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[FFS] 2 Leptons – Higgs
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[FFS] 2 Quarks – Higgs
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[FFV] 2 Leptons – Gauge Boson
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[FFV] 2 Quarks – Gauge Boson
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[SSS] 3 Higgs
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[SUU] Higgs – 2 Ghosts
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[SVV] Higgs – 2 Gauge Bosons
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[VVV] 3 Gauge Bosons
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[SSSS] 4 Higgs

C
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=

[
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2β

(
(2cα+β + s2αsβ−α)

2 M2
h0 −

2λ5 (c2α + c2β)
2 M2

Ws2
W

e2 + c2
β−αM2
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2α

) ]

C
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(
h0, h0, h0, H0

)
=

[
−3ie2cβ−αs2α

4M2
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Ws2
2β

(
s2αsβ−α

(
M2

h0 −M2
H0

)
+ cα+β

(
2M2

h0 −
4λ5 M2

Ws2
W

e2

)) ]

C
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(
H0, H0, h0, h0

)
=

[
ie2

4M2
Ws2

Ws2
2β

(
s2β

(
s2α

(
M2

h0 −M2
H0

)
− 2λ5s2βM2

Ws2
W

e2

)
− 3s2

2α

(
c2
β−αM2

h0 −
2λ5 M2

Ws2
W

e2 + M2
H0 s2

β−α

)) ]

C
92

(
H0, H0, H0, h0

)
=

[
3ie2s2αsβ−α
4M2

Ws2
Ws2

2β

(
cβ−αs2α

(
M2

h0 −M2
H0

)
+ sα+β

(
2M2

H0 −
4λ5 M2

Ws2
W

e2

)) ]

C
93

(
H0, H0, H0, H0

)
=

[
− 3ie2

4M2
Ws2

Ws2
2β

(
(cβ−αs2α − 2sα+β)

2 M2
H0 −

2λ5 (c2α − c2β)
2 M2

Ws2
W

e2 + M2
h0 s2

2αs2
β−α

) ]

C
94

(
h0, h0, A0, A0

)
=

 ie2

4M2
Ws2

Ws2
2β

 cβ−αs2α (cβ−αs2β − 2sα+β) M2
H0 +

4λ5

(
c2
α+β + c2

2βc2
β−α

)
M2

Ws2
W

e2 − 2M2
A0 s2

2βs2
β−α −

(2cα+β + s2αsβ−α) (2cα+β − s2βsβ−α) M2
h0




C
95

(
G0, A0, h0, h0

)
=

[
− ie2cβ−α

4s2βM2
Ws2

W

(
s2αsβ−α

(
M2

h0 −M2
H0

)
− s2βsβ−α

(
2M2

A0 −
4λ5 M2

Ws2
W

e2

)
+ cα+β

(
2M2

h0 −
4λ5 M2

Ws2
W

e2

)) ]

C
96

(
h0, h0, G0, G0

)
=

[
− ie2

4s2βM2
Ws2

W

(
s2βM2

h0 − s2αc2
β−α

(
M2

h0 −M2
H0

)
+ s2βc2

β−α

(
2M2

A0 −
4λ5 M2

Ws2
W

e2

)) ]

C
97

(
H0, h0, A0, A0

)
=

 − ie2

4M2
Ws2

Ws2
2β

 s2α (cβ−αs2β − 2sα+β) sβ−αM2
H0 −

4λ5c2βs2αM2
Ws2

W
e2 + cβ−αsβ−α

(
2M2

A0 −
4λ5 M2

Ws2
W

e2

)
s2

2β +

cβ−αs2α (2cα+β − s2βsβ−α) M2
h0
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C
98

(
H0, h0, A0, G0

)
=

[
− ie2

4s2βM2
Ws2

W

(
4λ5c2βcβ−αsβ−αM2

Ws2
W

e2 − s2βM2
A0

(
c2
β−α − s2

β−α

)
+ s2α

(
c2
β−αM2

h0 + M2
H0 s2

β−α

)) ]

C
99

(
H0, h0, G0, G0

)
=

[
− ie2cβ−αsβ−α

4s2βM2
Ws2

W

(
s2α

(
M2

h0 −M2
H0

)
− s2β

(
2M2

A0 −
4λ5 M2

Ws2
W

e2

)) ]

C
100

(
H0, H0, A0, A0

)
=

 ie2

4M2
Ws2

Ws2
2β

 s2αsβ−α (2cα+β − s2βsβ−α) M2
h0 − (cβ−αs2α − 2sα+β) (cβ−αs2β − 2sα+β) M2

H0 − 2c2
β−αM2

A0 s2
2β +

4λ5 M2
Ws2

W

(
s2
α+β + c2

2βs2
β−α

)
e2




C
101

(
G0, A0, H0, H0

)
=

[
ie2sβ−α

4s2βM2
Ws2

W

(
cβ−αs2α

(
M2

h0 −M2
H0

)
− cβ−αs2β

(
2M2

A0 −
4λ5 M2

Ws2
W

e2

)
+ sα+β

(
2M2

H0 −
4λ5 M2

Ws2
W

e2

)) ]

C
102

(
H0, H0, G0, G0

)
=

[
− ie2

4s2βM2
Ws2

W

(
s2βM2

H0 − s2α

(
M2

h0 −M2
H0

)
s2
β−α + s2β

(
2M2

A0 −
4λ5 M2

Ws2
W

e2

)
s2
β−α

) ]

C
103

(
H+, H−, h0, h0

)
=

 ie2

4M2
Ws2

Ws2
2β

 cβ−αs2α (cβ−αs2β − 2sα+β) M2
H0 +

4λ5

(
c2
α+β + c2

2βc2
β−α

)
M2

Ws2
W

e2 − 2M2
H−s2

2βs2
β−α −

(2cα+β + s2αsβ−α) (2cα+β − s2βsβ−α) M2
h0




C
104

(
G+, H−, h0, h0

)
=

[
− ie2cβ−α

4s2βM2
Ws2

W

(
s2αsβ−α

(
M2

h0 −M2
H0

)
+ cα+β

(
2M2

h0 −
4λ5 M2

Ws2
W

e2

)
− s2βsβ−α

(
2M2

H− −
4λ5 M2

Ws2
W

e2

)) ]

C
105

(
H+, G−, h0, h0

)
=

[
− ie2cβ−α

4s2βM2
Ws2

W

(
s2αsβ−α

(
M2

h0 −M2
H0

)
+ cα+β

(
2M2

h0 −
4λ5 M2

Ws2
W

e2

)
− s2βsβ−α

(
2M2

H− −
4λ5 M2

Ws2
W

e2

)) ]

C
106

(
G+, G−, h0, h0

)
=

[
− ie2

4s2βM2
Ws2

W

(
s2βM2

h0 − s2αc2
β−α

(
M2

h0 −M2
H0

)
+ s2βc2

β−α

(
2M2

H− −
4λ5 M2

Ws2
W

e2

)) ]

C
107

(
H+, H−, H0, h0

)
=

 − ie2

4M2
Ws2

Ws2
2β

 s2α (cβ−αs2β − 2sα+β) sβ−αM2
H0 −

4λ5c2βs2αM2
Ws2

W
e2 + cβ−αsβ−α

(
2M2

H− −
4λ5 M2

Ws2
W

e2

)
s2

2β +

cβ−αs2α (2cα+β − s2βsβ−α) M2
h0




C
108

(
H−, G+, H0, h0

)
=

[
− ie2

4s2βM2
Ws2

W

(
4λ5c2βcβ−αsβ−αM2

Ws2
W

e2 − s2βM2
H−

(
c2
β−α − s2

β−α

)
+ s2α

(
c2
β−αM2

h0 + M2
H0 s2

β−α

)) ]

C
109

(
G−, H+, H0, h0

)
=

[
− ie2

4s2βM2
Ws2

W

(
4λ5c2βcβ−αsβ−αM2

Ws2
W

e2 − s2βM2
H−

(
c2
β−α − s2

β−α

)
+ s2α

(
c2
β−αM2

h0 + M2
H0 s2

β−α

)) ]
13



C
110

(
G+, G−, H0, h0

)
=

[
− ie2cβ−αsβ−α

4s2βM2
Ws2

W

(
s2α

(
M2

h0 −M2
H0

)
− s2β

(
2M2

H− −
4λ5 M2

Ws2
W

e2

)) ]

C
111

(
H+, H−, H0, H0

)
=

 ie2

4M2
Ws2

Ws2
2β

 s2αsβ−α (2cα+β − s2βsβ−α) M2
h0 − (cβ−αs2α − 2sα+β) (cβ−αs2β − 2sα+β) M2

H0 − 2c2
β−αM2

H−s2
2β +

4λ5 M2
Ws2

W

(
s2
α+β + c2

2βs2
β−α

)
e2




C
112

(
H−, G+, H0, H0

)
=

[
ie2sβ−α

4s2βM2
Ws2

W

(
cβ−αs2α

(
M2

h0 −M2
H0

)
− cβ−αs2β

(
2M2

H− −
4λ5 M2

Ws2
W

e2

)
+ sα+β

(
2M2

H0 −
4λ5 M2

Ws2
W

e2

)) ]

C
113

(
H+, G−, H0, H0

)
=

[
ie2sβ−α

4s2βM2
Ws2

W

(
cβ−αs2α

(
M2

h0 −M2
H0

)
− cβ−αs2β

(
2M2

H− −
4λ5 M2

Ws2
W

e2

)
+ sα+β

(
2M2

H0 −
4λ5 M2

Ws2
W

e2

)) ]

C
114

(
G+, G−, H0, H0

)
=

[
− ie2

4s2βM2
Ws2

W

(
s2βM2

H0 − s2α

(
M2

h0 −M2
H0

)
s2
β−α + s2β

(
2M2

H− −
4λ5 M2

Ws2
W

e2

)
s2
β−α

) ]

C
115

(
G+, H−, h0, A0

)
=

[
e2sβ−α

4M2
Ws2

W

(
M2

A0 −M2
H−

) ]

C
116

(
H+, G−, h0, A0

)
=

[
− e2sβ−α

4M2
Ws2

W

(
M2

A0 −M2
H−

) ]

C
117

(
G+, H−, h0, G0

)
=

[
− e2cβ−α

4M2
Ws2

W

(
M2

A0 −M2
H−

) ]

C
118

(
H+, G−, h0, G0

)
=

[
e2cβ−α

4M2
Ws2

W

(
M2

A0 −M2
H−

) ]

C
119

(
G+, H−, H0, A0

)
=

[
e2cβ−α

4M2
Ws2

W

(
M2

A0 −M2
H−

) ]

C
120

(
H+, G−, H0, A0

)
=

[
− e2cβ−α

4M2
Ws2

W

(
M2

A0 −M2
H−

) ]

C
121

(
H−, G+, H0, G0

)
=

[
e2sβ−α

4M2
Ws2

W

(
M2

A0 −M2
H−

) ]

C
122

(
H+, G−, H0, G0

)
=

[
− e2sβ−α

4M2
Ws2

W

(
M2

A0 −M2
H−

) ]
14



C
123

(
A0, A0, A0, A0

)
=

[
− 3ie2

4M2
Ws2

Ws2
2β

(
(2cα+β − s2βsβ−α)

2 M2
h0 + (cβ−αs2β − 2sα+β)

2 M2
H0 −

8λ5c2
2βM2

Ws2
W

e2

) ]

C
124

(
A0, A0, A0, G0

)
=

[
− 3ie2

4s2βM2
Ws2

W

(
cβ−α (2cα+β − s2βsβ−α) M2

h0 + (cβ−αs2β − 2sα+β) sβ−αM2
H0 −

4λ5c2βM2
Ws2

W
e2

) ]

C
125

(
A0, A0, G0, G0

)
=

[
ie2

4s2βM2
Ws2

W

((
s2α − 3s2βc2

β−α

)
M2

h0 +
4λ5s2βM2

Ws2
W

e2 −M2
H0

(
s2α + 3s2βs2

β−α

)) ]

C
126

(
G0, G0, G0, A0

)
=

[
−3ie2cβ−αsβ−α

4M2
Ws2

W

(
M2

h0 −M2
H0

) ]

C
127

(
G0, G0, G0, G0

)
=

[
− 3ie2

4M2
Ws2

W

(
c2
β−αM2

H0 + M2
h0 s2

β−α

) ]

C
128

(
H+, H−, A0, A0

)
=

[
− ie2

4M2
Ws2

Ws2
2β

(
(2cα+β − s2βsβ−α)

2 M2
h0 + (cβ−αs2β − 2sα+β)

2 M2
H0 −

8λ5c2
2βM2

Ws2
W

e2

) ]

C
129

(
G+, H−, A0, A0

)
=

[
− ie2

4s2βM2
Ws2

W

(
cβ−α (2cα+β − s2βsβ−α) M2

h0 + (cβ−αs2β − 2sα+β) sβ−αM2
H0 −

4λ5c2βM2
Ws2

W
e2

) ]

C
130

(
H+, G−, A0, A0

)
=

[
− ie2

4s2βM2
Ws2

W

(
cβ−α (2cα+β − s2βsβ−α) M2

h0 + (cβ−αs2β − 2sα+β) sβ−αM2
H0 −

4λ5c2βM2
Ws2

W
e2

) ]

C
131

(
G+, G−, A0, A0

)
=

[
− ie2

4s2βM2
Ws2

W

(
sβ−α (2cα+β − s2βsβ−α) M2

h0 − cβ−α (cβ−αs2β − 2sα+β) M2
H0 + s2β

(
2M2

H− −
4λ5 M2

Ws2
W

e2

)) ]

C
132

(
H+, H−, A0, G0

)
=

[
− ie2

4s2βM2
Ws2

W

(
cβ−α (2cα+β − s2βsβ−α) M2

h0 + (cβ−αs2β − 2sα+β) sβ−αM2
H0 −

4λ5c2βM2
Ws2

W
e2

) ]

C
133

(
H−, G+, A0, G0

)
=

[
− ie2

4M2
Ws2

W

(
c2
β−αM2

h0 −M2
H− + M2

H0 s2
β−α

) ]

C
134

(
H+, G−, A0, G0

)
=

[
− ie2

4M2
Ws2

W

(
c2
β−αM2

h0 −M2
H− + M2

H0 s2
β−α

) ]

C
135

(
G−, G+, A0, G0

)
=

[
− ie2cβ−αsβ−α

4M2
Ws2

W

(
M2

h0 −M2
H0

) ]

C
136

(
H+, H−, G0, G0

)
=

[
− ie2

4s2βM2
Ws2

W

(
sβ−α (2cα+β − s2βsβ−α) M2

h0 − cβ−α (cβ−αs2β − 2sα+β) M2
H0 + s2β

(
2M2

H− −
4λ5 M2

Ws2
W

e2

)) ]
15



C
137

(
G+, H−, G0, G0

)
=

[
− ie2cβ−αsβ−α

4M2
Ws2

W

(
M2

h0 −M2
H0

) ]

C
138

(
H+, G−, G0, G0

)
=

[
− ie2cβ−αsβ−α

4M2
Ws2

W

(
M2

h0 −M2
H0

) ]

C
139

(
G+, G−, G0, G0

)
=

[
− ie2

4M2
Ws2

W

(
c2
β−αM2

H0 + M2
h0 s2

β−α

) ]

C
140

(
H+, H−, H+, H−

)
=

[
− ie2

2M2
Ws2

Ws2
2β

(
(2cα+β − s2βsβ−α)

2 M2
h0 + (cβ−αs2β − 2sα+β)

2 M2
H0 −

8λ5c2
2βM2

Ws2
W

e2

) ]

C
141

(
H−, H−, G+, H+

)
=

[
− ie2

2s2βM2
Ws2

W

(
cβ−α (2cα+β − s2βsβ−α) M2

h0 + (cβ−αs2β − 2sα+β) sβ−αM2
H0 −

4λ5c2βM2
Ws2

W
e2

) ]

C
142

(
H−, H−, G+, G+

)
=

[
ie2

2M2
Ws2

W

(
M2

A0 − c2
β−αM2

h0 −M2
H0 s2

β−α

) ]

C
143

(
H−, H+, G−, H+

)
=

[
− ie2

2s2βM2
Ws2

W

(
cβ−α (2cα+β − s2βsβ−α) M2

h0 + (cβ−αs2β − 2sα+β) sβ−αM2
H0 −

4λ5c2βM2
Ws2

W
e2

) ]

C
144

(
H+, G+, G−, H−

)
=

[
ie2

4s2βM2
Ws2

W

((
s2α − 2s2βc2

β−α

)
M2

h0 − s2β

(
M2

A0 −
4λ5 M2

Ws2
W

e2

)
−M2

H0

(
s2α + 2s2βs2

β−α

)) ]

C
145

(
G+, G+, G−, H−

)
=

[
− ie2cβ−αsβ−α

2M2
Ws2

W

(
M2

h0 −M2
H0

) ]

C
146

(
H+, H+, G−, G−

)
=

[
ie2

2M2
Ws2

W

(
M2

A0 − c2
β−αM2

h0 −M2
H0 s2

β−α

) ]

C
147

(
G−, G−, G+, H+

)
=

[
− ie2cβ−αsβ−α

2M2
Ws2

W

(
M2

h0 −M2
H0

) ]

C
148

(
G+, G−, G+, G−

)
=

[
− ie2

2M2
Ws2

W

(
c2
β−αM2

H0 + M2
h0 s2

β−α

) ]

16



[SSVV] 2 Higgs – 2 Gauge Bosons

C
31

(
h0, h0, Z, Z

)
=

[
ie2

2c2
Ws2

W

]

C
32

(
h0, h0, W−, W+

)
=

[
ie2

2s2
W

]

C
33

(
G0, G0, Z, Z

)
=

[
ie2

2c2
Ws2

W

]

C
34

(
G0, G0, W−, W+

)
=

[
ie2

2s2
W

]

C
35

(
G−, G+,γ,γ

)
=
[

2ie2
]

C
36

(
G−, G+,γ, Z

)
=

[
ie2

cWsW

(
c2

W − s2
W

) ]

C
37

(
G−, G+, Z, Z

)
=

[
ie2

2c2
Ws2

W

(
c2

W − s2
W

)2
]

C
38

(
G−, G+, W−, W+

)
=

[
ie2

2s2
W

]

C
149

(
h0, H−,γ, W+

)
=

[
ie2cβ−α

2sW

]

C
150

(
h0, H−, Z, W+

)
=

[
− ie2cβ−α

2cW

]

C
151

(
h0, G−,γ, W+

)
=

[
ie2sβ−α

2sW

]

C
152

(
h0, G−, Z, W+

)
=

[
− ie2sβ−α

2cW

]

C
153

(
h0, H+,γ, W−

)
=

[
ie2cβ−α

2sW

]

C
154

(
h0, H+, Z, W−

)
=

[
− ie2cβ−α

2cW

]
17



C
155

(
h0, G+,γ, W−

)
=

[
ie2sβ−α

2sW

]

C
156

(
h0, G+, Z, W−

)
=

[
− ie2sβ−α

2cW

]

C
157

(
H0, H0, Z, Z

)
=

[
ie2

2c2
Ws2

W

]

C
158

(
H0, H0, W−, W+

)
=

[
ie2

2s2
W

]

C
159

(
H0, H−,γ, W+

)
=

[
− ie2sβ−α

2sW

]

C
160

(
H0, H−, Z, W+

)
=

[
ie2sβ−α

2cW

]

C
161

(
H0, G−,γ, W+

)
=

[
ie2cβ−α

2sW

]

C
162

(
H0, G−, Z, W+

)
=

[
− ie2cβ−α

2cW

]

C
163

(
H0, H+,γ, W−

)
=

[
− ie2sβ−α

2sW

]

C
164

(
H0, H+, Z, W−

)
=

[
ie2sβ−α

2cW

]

C
165

(
H0, G+,γ, W−

)
=

[
ie2cβ−α

2sW

]

C
166

(
H0, G+, Z, W−

)
=

[
− ie2cβ−α

2cW

]

C
167

(
A0, A0, Z, Z

)
=

[
ie2

2c2
Ws2

W

]

C
168

(
A0, A0, W−, W+

)
=

[
ie2

2s2
W

]
18



C
169

(
A0, H−,γ, W+

)
=

[
− e2

2sW

]

C
170

(
A0, H−, Z, W+

)
=

[
e2

2cW

]

C
171

(
A0, H+,γ, W−

)
=

[
e2

2sW

]

C
172

(
A0, H+, Z, W−

)
=

[
− e2

2cW

]

C
173

(
G0, G−,γ, W+

)
=

[
− e2

2sW

]

C
174

(
G0, G−, Z, W+

)
=

[
e2

2cW

]

C
175

(
G0, G+,γ, W−

)
=

[
e2

2sW

]

C
176

(
G0, G+, Z, W−

)
=

[
− e2

2cW

]

C
177

(
H−, H+,γ,γ

)
=
[

2ie2
]

C
178

(
H−, H+,γ, Z

)
=

[
ie2

cWsW

(
c2

W − s2
W

) ]

C
179

(
H−, H+, Z, Z

)
=

[
ie2

2c2
Ws2

W

(
c2

W − s2
W

)2
]

C
180

(
H−, H+, W−, W+

)
=

[
ie2

2s2
W

]

19



[VVVV] 4 Gauge Bosons

C
39

(
γ,γ, W−, W+

)
= ie2



−2

1

1



C
40

(
γ, Z, W−, W+

)
=

ie2cW

sW



−2

1

1



C
41

(
Z, Z, W−, W+

)
=

ie2c2
W

s2
W



−2

1

1



C
42

(
W−, W−, W+, W+

)
=

ie2

s2
W



2

−1

−1
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