
2i

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
CϕW̃Bpα1

1
pβ1

4
ǫµ1µ4α1β1
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A0
µ1

h

h

Z0
µ4

− 4iḡḡ′

ḡ2 + ḡ′2
CϕB (pµ4

1
pµ1

4
− p1 · p4ηµ1µ4

)− 4iḡḡ′

ḡ2 + ḡ′2
CϕB̃pα1

1
pβ1

4
ǫµ1µ4α1β1

+
4iḡḡ′

ḡ2 + ḡ′2
CϕW (pµ4

1
pµ1

4
− p1 · p4ηµ1µ4

)

+
2i

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
CϕWB (pµ4

1
pµ1

4
− p1 · p4ηµ1µ4

)

+
4iḡḡ′

ḡ2 + ḡ′2
CϕW̃pα1

1
pβ1

4
ǫµ1µ4α1β1

+
2i

(

ḡ′2 − ḡ2
)

ḡ2 + ḡ′2
CϕW̃Bpα1

1
pβ1

4
ǫµ1µ4α1β1

G0

G0

Z0
µ3

Z0
µ4

+
i

2

(

ḡ2 + ḡ′
2
)

ηµ3µ4
+

4iḡ′2

ḡ2 + ḡ′2
CϕB (pµ4

3
pµ3

4
− p3 · p4ηµ3µ4

)

+
4iḡ′2

ḡ2 + ḡ′2
CϕB̃pα1

3
pβ1

4
ǫµ3µ4α1β1

+
iv2

4

(

ḡ2 + ḡ′
2
)

ηµ3µ4
CϕD

+
4iḡ2

ḡ2 + ḡ′2
CϕW (pµ4

3
pµ3

4
− p3 · p4ηµ3µ4

)

+
iḡḡ′

ḡ2 + ḡ′2
CϕWB

(

ηµ3µ4

(

−4p3 · p4 + ḡ2v2 + ḡ′
2
v2
)

+ 4pµ4

3
pµ3

4

)

+
4iḡ2

ḡ2 + ḡ′2
CϕW̃pα1

3
pβ1

4
ǫµ3µ4α1β1

+
4iḡḡ′

ḡ2 + ḡ′2
CϕW̃Bpα1

3
pβ1

4
ǫµ3µ4α1β1

G+

G−

Z0
µ3

Z0
µ4

+
i
(

ḡ′2 − ḡ2
)2

2
(

ḡ2 + ḡ′2
) ηµ3µ4

+
4iḡ′2

ḡ2 + ḡ′2
CϕB (pµ4

3
pµ3

4
− p3 · p4ηµ3µ4

)

+
4iḡ′2

ḡ2 + ḡ′2
CϕB̃pα1

3
pβ1

4
ǫµ3µ4α1β1

+
1

2
iv2

(

ḡ′
2 − ḡ2

)

ηµ3µ4
CϕD

+
4iḡ2

ḡ2 + ḡ′2
CϕW (pµ4

3
pµ3

4
− p3 · p4ηµ3µ4

)

− 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

)

+
4iḡ2

ḡ2 + ḡ′2
CϕW̃pα1

3
pβ1

4
ǫµ3µ4α1β1

− 4iḡḡ′

ḡ2 + ḡ′2
CϕW̃Bpα1

3
pβ1

4
ǫµ3µ4α1β1

52



h

h

Z0
µ3

Z0
µ4

+
i

2

(

ḡ2 + ḡ′
2
)

ηµ3µ4
+

4iḡ′2

ḡ2 + ḡ′2
CϕB (pµ4

3
pµ3

4
− p3 · p4ηµ3µ4

)

+ iv2
(

ḡ2 + ḡ′
2
)

ηµ3µ4
Cϕ� +

4iḡ′2

ḡ2 + ḡ′2
CϕB̃pα1

3
pβ1

4
ǫµ3µ4α1β1

+
5iv2

4

(

ḡ2 + ḡ′
2
)

ηµ3µ4
CϕD +

4iḡ2

ḡ2 + ḡ′2
CϕW (pµ4

3
pµ3

4
− p3 · p4ηµ3µ4

)

+
iḡḡ′

ḡ2 + ḡ′2
CϕWB

(

ηµ3µ4

(

−4p3 · p4 + ḡ2v2 + ḡ′
2
v2
)

+ 4pµ4

3
pµ3

4

)

+
4iḡ2

ḡ2 + ḡ′2
CϕW̃pα1

3
pβ1

4
ǫµ3µ4α1β1

+
4iḡḡ′

ḡ2 + ḡ′2
CϕW̃Bpα1

3
pβ1

4
ǫµ3µ4α1β1

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

)

+
2ḡ′

√

ḡ2 + ḡ′2
CϕW̃Bpα1

3
pβ1

4
ǫµ3µ4α1β1

G−

h

W+
µ3

Z0
µ4

− iḡḡ′2

2
√

ḡ2 + ḡ′2
ηµ3µ4

− iḡḡ′2v2

2
√

ḡ2 + ḡ′2
ηµ3µ4

Cϕ�

− 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

)

− 2iḡ′
√

ḡ2 + ḡ′2
CϕW̃Bpα1

3
pβ1

4
ǫµ3µ4α1β1

A0
µ1

h

W+
µ3

W−

µ4

− 4iḡḡ′v
√

ḡ2 + ḡ′2
CϕW (ηµ1µ3

pµ4

1
− ηµ1µ3

pµ4

3
− ηµ1µ4

pµ3

1
+ ηµ1µ4

pµ3

4

+ ηµ3µ4
pµ1

3
− ηµ3µ4

pµ1

4
) +

2iḡ2v
√

ḡ2 + ḡ′2
CϕWB (ηµ1µ3

pµ4

1
− ηµ1µ4

pµ3

1
)

+
4iḡḡ′v

√

ḡ2 + ḡ′2
CϕW̃ (pα1

1
+ pα1

3
+ pα1

4
) ǫµ1µ4µ3α1

− 2iḡ2v
√

ḡ2 + ḡ′2
CϕW̃Bpα1

1
ǫµ1µ4µ3α1
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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
)

− 2iḡ2ḡ′v

ḡ2 + ḡ′2
CϕW̃B (pα1

1
− pα1

2
) ǫµ1µ2µ4α1

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
)
)

− 2iḡv

ḡ2 + ḡ′2
CϕW̃Bǫµ1µ4µ3α1

(

ḡ2pα1

1
+ ḡ′

2
pα1

4

)

G0
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ḡ2 + ḡ′2
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ḡ2 + ḡ′2CϕD (3pµ4

1
− pµ4

2
− pµ4

3
)

55



G+

G−

h

Z0
µ4

+
1

2
iv

√

ḡ2 + ḡ′2CϕD (pµ4

1
− pµ4

2
)

G0

G0 G0

G0

h

+18ivCϕ

G0

G0 G+

G−

h

+6ivCϕ

G+

G+ G−

G−

h

+12ivCϕ

G0

G0 h

h

h

+18ivCϕ

56



G+

G− h

h

h

+18ivCϕ

h

h h

h

h

+90ivCϕ

A0
µ1

G0 G+

G−

h

+
ḡḡ′
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√
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4iḡḡ′

√
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2iḡ2

√
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ḡ2 + ḡ′2
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√
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CϕW̃ (pα1

3
+ pα1

4
+ pα1

5
) ǫµ5µ3µ4α1

− 2iḡḡ′
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iḡv

(
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iḡv

√
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2
)

ηµ4µ5
CϕD

64



G+

G− h

Z0
µ4

Z0
µ5

+iv
(

ḡ′
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ηµ1µ6

CϕD

67



G0

G0 G−

G−

W+
µ5

W+
µ6
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+2iḡ2ηµ5µ6
CϕD

A0
µ1

A0
µ2 G0

G0

W+
µ5

W−

µ6

− 4iḡ2ḡ′2
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ḡ2 + ḡ′2
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)

ḡ2 + ḡ′2
ηµ1µ6

CϕD

A0
µ1

G+ G−

h

h Z0
µ6
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A.8 Gluon self interaction vertices
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pµ3

2
− ηµ1µ3
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(
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3
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)
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)
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)

+ pµ2
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)
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ga4µ4
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+LongExpressionNotDisplayed
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A.9 Higgs–gluon vertices

ga1µ1

ga2µ2

h
+4ivδa1a2C

ϕG (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

) + 4ivδa1a2C
ϕG̃pα1

1
pβ1

2
ǫµ1µ2α1β1

ga1µ1

ga2µ2

G0

G0

+4iδa1a2C
ϕG (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

) + 4iδa1a2C
ϕG̃pα1

1
pβ1

2
ǫµ1µ2α1β1

ga1µ1

ga2µ2

G+

G−

+4iδa1a2C
ϕG (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

) + 4iδa1a2C
ϕG̃pα1

1
pβ1

2
ǫµ1µ2α1β1

76



ga1µ1

ga2µ2

h

h

+4iδa1a2C
ϕG (pµ2

1
pµ1

2
− p1 · p2ηµ1µ2

) + 4iδa1a2C
ϕG̃pα1

1
pβ1

2
ǫµ1µ2α1β1

ga1µ1

ga2µ2

ga3µ3

h
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−4ivḡ2sC
ϕG ((ηµ1µ4

ηµ2µ3
− ηµ1µ3

ηµ2µ4
) fa1a2b1fa3a4b1

+ (ηµ1µ4
ηµ2µ3

− ηµ1µ2
ηµ3µ4

) fa1a3b1fa2a4b1
+ (ηµ1µ3

ηµ2µ4
− ηµ1µ2

ηµ3µ4
) fa1a4b1fa2a3b1)
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A.10 Four lepton vertices
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(

Ug4f4U
∗

g1f1(γ
µPL)s1s4

− Ug4f1U
∗

g1f4(γ
µPR)s1s4

) (

Ug2f2U
∗

g3f3(γ
µPL)s3s2

− Ug2f3U
∗

g3f2(γ
µPR)s3s2

)

− C ll
g1g2g3g4

(

Ug2f2U
∗

g1f1(γ
µPL)s1s2

− Ug2f1U
∗

g1f2(γ
µPR)s1s2

) (

Ug4f4U
∗

g3f3(γ
µPL)s3s4

− Ug4f3U
∗

g3f4(γ
µPR)s3s4

)

)
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A.11 Two quark–two lepton vertices

ef1s1

ef2s2

uf3m3s3

uf4m4s4

+iCeu
f1f2f3f4(γ

µPR)s1s2(γµPR)s3s4

− i
(

(PL)s1s2(PL)s3s4K
∗

f4g1C
lequ1∗
f2f1g1f3

+ (PR)s1s2(PR)s3s4Kf3g1C
lequ1
f1f2g1f4

)

− i
(

K∗

f4g1(σ
µνPL)s1s2(σµνPL)s3s4C

lequ3∗
f2f1g1f3

+Kf3g1C
lequ3
f1f2g1f4

(σµνPR)s1s2(σµνPR)s3s4

)

+ iKf3g1K
∗

f4g2(γ
µPL)s1s2(γµPL)s3s4C

lq1
f1f2g1g2

− iKf3g1K
∗

f4g2(γ
µPL)s1s2(γµPL)s3s4C

lq3
f1f2g1g2

+ iC lu
f1f2f3f4(γ

µPL)s1s2(γµPR)s3s4
+ iKf3g2K

∗

f4g1(γ
µPL)s3s4(γµPR)s1s2C

qe
g2g1f1f2

df1m1s1

df2m2s2

ef3s3

ef4s4

+iCed
f3f4f1f2(γ

µPR)s1s2(γµPR)s3s4 + iC ld
f3f4f1f2(γ

µPL)s3s4(γµPR)s1s2

+ i
(

(PL)s3s4(PR)s1s2C
ledq∗
f4f3f2f1

+ (PL)s1s2(PR)s3s4C
ledq
f3f4f1f2

)

+ iC lq1
f3f4f1f2

(γµPL)s1s2(γµPL)s3s4 + iC lq3
f3f4f1f2

(γµPL)s1s2(γµPL)s3s4

+ iCqe
f1f2f3f4

(γµPL)s1s2(γµPR)s3s4

df1m1s1

uf2m2s2

νf3s3

ef4s4

+i(PL)s1s2(PR)s3s4U
∗

g1f3K
∗

f2g2C
ledq
g1f4f1g2

+ i(PR)s1s2(PR)s3s4U
∗

g1f3C
lequ1
g1f4f1f2

+ iU∗

g1f3C
lequ3
g1f4f1f2

(σµνPR)s1s2(σµνPR)s3s4

+ 2iU∗

g1f3K
∗

f2g2(γ
µPL)s1s2(γµPL)s3s4C

lq3
g1f4f1g2

df1m1s1

df2m2s2

νf3s3

νf4s4

+i(γµPR)s1s2C
ld
g1g2f1f2

(

Ug2f4U
∗

g1f3(γ
µPL)s3s4 − Ug2f3U

∗

g1f4(γ
µPR)s3s4

)

+ i(γµPL)s1s2C
lq1
g1g2f1f2

(

Ug2f4U
∗

g1f3(γ
µPL)s3s4 − Ug2f3U

∗

g1f4(γ
µPR)s3s4

)

− i(γµPL)s1s2C
lq3
g1g2f1f2

(

Ug2f4U
∗

g1f3(γ
µPL)s3s4 − Ug2f3U

∗

g1f4(γ
µPR)s3s4

)
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uf1m1s1

uf2m2s2

νf3s3

νf4s4

+iKf1g3K
∗

f2g4(γ
µPL)s1s2C

lq1
g1g2g3g4

(

Ug2f4U
∗

g1f3(γ
µPL)s3s4

− Ug2f3U
∗

g1f4(γ
µPR)s3s4

)

+ iKf1g3K
∗

f2g4(γ
µPL)s1s2C

lq3
g1g2g3g4

(

Ug2f4U
∗

g1f3(γ
µPL)s3s4

− Ug2f3U
∗

g1f4(γ
µPR)s3s4

)

+ i(γµPR)s1s2C
lu
g1g2f1f2

(

Ug2f4U
∗

g1f3(γ
µPL)s3s4

− Ug2f3U
∗

g1f4(γ
µPR)s3s4

)

A.12 Four quark vertices

df1m1s1

df2m2s2

uf3m3s3

uf4m4s4

+iδm1m2
δm3m4

Kf3g2K
∗

f4g1(γ
µPL)s3s4(γµPR)s1s2C

qd1
g2g1f1f2

+
i

6
(3δm1m4

δm2m3
− δm1m2

δm3m4
)Kf3g2K

∗

f4g1(γ
µPL)s3s4(γµPR)s1s2C

qd8
g2g1f1f2

+ 2iδm1m2
δm3m4

Kf3g2K
∗

f4g1(γ
µPL)s1s2(γµPL)s3s4C

qq1
f1f2g2g1

− 2iKf3g2K
∗

f4g1

(

2δm1m4
δm2m3

(γµPL)s1s4(γµPL)s3s2C
qq3
f1g1g2f2

+ δm1m2
δm3m4

(γµPL)s1s2(γµPL)s3s4C
qq3
f1f2g2g1

)

+ iδm1m2
δm3m4

Cqu1
f1f2f3f4

(γµPL)s1s2(γµPR)s3s4

+
i

6
(3δm1m4

δm2m3
− δm1m2

δm3m4
)Cqu8

f1f2f3f4
(γµPL)s1s2(γµPR)s3s4

+ i
(

δm1m4
δm2m3

(PL)s1s4(PL)s3s2K
∗

f4g1C
quqd1∗
f2f3g1f1

+ δm1m2
δm3m4

(PL)s1s2(PL)s3s4K
∗

f4g1C
quqd1∗
g1f3f2f1

+Kf3g1

(

δm1m4
δm2m3

(PR)s1s4(PR)s3s2C
quqd1
f1f4g1f2

+ δm1m2
δm3m4

(PR)s1s2(PR)s3s4C
quqd1
g1f4f1f2

))

− i

6

(

(δm1m4
δm2m3

− 3δm1m2
δm3m4

) (PL)s1s4(PL)s3s2K
∗

f4g1C
quqd8∗
f2f3g1f1

+ (δm1m2
δm3m4

− 3δm1m4
δm2m3

) (PL)s1s2(PL)s3s4K
∗

f4g1C
quqd8∗
g1f3f2f1

+Kf3g1

(

(δm1m4
δm2m3

− 3δm1m2
δm3m4

) (PR)s1s4(PR)s3s2C
quqd8
f1f4g1f2

+ (δm1m2
δm3m4

− 3δm1m4
δm2m3

) (PR)s1s2(PR)s3s4C
quqd8
g1f4f1f2

))

+ iδm1m2
δm3m4

Cud1
f3f4f1f2(γ

µPR)s1s2(γµPR)s3s4

+
i

6
(3δm1m4

δm2m3
− δm1m2

δm3m4
)Cud8

f3f4f1f2(γ
µPR)s1s2(γµPR)s3s4
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df1m1s1

df2m2s2

df3m3s3

df4m4s4

−2i
(

δm1m4
δm2m3

Cdd
f1f4f3f2(γ

µPR)s1s4(γµPR)s3s2

− δm1m2
δm3m4

Cdd
f1f2f3f4(γ

µPR)s1s2(γµPR)s3s4

)

+ i
(

δm1m2
δm3m4

Cqd1
f3f4f1f2

(γµPL)s3s4(γµPR)s1s2

− δm1m4
δm2m3

Cqd1
f3f2f1f4

(γµPL)s3s2(γµPR)s1s4

− δm1m4
δm2m3

Cqd1
f1f4f3f2

(γµPL)s1s4(γµPR)s3s2

+ δm1m2
δm3m4

Cqd1
f1f2f3f4

(γµPL)s1s2(γµPR)s3s4

)

+
i

6

(

(3δm1m4
δm2m3

− δm1m2
δm3m4

)Cqd8
f3f4f1f2

(γµPL)s3s4(γµPR)s1s2
+ (δm1m4

δm2m3

− 3δm1m2
δm3m4

)Cqd8
f3f2f1f4

(γµPL)s3s2(γµPR)s1s4

+ δm1m4
δm2m3

Cqd8
f1f4f3f2

(γµPL)s1s4(γµPR)s3s2

− 3δm1m2
δm3m4

Cqd8
f1f4f3f2

(γµPL)s1s4(γµPR)s3s2

+ 3δm1m4
δm2m3

Cqd8
f1f2f3f4

(γµPL)s1s2(γµPR)s3s4

− δm1m2
δm3m4

Cqd8
f1f2f3f4

(γµPL)s1s2(γµPR)s3s4

)

− 2i
(

δm1m4
δm2m3

Cqq1
f1f4f3f2

(γµPL)s1s4(γµPL)s3s2

− δm1m2
δm3m4

Cqq1
f1f2f3f4

(γµPL)s1s2(γµPL)s3s4

)

− 2i
(

δm1m4
δm2m3

Cqq3
f1f4f3f2

(γµPL)s1s4(γµPL)s3s2

− δm1m2
δm3m4

Cqq3
f1f2f3f4

(γµPL)s1s2(γµPL)s3s4

)
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uf1m1s1

uf2m2s2

uf3m3s3

uf4m4s4

−iK∗

f2g1K
∗

f4g2

(

Cqq1
g4g1g3g2 (δm1m4

δm2m3
Kf1g3Kf3g4(γ

µPL)s1s4(γµPL)s3s2
− δm1m2

δm3m4
Kf3g3Kf1g4(γ

µPL)s1s2(γµPL)s3s4)

+ Cqq1
g3g1g4g2 (δm1m4

δm2m3
Kf3g3Kf1g4(γ

µPL)s1s4(γµPL)s3s2

− δm1m2
δm3m4

Kf1g3Kf3g4(γ
µPL)s1s2(γµPL)s3s4)

)

− iK∗

f2g1K
∗

f4g2

(

Cqq3
g4g1g3g2 (δm1m4

δm2m3
Kf1g3Kf3g4(γ

µPL)s1s4(γµPL)s3s2
− δm1m2

δm3m4
Kf3g3Kf1g4(γ

µPL)s1s2(γµPL)s3s4)

+ Cqq3
g3g1g4g2 (δm1m4

δm2m3
Kf3g3Kf1g4(γ

µPL)s1s4(γµPL)s3s2

− δm1m2
δm3m4

Kf1g3Kf3g4(γ
µPL)s1s2(γµPL)s3s4)

)

+ i
(

K∗

f4g1

(

δm1m2
δm3m4

Kf3g2(γ
µPL)s3s4(γµPR)s1s2C

qu1
g2g1f1f2

− δm1m4
δm2m3

Kf1g2(γ
µPL)s1s4(γµPR)s3s2C

qu1
g2g1f3f2

)

+K∗

f2g1

(

δm1m2
δm3m4

Kf1g2(γ
µPL)s1s2(γµPR)s3s4C

qu1
g2g1f3f4

− δm1m4
δm2m3

Kf3g2(γ
µPL)s3s2(γµPR)s1s4C

qu1
g2g1f1f4

))

+
i

6

(

K∗

f4g1

(

(3δm1m4
δm2m3

−δm1m2
δm3m4

)Kf3g2(γ
µPL)s3s4(γµPR)s1s2C

qu8
g2g1f1f2

+ (δm1m4
δm2m3

− 3δm1m2
δm3m4

)Kf1g2(γ
µPL)s1s4(γµPR)s3s2C

qu8
g2g1f3f2

)

+K∗

f2g1

(

(δm1m4
δm2m3

− 3δm1m2
δm3m4

)Kf3g2(γ
µPL)s3s2(γµPR)s1s4C

qu8
g2g1f1f4

+ (3δm1m4
δm2m3

− δm1m2
δm3m4

)Kf1g2(γ
µPL)s1s2(γµPR)s3s4C

qu8
g2g1f3f4

))

− 2i
(

δm1m4
δm2m3

Cuu
f1f4f3f2(γ

µPR)s1s4(γµPR)s3s2

− δm1m2
δm3m4

Cuu
f1f2f3f4(γ

µPR)s1s2(γµPR)s3s4
)

A.13 Baryon and lepton number violating four fermion vertices

(dc)f1m1s1

uf2m2s2

(dc)f3m3s3

νf4s4

−iǫm1m2m3
Ug4f4

(

(PL)s3s4(PR)s1s2C
duq
f1f2f3g4

+ (PL)s1s4(PR)s3s2C
duq
f3f2f1g4

)

− iǫm1m2m3
Ug4f4K

∗

f2g2

(

(PL)s1s4(PL)s3s2C
qqq
f3g2f1g4

+ (PL)s1s2(PL)s3s4C
qqq
f1g2f3g4

)
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(dc)f1m1s1

df2m2s2

(uc)f3m3s3

νf4s4

+iǫm1m2m3
(PL)s1s2(PL)s3s4Ug4f4K

∗

f3g3

(

Cqqq
f1f2g3g4

− Cqqq
f2f1g3g4

)

(uc)f1m1s1

df2m2s2

(uc)f3m3s3

ef4s4

−iǫm1m2m3

(

(PL)s1s4(PR)s3s2K
∗

f1g1C
duq
f2f3g1f4

+ (PL)s3s4(PR)s1s2K
∗

f3g3C
duq
f2f1g3f4

)

− iǫm1m2m3

(

(PR)s1s4(PR)s3s2C
duu
f2f3f1f4

+ (PR)s1s2(PR)s3s4C
duu
f2f1f3f4

)

− iǫm1m2m3
K∗

f1g1K
∗

f3g3

(

(PL)s1s4(PL)s3s2C
qqq
g3f2g1f4

+ (PL)s1s2(PL)s3s4C
qqq
g1f2g3f4

)

+ 2iǫm1m2m3

(

(PL)s1s2(PR)s3s4K
∗

f1g1C
qqu
g1f2f3f4

+ (PL)s3s2(PR)s1s4K
∗

f3g3C
qqu
g3f2f1f4

)

(uc)f1m1s1

uf2m2s2

(dc)f3m3s3

ef4s4

+iǫm1m2m3
(PL)s1s2(PL)s3s4K

∗

f1g1K
∗

f2g2

(

Cqqq
g1g2f3f4

− Cqqq
g2g1f3f4

)

A.14 Ghost vertices

η̄−

η−

G0

+
1

4
ḡ2vξW +

1

16
ḡ2v3ξWCϕD

η̄+

η+

G0

−1

4
ḡ2vξW − 1

16
ḡ2v3ξWCϕD
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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

4
iḡ2v3ξWCϕ� +

1

16
iḡ2v3ξWCϕD

η̄+

η+

h
+
1

4
iḡ2vξW − 1

4
iḡ2v3ξWCϕ� +

1

16
iḡ2v3ξWCϕD

η̄Z

η−

G+

−1

4
iḡv

√

ḡ2 + ḡ′2ξZ +
1

8
iḡv3

√

ḡ2 + ḡ′2ξZC
ϕD − iḡ2ḡ′v3ξZ

4
√

ḡ2 + ḡ′2
CϕWB

η̄Z

η+

G−

−1

4
iḡv

√

ḡ2 + ḡ′2ξZ +
1

8
iḡv3

√

ḡ2 + ḡ′2ξZC
ϕD − iḡ2ḡ′v3ξZ

4
√

ḡ2 + ḡ′2
CϕWB
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η̄Z

ηZ

h

+
1

4
ivξZ

(

ḡ2 + ḡ′
2
)

− 1

4
iv3ξZ

(

ḡ2 + ḡ′
2
)

Cϕ�

− 1

16
iv3ξZ

(

ḡ2 + ḡ′
2
)

CϕD +
1

2
iḡḡ′v3ξZC

ϕWB

η̄−

η−

A0
µ3

+
iḡḡ′

√

ḡ2 + ḡ′2
pµ3

1
− iḡ2ḡ′2v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1

η̄+

η+

A0
µ3

− iḡḡ′
√

ḡ2 + ḡ′2
pµ3

1
+

iḡ2ḡ′2v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1

η̄a1G

ηa2G

ga3µ3

−ḡsfa3a1a2p
µ3

1

η̄A

η−

W+
µ3

− iḡḡ′
√

ḡ2 + ḡ′2
pµ3

1
− iḡ4v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1

η̄+

ηA

W+
µ3

+
iḡḡ′

√

ḡ2 + ḡ′2
pµ3

1
− iḡ2ḡ′2v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1

η̄+

ηZ

W+
µ3

+
iḡ2

√

ḡ2 + ḡ′2
pµ3

1
+

iḡḡ′3v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1

η̄Z

η−

W+
µ3

− iḡ2
√

ḡ2 + ḡ′2
pµ3

1
+

iḡ3ḡ′v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1
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η̄A

η+

W−

µ3

+
iḡḡ′

√

ḡ2 + ḡ′2
pµ3

1
+

iḡ4v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1

η̄−

ηA

W−

µ3

− iḡḡ′
√

ḡ2 + ḡ′2
pµ3

1
+

iḡ2ḡ′2v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1

η̄−

ηZ

W−

µ3

− iḡ2
√

ḡ2 + ḡ′2
pµ3

1
− iḡḡ′3v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1

η̄Z

η+

W−

µ3

+
iḡ2

√

ḡ2 + ḡ′2
pµ3

1
− iḡ3ḡ′v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1

η̄−

η−

Z0
µ3

+
iḡ2

√

ḡ2 + ḡ′2
pµ3

1
+

iḡḡ′3v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1

η̄+

η+

Z0
µ3

− iḡ2
√

ḡ2 + ḡ′2
pµ3

1
− iḡḡ′3v2

(

ḡ2 + ḡ′2
)3/2

CϕWBpµ3

1
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