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1 Fields

1.1 Gauge Fields

Name SU(N) Coupling Name

B U(1) g1 hypercharge
W SU(2) g2 left
g SU(3) g3 color

1.2 Matter Superfields

Name Spin Generations (U(1)⊗ SU(2)⊗ SU(3))

Hd 0 1 (− 1
2 ,2,1)

Hu 0 1 ( 1
2 ,2,1)

q 1
2 3 ( 1

6 ,2,3)

l 1
2 3 (− 1

2 ,2,1)

d 1
2 3 ( 1

3 ,1,3)

u 1
2 3 (− 2

3 ,1,3)

e 1
2 3 (1,1,1)

2 Lagrangian

2.1 Input Lagrangian for Eigenstates GaugeES

L = 0 (1)

2.2 Gauge fixing terms
2.2.1 Gauge fixing terms for eigenstates ’GaugeES’

LGF = − 1

2
|∂µB|2ξ−1

B −
1

2
|∂µg|2ξ−1

g −
1

2
|∂µW |2ξ−1

W (2)

2.2.2 Gauge fixing terms for eigenstates ’EWSB’

LGF = − 1

2
|∂µg|2ξ−1

g −
1

2
|∂µγ|2ξ−1

γ − |
i

2
g2vconj

(
Hdm

)
ξW+ + ∂µW

+|2ξ−1
W+

− 1

2
|1
2

(
2∂µZ +A0vξZ

(
g1 sin ΘW + g2 cos ΘW

))
|2ξ−1

Z (3)
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2.3 Fields integrated out
None

3 Renormalization Group Equations

3.1 Gauge Couplings

β(1)
g1 =

21

5
g3

1 (4)

β(2)
g1 =

1

50
g3

1

(
180g2

2 + 208g2
1 − 25Tr

(
YdY

†
d

)
+ 440g2

3 − 75Tr
(
YeY

†
e

)
− 85Tr

(
YuY

†
u

))
(5)

β(1)
g2 = −3g3

2 (6)

β(2)
g2 =

1

10
g3

2

(
120g2

3 + 12g2
1 − 15Tr

(
YdY

†
d

)
− 15Tr

(
YuY

†
u

)
− 5Tr

(
YeY

†
e

)
+ 80g2

2

)
(7)

β(1)
g3 = −7g3

3 (8)

β(2)
g3 = − 1

10
g3

3

(
− 11g2

1 + 20Tr
(
YdY

†
d

)
+ 20Tr

(
YuY

†
u

)
+ 260g2

3 − 45g2
2

)
(9)

3.2 Quartic scalar couplings

β
(1)
Lambda5 = 2Lambda5Tr

(
YeY

†
e

)
+ 4Lambda1Lambda5 + 4Lambda2Lambda5− 4Lambda4Lambda5 + 6Lambda5Tr

(
YdY

†
d

)
+ 6Lambda5Tr

(
YuY

†
u

)
+ 8Lambda3Lambda5− 9g2

2Lambda5− 9

5
g2

1Lambda5

(10)

β
(2)
Lambda5 = +

1413

200
g4

1Lambda5 +
57

20
g2

1g
2
2Lambda5− 231

8
g4

2Lambda5− 12

5
g2

1Lambda1Lambda5− 28Lambda12Lambda5− 12

5
g2

1Lambda2Lambda5− 28Lambda22Lambda5 +
48

5
g2

1Lambda3Lambda5 + 36g2
2Lambda3Lambda5− 80Lambda1Lambda3Lambda5− 80Lambda2Lambda3Lambda5− 28Lambda32Lambda5

− 24

5
g2

1Lambda4Lambda5− 36g2
2Lambda4Lambda5 + 8Lambda1Lambda4Lambda5 + 8Lambda2Lambda4Lambda5 + 20Lambda3Lambda4Lambda5 + 16Lambda42Lambda5 + 6Lambda53 +

1

4

(
16
(

10g2
3 + 3Lambda4− 6Lambda1− 6Lambda3

)
+ 45g2

2 + 5g2
1

)
Lambda5Tr

(
YdY

†
d

)
+

1

4

(
15g2

1 + 15g2
2 + 16

(
− 2Lambda1− 2Lambda3 + Lambda4

))
Lambda5Tr

(
YeY

†
e

)
+

17

4
g2

1Lambda5Tr
(
YuY

†
u

)
+

45

4
g2

2Lambda5Tr
(
YuY

†
u

)
+ 40g2

3Lambda5Tr
(
YuY

†
u

)
− 24Lambda1Lambda5Tr

(
YuY

†
u

)
− 24Lambda3Lambda5Tr

(
YuY

†
u

)
+ 12Lambda4Lambda5Tr

(
YuY

†
u

)
− 3

2
Lambda5Tr

(
YdY

†
d YdY

†
d

)
+ 3Lambda5Tr

(
YdY

†
d YuY

†
u

)
− 1

2
Lambda5Tr

(
YeY

†
e YeY

†
e

)
− 3

2
Lambda5Tr

(
YuY

†
uYuY

†
u

)
(11)

β
(1)
Lambda1 = +

27

200
g4

1 +
9

20
g2

1g
2
2 +

9

8
g4

2 −
9

5
g2

1Lambda1− 9g2
2Lambda1 + 24Lambda12 + 2Lambda32 + 2Lambda3Lambda4 + Lambda42 + Lambda52 + 12Lambda1Tr

(
YdY

†
d

)
+ 4Lambda1Tr

(
YeY

†
e

)
+ 12Lambda1Tr

(
YuY

†
u

)
− 6Tr

(
YdY

†
d YdY

†
d

)
− 2Tr

(
YeY

†
e YeY

†
e

)
− 6Tr

(
YuY

†
uYuY

†
u

)
(12)

β
(2)
Lambda1 = −3537

2000
g6

1 −
1719

400
g4

1g
2
2 −

303

80
g2

1g
4
2 +

291

16
g6

2 +
1953

200
g4

1Lambda1 +
117

20
g2

1g
2
2Lambda1− 51

8
g4

2Lambda1 +
108

5
g2

1Lambda12 + 108g2
2Lambda12 − 312Lambda13

+
9

10
g4

1Lambda3 +
15

2
g4

2Lambda3 +
12

5
g2

1Lambda32 + 12g2
2Lambda32 − 20Lambda1Lambda32 − 8Lambda33 +

9

20
g4

1Lambda4− 3

2
g2

1g
2
2Lambda4 +

15

4
g4

2Lambda4 +
12

5
g2

1Lambda3Lambda4 + 12g2
2Lambda3Lambda4
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− 20Lambda1Lambda3Lambda4− 12Lambda32Lambda4 +
6

5
g2

1Lambda42 + 3g2
2Lambda42 − 12Lambda1Lambda42 − 16Lambda3Lambda42 − 6Lambda43 − 3

5
g2

1Lambda52 − 14Lambda1Lambda52 − 20Lambda3Lambda52 + 2Lambda4Lambda52

+
1

20

(
− 5
(

64Lambda1
(
− 5g2

3 + 9Lambda1
)
− 90g2

2Lambda1 + 9g4
2

)
+ 9g4

1 + g2
1

(
50Lambda1 + 54g2

2

))
Tr
(
YdY

†
d

)
− 3

20

(
15g4

1 − 2g2
1

(
11g2

2 + 25Lambda1
)

+ 5
(
− 10g2

2Lambda1 + 64Lambda12 + g4
2

))
Tr
(
YeY

†
e

)
− 171

100
g4

1Tr
(
YuY

†
u

)
+

63

10
g2

1g
2
2Tr
(
YuY

†
u

)
− 9

4
g4

2Tr
(
YuY

†
u

)
+

17

2
g2

1Lambda1Tr
(
YuY

†
u

)
+

45

2
g2

2Lambda1Tr
(
YuY

†
u

)
+ 80g2

3Lambda1Tr
(
YuY

†
u

)
− 144Lambda12Tr

(
YuY

†
u

)
+

4

5
g2

1Tr
(
YdY

†
d YdY

†
d

)
− 32g2

3Tr
(
YdY

†
d YdY

†
d

)
− 3Lambda1Tr

(
YdY

†
d YdY

†
d

)
− 42Lambda1Tr

(
YdY

†
d YuY

†
u

)
− 12

5
g2

1Tr
(
YeY

†
e YeY

†
e

)
− Lambda1Tr

(
YeY

†
e YeY

†
e

)
− 8

5
g2

1Tr
(
YuY

†
uYuY

†
u

)
− 32g2

3Tr
(
YuY

†
uYuY

†
u

)
− 3Lambda1Tr

(
YuY

†
uYuY

†
u

)
+ 30Tr

(
YdY

†
d YdY

†
d YdY

†
d

)
+ 6Tr

(
YdY

†
d YdY

†
d YuY

†
u

)
− 12Tr

(
YdY

†
d YuY

†
uYdY

†
d

)
− 6Tr

(
YdY

†
d YuY

†
uYuY

†
u

)
+ 10Tr

(
YeY

†
e YeY

†
e YeY

†
e

)
+ 30Tr

(
YuY

†
uYuY

†
uYuY

†
u

)
(13)

β
(1)
Lambda4 = 2Lambda4Tr

(
YeY

†
e

)
+ 4Lambda1Lambda4 + 4Lambda2Lambda4 + 4Lambda42 + 6Lambda4Tr

(
YdY

†
d

)
+ 6Lambda4Tr

(
YuY

†
u

)
+ 8Lambda3Lambda4− 8Lambda52 − 9g2

2Lambda4− 9

5
g2

1g
2
2 −

9

5
g2

1Lambda4

(14)

β
(2)
Lambda4 = +

657

50
g4

1g
2
2 +

42

5
g2

1g
4
2 − 6g2

1g
2
2Lambda1− 6g2

1g
2
2Lambda2− 6

5
g2

1g
2
2Lambda3 +

1413

200
g4

1Lambda4 +
129

20
g2

1g
2
2Lambda4− 231

8
g4

2Lambda4

+
24

5
g2

1Lambda1Lambda4− 28Lambda12Lambda4 +
24

5
g2

1Lambda2Lambda4− 28Lambda22Lambda4 +
12

5
g2

1Lambda3Lambda4 + 36g2
2Lambda3Lambda4− 80Lambda1Lambda3Lambda4− 80Lambda2Lambda3Lambda4− 28Lambda32Lambda4− 12

5
g2

1Lambda42 + 18g2
2Lambda42 − 40Lambda1Lambda42

− 40Lambda2Lambda42 − 28Lambda3Lambda42 − 48

5
g2

1Lambda52 − 54g2
2Lambda52 + 48Lambda1Lambda52 + 48Lambda2Lambda52 + 48Lambda3Lambda52 + 22Lambda4Lambda52

+
(

4
(

10g2
3Lambda4− 3Lambda42 − 6Lambda1Lambda4− 6Lambda3Lambda4 + 6Lambda52

)
+

45

4
g2

2Lambda4 + g2
1

(
− 27

5
g2

2 +
5

4
Lambda4

))
Tr
(
YdY

†
d

)
+
(
− 4
(

2Lambda1Lambda4 + 2Lambda3Lambda4− 2Lambda52 + Lambda42
)

+
15

4
g2

2Lambda4 + g2
1

(15

4
Lambda4− 33

5
g2

2

))
Tr
(
YeY

†
e

)
− 63

5
g2

1g
2
2Tr
(
YuY

†
u

)
+

17

4
g2

1Lambda4Tr
(
YuY

†
u

)
+

45

4
g2

2Lambda4Tr
(
YuY

†
u

)
+ 40g2

3Lambda4Tr
(
YuY

†
u

)
− 24Lambda1Lambda4Tr

(
YuY

†
u

)
− 24Lambda3Lambda4Tr

(
YuY

†
u

)
− 12Lambda42Tr

(
YuY

†
u

)
+ 24Lambda52Tr

(
YuY

†
u

)
− 27

2
Lambda4Tr

(
YdY

†
d YdY

†
d

)
+ 27Lambda4Tr

(
YdY

†
d YuY

†
u

)
− 9

2
Lambda4Tr

(
YeY

†
e YeY

†
e

)
− 27

2
Lambda4Tr

(
YuY

†
uYuY

†
u

)
(15)

β
(1)
Lambda3 = +

27

100
g4

1 +
9

10
g2

1g
2
2 +

9

4
g4

2 −
9

5
g2

1Lambda3− 9g2
2Lambda3 + 12Lambda1Lambda3 + 12Lambda2Lambda3 + 4Lambda32 + 4Lambda1Lambda4 + 4Lambda2Lambda4 + 2Lambda42 + 10Lambda52 + 6Lambda3Tr

(
YdY

†
d

)
+ 2Lambda3Tr

(
YeY

†
e

)
+ 6Lambda3Tr

(
YuY

†
u

)
(16)

β
(2)
Lambda3 = −3537

1000
g6

1 −
1719

200
g4

1g
2
2 −

303

40
g2

1g
4
2 +

291

8
g6

2 +
27

10
g4

1Lambda1 + 3g2
1g

2
2Lambda1 +

45

2
g4

2Lambda1 +
27

10
g4

1Lambda2 + 3g2
1g

2
2Lambda2 +

45

2
g4

2Lambda2

+
1773

200
g4

1Lambda3 +
57

20
g2

1g
2
2Lambda3− 111

8
g4

2Lambda3 +
72

5
g2

1Lambda1Lambda3 + 72g2
2Lambda1Lambda3− 60Lambda12Lambda3 +

72

5
g2

1Lambda2Lambda3 + 72g2
2Lambda2Lambda3− 60Lambda22Lambda3 +

6

5
g2

1Lambda32 + 6g2
2Lambda32
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− 72Lambda1Lambda32 − 72Lambda2Lambda32 − 12Lambda33 +
9

10
g4

1Lambda4− 3g2
1g

2
2Lambda4 +

15

2
g4

2Lambda4 +
24

5
g2

1Lambda1Lambda4 + 36g2
2Lambda1Lambda4− 16Lambda12Lambda4 +

24

5
g2

1Lambda2Lambda4 + 36g2
2Lambda2Lambda4− 16Lambda22Lambda4

− 12g2
2Lambda3Lambda4− 32Lambda1Lambda3Lambda4− 32Lambda2Lambda3Lambda4− 4Lambda32Lambda4 +

12

5
g2

1Lambda42 + 6g2
2Lambda42 − 28Lambda1Lambda42 − 28Lambda2Lambda42 − 16Lambda3Lambda42 − 12Lambda43 + 12g2

1Lambda52 + 54g2
2Lambda52 − 84Lambda1Lambda52

− 84Lambda2Lambda52 − 66Lambda3Lambda52 + 4Lambda4Lambda52

+
1

20

(
− 5
(
− 45g2

2Lambda3 + 8
(
− 20g2

3Lambda3 + 3
(

2Lambda32 + 4Lambda1
(

3Lambda3 + Lambda4
)

+ 5Lambda52 + Lambda42
))

+ 9g4
2

)
+ 9g4

1 + g2
1

(
25Lambda3 + 54g2

2

))
Tr
(
YdY

†
d

)
− 1

20

(
− 3g2

1

(
22g2

2 + 25Lambda3
)

+ 45g4
1 + 5

(
− 15g2

2Lambda3 + 3g4
2 + 8

(
2Lambda32 + 4Lambda1

(
3Lambda3 + Lambda4

)
+ 5Lambda52 + Lambda42

)))
Tr
(
YeY

†
e

)
− 171

100
g4

1Tr
(
YuY

†
u

)
+

63

10
g2

1g
2
2Tr
(
YuY

†
u

)
− 9

4
g4

2Tr
(
YuY

†
u

)
+

17

4
g2

1Lambda3Tr
(
YuY

†
u

)
+

45

4
g2

2Lambda3Tr
(
YuY

†
u

)
+ 40g2

3Lambda3Tr
(
YuY

†
u

)
− 72Lambda1Lambda3Tr

(
YuY

†
u

)
− 12Lambda32Tr

(
YuY

†
u

)
− 24Lambda1Lambda4Tr

(
YuY

†
u

)
− 6Lambda42Tr

(
YuY

†
u

)
− 30Lambda52Tr

(
YuY

†
u

)
− 27

2
Lambda3Tr

(
YdY

†
d YdY

†
d

)
− 21Lambda3Tr

(
YdY

†
d YuY

†
u

)
− 24Lambda4Tr

(
YdY

†
d YuY

†
u

)
− 9

2
Lambda3Tr

(
YeY

†
e YeY

†
e

)
− 27

2
Lambda3Tr

(
YuY

†
uYuY

†
u

)
(17)

β
(1)
Lambda2 = 24Lambda22 + 2Lambda32 + 2Lambda3Lambda4− 9g2

2Lambda2 +
27

200
g4

1 +
9

20
g2

1

(
− 4Lambda2 + g2

2

)
+

9

8
g4

2 + Lambda42 + Lambda52

(18)

β
(2)
Lambda2 = −3537

2000
g6

1 −
1719

400
g4

1g
2
2 −

303

80
g2

1g
4
2 +

291

16
g6

2 +
1953

200
g4

1Lambda2 +
117

20
g2

1g
2
2Lambda2− 51

8
g4

2Lambda2 +
108

5
g2

1Lambda22 + 108g2
2Lambda22 − 312Lambda23

+
9

10
g4

1Lambda3 +
15

2
g4

2Lambda3 +
12

5
g2

1Lambda32 + 12g2
2Lambda32 − 20Lambda2Lambda32 − 8Lambda33 +

9

20
g4

1Lambda4− 3

2
g2

1g
2
2Lambda4 +

15

4
g4

2Lambda4 +
12

5
g2

1Lambda3Lambda4 + 12g2
2Lambda3Lambda4

− 20Lambda2Lambda3Lambda4− 12Lambda32Lambda4 +
6

5
g2

1Lambda42 + 3g2
2Lambda42 − 12Lambda2Lambda42 − 16Lambda3Lambda42 − 6Lambda43 − 3

5
g2

1Lambda52 − 14Lambda2Lambda52 − 20Lambda3Lambda52 + 2Lambda4Lambda52

− 6
(

2Lambda32 + 2Lambda3Lambda4 + Lambda42 + Lambda52
)
Tr
(
YdY

†
d

)
− 2
(

2Lambda32 + 2Lambda3Lambda4 + Lambda42 + Lambda52
)
Tr
(
YeY

†
e

)
− 12Lambda32Tr

(
YuY

†
u

)
− 12Lambda3Lambda4Tr

(
YuY

†
u

)
− 6Lambda42Tr

(
YuY

†
u

)
− 6Lambda52Tr

(
YuY

†
u

)
(19)

3.3 Yukawa Couplings

β
(1)
Ye

=
3

2
YeY

†
e Ye + Ye

(
3Tr
(
YdY

†
d

)
+ 3Tr

(
YuY

†
u

)
− 9

4
g2

1 −
9

4
g2

2 + Tr
(
YeY

†
e

))
(20)

β
(2)
Ye

= +
3

80

(
40YeY

†
e YeY

†
e Ye

+ YeY
†
e Ye

(
129g2

1 − 180Tr
(
YdY

†
d

)
− 180Tr

(
YuY

†
u

)
+ 225g2

2 − 320Lambda1− 60Tr
(
YeY

†
e

)))
+ Ye

(1449

200
g4

1 +
27

20
g2

1g
2
2 −

21

4
g4

2 + 6Lambda12 + Lambda32 + Lambda3Lambda4 + Lambda42 +
3

2
Lambda52 +

5

8

(
32g2

3 + 9g2
2 + g2

1

)
Tr
(
YdY

†
d

)
+

15

8

(
g2

1 + g2
2

)
Tr
(
YeY

†
e

)
+

17

8
g2

1Tr
(
YuY

†
u

)
+

45

8
g2

2Tr
(
YuY

†
u

)
+ 20g2

3Tr
(
YuY

†
u

)
− 27

4
Tr
(
YdY

†
d YdY

†
d

)
+

3

2
Tr
(
YdY

†
d YuY

†
u

)
− 9

4
Tr
(
YeY

†
e YeY

†
e

)
− 27

4
Tr
(
YuY

†
uYuY

†
u

))
(21)
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β
(1)
Yd

=
1

4

(
6
(
− YuY †uYd + YdY

†
d Yd

)
− Yd

(
− 12Tr

(
YdY

†
d

)
− 12Tr

(
YuY

†
u

)
+ 32g2

3 − 4Tr
(
YeY

†
e

)
+ 9g2

2 + g2
1

))
(22)

β
(2)
Yd

= +
1

80

(
20
(

11YuY
†
uYuY

†
uYd − 4YuY

†
uYdY

†
d Yd + 6YdY

†
d YdY

†
d Yd − YdY

†
d YuY

†
uYd

)
+ YdY

†
d Yd

(
1280g2

3 − 180Tr
(
YeY

†
e

)
+ 187g2

1 − 540Tr
(
YdY

†
d

)
− 540Tr

(
YuY

†
u

)
+ 675g2

2 − 960Lambda1
)

+ YuY
†
uYd

(
100Tr

(
YeY

†
e

)
− 1280g2

3 + 300Tr
(
YdY

†
d

)
+ 300Tr

(
YuY

†
u

)
+ 45g2

2 − 79g2
1

))
+ Yd

(
− 113

600
g4

1 −
27

20
g2

1g
2
2 −

21

4
g4

2 +
31

15
g2

1g
2
3 + 9g2

2g
2
3 − 108g4

3 + 6Lambda12 + Lambda32 + Lambda3Lambda4 + Lambda42 +
3

2
Lambda52

+
5

8

(
32g2

3 + 9g2
2 + g2

1

)
Tr
(
YdY

†
d

)
+

15

8

(
g2

1 + g2
2

)
Tr
(
YeY

†
e

)
+

17

8
g2

1Tr
(
YuY

†
u

)
+

45

8
g2

2Tr
(
YuY

†
u

)
+ 20g2

3Tr
(
YuY

†
u

)
− 27

4
Tr
(
YdY

†
d YdY

†
d

)
+

3

2
Tr
(
YdY

†
d YuY

†
u

)
− 9

4
Tr
(
YeY

†
e YeY

†
e

)
− 27

4
Tr
(
YuY

†
uYuY

†
u

))
(23)

β
(1)
Yu

= −3

2

(
− YuY †uYu + YdY

†
d Yu

)
+ Yu

(
3Tr
(
YdY

†
d

)
+ 3Tr

(
YuY

†
u

)
− 8g2

3 −
17

20
g2

1 −
9

4
g2

2 + Tr
(
YeY

†
e

))
(24)

β
(2)
Yu

= +
1

80

(
20
(

11YdY
†
d YdY

†
d Yu − 4YdY

†
d YuY

†
uYu + 6YuY

†
uYuY

†
uYu − YuY †uYdY

†
d Yu

)
+ YuY

†
uYu

(
1280g2

3 − 180Tr
(
YeY

†
e

)
+ 223g2

1 − 540Tr
(
YdY

†
d

)
− 540Tr

(
YuY

†
u

)
+ 675g2

2 − 960Lambda1
)

+ YdY
†
d Yu

(
100Tr

(
YeY

†
e

)
− 1280g2

3 + 300Tr
(
YdY

†
d

)
+ 300Tr

(
YuY

†
u

)
− 43g2

1 + 45g2
2

))
+ Yu

(1267

600
g4

1 −
9

20
g2

1g
2
2 −

21

4
g4

2 +
19

15
g2

1g
2
3 + 9g2

2g
2
3 − 108g4

3 + 6Lambda12 + Lambda32 + Lambda3Lambda4 + Lambda42 +
3

2
Lambda52

+
5

8

(
32g2

3 + 9g2
2 + g2

1

)
Tr
(
YdY

†
d

)
+

15

8

(
g2

1 + g2
2

)
Tr
(
YeY

†
e

)
+

17

8
g2

1Tr
(
YuY

†
u

)
+

45

8
g2

2Tr
(
YuY

†
u

)
+ 20g2

3Tr
(
YuY

†
u

)
− 27

4
Tr
(
YdY

†
d YdY

†
d

)
+

3

2
Tr
(
YdY

†
d YuY

†
u

)
− 9

4
Tr
(
YeY

†
e YeY

†
e

)
− 27

4
Tr
(
YuY

†
uYuY

†
u

))
(25)

3.4 Scalar Mass Terms

β
(1)

m2
Hd

= − 9

10
g2

1m
2
Hd
− 9

2
g2

2m
2
Hd

+ 12Lambda1m2
Hd

+ 4Lambda3m2
Hu + 2Lambda4m2

Hu + 6m2
Hd

Tr
(
YdY

†
d

)
+ 2m2

Hd
Tr
(
YeY

†
e

)
+ 6m2

Hd
Tr
(
YuY

†
u

)
(26)

β
(2)

m2
Hd

= +
1737

400
g4

1m
2
Hd

+
9

8
g2

1g
2
2m

2
Hd
− 123

16
g4

2m
2
Hd

+
72

5
g2

1Lambda1m2
Hd

+ 72g2
2Lambda1m2

Hd
− 60Lambda12m2

Hd
− 2Lambda32m2

Hd
− 2Lambda3Lambda4m2

Hd

− 2Lambda42m2
Hd
− 3Lambda52m2

Hd
+

9

10
g4

1m
2
Hu +

15

2
g4

2m
2
Hu +

24

5
g2

1Lambda3m2
Hu + 24g2

2Lambda3m2
Hu − 8Lambda32m2

Hu +
12

5
g2

1Lambda4m2
Hu

+ 12g2
2Lambda4m2

Hu − 8Lambda3Lambda4m2
Hu − 8Lambda42m2

Hu − 12Lambda52m2
Hu +

1

4

(
160g2

3 − 288Lambda1 + 45g2
2 + 5g2

1

)
m2
Hd

Tr
(
YdY

†
d

)
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+
3

4

(
− 32Lambda1 + 5g2

1 + 5g2
2

)
m2
Hd

Tr
(
YeY

†
e

)
+

17

4
g2

1m
2
Hd

Tr
(
YuY

†
u

)
+

45

4
g2

2m
2
Hd

Tr
(
YuY

†
u

)
+ 40g2

3m
2
Hd

Tr
(
YuY

†
u

)
− 72Lambda1m2

Hd
Tr
(
YuY

†
u

)
− 27

2
m2
Hd

Tr
(
YdY

†
d YdY

†
d

)
− 21m2

Hd
Tr
(
YdY

†
d YuY

†
u

)
− 9

2
m2
Hd

Tr
(
YeY

†
e YeY

†
e

)
− 27

2
m2
Hd

Tr
(
YuY

†
uYuY

†
u

)
(27)

β
(1)

m2
Hu

= 2Lambda4m2
Hd

+ 4Lambda3m2
Hd
− 3

10

(
15g2

2 + 3g2
1 − 40Lambda2

)
m2
Hu (28)

β
(2)

m2
Hu

= +
9

10
g4

1m
2
Hd

+
15

2
g4

2m
2
Hd

+
24

5
g2

1Lambda3m2
Hd

+ 24g2
2Lambda3m2

Hd
− 8Lambda32m2

Hd
+

12

5
g2

1Lambda4m2
Hd

+ 12g2
2Lambda4m2

Hd
− 8Lambda3Lambda4m2

Hd

− 8Lambda42m2
Hd
− 12Lambda52m2

Hd
+

1737

400
g4

1m
2
Hu +

9

8
g2

1g
2
2m

2
Hu −

123

16
g4

2m
2
Hu +

72

5
g2

1Lambda2m2
Hu + 72g2

2Lambda2m2
Hu

− 60Lambda22m2
Hu − 2Lambda32m2

Hu − 2Lambda3Lambda4m2
Hu − 2Lambda42m2

Hu − 3Lambda52m2
Hu − 12

(
2Lambda3 + Lambda4

)
m2
Hd

Tr
(
YdY

†
d

)
− 4
(

2Lambda3 + Lambda4
)
m2
Hd

Tr
(
YeY

†
e

)
− 24Lambda3m2

Hd
Tr
(
YuY

†
u

)
− 12Lambda4m2

Hd
Tr
(
YuY

†
u

)
(29)

3.5 Vacuum expectation values

β(1)
v =

1

20
v
(

15g2
2Xi− 20Tr

(
YeY

†
e

)
+ 3g2

1Xi + 45g2
2 − 60Tr

(
YdY

†
d

)
− 60Tr

(
YuY

†
u

)
+ 9g2

1

)
(30)

β(2)
v =

1

800
v
(
− 1359g4

1 − 270g2
1g

2
2 + 6225g4

2 − 4800Lambda12 − 800Lambda32 − 800Lambda3Lambda4− 800Lambda42 − 1200Lambda52 + 18g4
1Xi + 180g2

1g
2
2Xi + 2250g4

2Xi

+ 18g4
1Xi

2 + 180g2
1g

2
2Xi

2 − 450g4
2Xi

2 − 20
(

45g2
2

(
2Xi + 5

)
+ 800g2

3 + g2
1

(
18Xi + 25

))
Tr
(
YdY

†
d

)
− 60

(
5g2

2

(
2Xi + 5

)
+ g2

1

(
2Xi + 25

))
Tr
(
YeY

†
e

)
− 1700g2

1Tr
(
YuY

†
u

)
− 4500g2

2Tr
(
YuY

†
u

)
− 16000g2

3Tr
(
YuY

†
u

)
− 360g2

1XiTr
(
YuY

†
u

)
− 1800g2

2XiTr
(
YuY

†
u

)
+ 5400Tr

(
YdY

†
d YdY

†
d

)
− 1200Tr

(
YdY

†
d YuY

†
u

)
+ 1800Tr

(
YeY

†
e YeY

†
e

)
+ 5400Tr

(
YuY

†
uYuY

†
u

))
(31)

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

(
Bρ

W3ρ

)
=ZγZ

(
γρ

Zρ

)
(32)(

W1ρ

W2ρ

)
=ZW

(
W+
ρ

W+
ρ

)
(33)

(34)
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The mixing matrices are parametrized by

ZγZ =

(
cos ΘW − sin ΘW

sin ΘW cos ΘW

)
(35)

ZW =

(
1√
2

1√
2

i 1√
2
−i 1√

2

)
(36)

(37)

4.2 Rotations in Mass sector for eigenstates ’EWSB’

4.2.1 Mass Matrices for Scalars

• Mass matrix for Charged Higgs, Basis:
(
Hup, conj

(
Hdm

))
,
(
conj

(
Hup

)
,Hdm

)

m2
H− =

 1
2

(
Lambda3 + Lambda4

)
v2 +m2

Hu
0

0 Lambda1v2 +m2
Hd

+ ξW+m2(W+) (38)

Gauge fixing contributions:

m2(ξW+) =

(
0 0

0 1
4g

2
2v

2

)
(39)

This matrix is diagonalized by Z+:
Z+m2

H−Z+,† = mdia
2,H− (40)

with

Hup =
∑
j

Z+
j1H

−
j , Hdm =

∑
j

Z+
j2H

+
j (41)

4.2.2 Mass Matrices for Fermions

• Mass matrix for Down-Quarks, Basis:
(
dL
(
{cm1}

))
,
(
conj

(
dR
(
{cn1}

)))
md =

(
1√
2
vYdδα1β1

)
(42)

This matrix is diagonalized by UdL and UdR

Ud,∗L mdU
d,†
R = mdia

d (43)

with

dL
(
{gt1, ct1}

)
=
∑
t2

Ud,∗L,jiDL
(
{gt2, ct1}

)
(44)

dR
(
{gt1, ct1}

)
=
∑
t2

UdR,ijconj
(
DR
(
{gt2, ct1}

))
(45)
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• Mass matrix for Up-Quarks, Basis:
(
uL
(
{cm1}

))
,
(
conj

(
uR
(
{cn1}

)))
mu =

(
1√
2
vYuδα1β1

)
(46)

This matrix is diagonalized by UuL and UuR

Uu,∗L muU
u,†
R = mdia

u (47)

with

uL
(
{gt1, ct1}

)
=
∑
t2

Uu,∗L,jiUL
(
{gt2, ct1}

)
(48)

uR
(
{gt1, ct1}

)
=
∑
t2

UuR,ijconj
(
UR
(
{gt2, ct1}

))
(49)

• Mass matrix for Leptons, Basis: (eL) ,
(
conj

(
eR
))

me =
(

1√
2
vYe

)
(50)

This matrix is diagonalized by UeL and UeR

Ue,∗L meU
e,†
R = mdia

e (51)

with

eL
(
{gt1}

)
=
∑
t2

Ue,∗L,jiEL
(
{gt2}

)
(52)

eR
(
{gt1}

)
=
∑
t2

UeR,ijconj
(
ER
(
{gt2}

))
(53)

5 Vacuum Expectation Values

Hd0 =
1√
2
h+

1√
2
v + i

1√
2
A0 (54)

Hu0 =
1√
2
H + i

1√
2
A0 (55)

6 Tadpole Equations

∂V

∂h
= v
(
Lambda1v2 +m2

Hd

)
(56)

∂V

∂H
= 0 (57)

7 Particle content for eigenstates ’EWSB’
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Name Type complex/real Generations Indices

A0 Scalar real 1
h Scalar real 1
A0 Scalar real 1
H Scalar real 1
H− Scalar complex 2 generation, 2

ν Fermion Dirac 3 generation, 3
d Fermion Dirac 3 generation, 3, color, 3
u Fermion Dirac 3 generation, 3, color, 3
e Fermion Dirac 3 generation, 3

g Vector real 1 color, 8, lorentz, 4
γ Vector real 1 lorentz, 4
Z Vector real 1 lorentz, 4
W+ Vector complex 1 lorentz, 4
ηG Ghost real 1 color, 8
ηγ Ghost real 1
ηZ Ghost real 1
η+ Ghost complex 1
η− Ghost complex 1

8 One Loop Self-Energy and One Loop Tadpoles for eigenstates ’EWSB’

8.1 One Loop Self-Energy
• Self-Energy for Charged Higgs (H−)

Πi,j(p
2) = +4

(
− 1

2
rMS +B0

(
p2, 0,m2

W+

))
Γ∗
Ȟ+
j ,W

+,γ
ΓȞ+

i ,W
+,γ + 4

(
− 1

2
rMS +B0

(
p2,m2

W+ ,m2
Z

))
Γ∗
Ȟ+
j ,Z,W

+ΓȞ+
i ,Z,W

+

−B0

(
p2,m2

ηZ ,m
2
η−

)
ΓȞ+

i ,η̄
−,ηZΓȞ−

j ,η
−,η̄Z −B0

(
p2,m2

η+ ,m
2
ηZ

)
ΓȞ+

i ,η̄
Z ,η+ΓȞ−

j ,η
Z ,η̄+

− 1

2
A0

(
m2
A0

)
ΓȞ−

i ,Ȟ
+
j ,A

0,A0 −
1

2
A0

(
m2
A0

)
ΓȞ−

i ,Ȟ
+
j ,A

0,A0 −
1

2
A0

(
m2
H

)
ΓȞ−

i ,Ȟ
+
j ,H,H

− 1

2
A0

(
m2
h

)
ΓȞ−

i ,Ȟ
+
j ,h,h

+ Γ∗
Ȟ+
j ,W

+,A0ΓȞ+
i ,W

+,A0F0

(
p2,m2

A0 ,m2
W+

)
+ Γ∗

Ȟ+
j ,W

+,A0ΓȞ+
i ,W

+,A0F0

(
p2,m2

A0 ,m2
W+

)
+ Γ∗

Ȟ+
j ,W

+,H
ΓȞ+

i ,W
+,HF0

(
p2,m2

H ,m
2
W+

)
12



+ Γ∗
Ȟ+
j ,W

+,h
ΓȞ+

i ,W
+,hF0

(
p2,m2

h,m
2
W+

)
+ 4ΓȞ−

i ,Ȟ
+
j ,W

−,W+

(
− 1

2
rMSm2

W+ +A0

(
m2
W+

))
+ 2ΓȞ−

i ,Ȟ
+
j ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
+

2∑
a=1

B0

(
p2,m2

H−
a
,m2

A0

)
Γ∗
Ȟ+
j ,H

−
a ,A0ΓȞ+

i ,H
−
a ,A0

+

2∑
a=1

B0

(
p2,m2

H−
a
,m2

H

)
Γ∗
Ȟ+
j ,H

−
a ,H

ΓȞ+
i ,H

−
a ,H

+

2∑
a=1

B0

(
p2,m2

H−
a
,m2

h

)
Γ∗
Ȟ+
j ,H

−
a ,h

ΓȞ+
i ,H

−
a ,h

−
2∑
a=1

A0

(
m2
H−
a

)
ΓȞ−

i ,Ȟ
+
j ,H

+
a ,H

−
a

− 6

3∑
a=1

mda

3∑
b=1

B0

(
p2,m2

da ,m
2
ub

)
mub

(
ΓL∗
Ȟ+
j ,d̄a,ub

ΓR
Ȟ+
i ,d̄a,ub

+ ΓR∗
Ȟ+
j ,d̄a,ub

ΓL
Ȟ+
i ,d̄a,ub

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

da ,m
2
ub

)(
ΓL∗
Ȟ+
j ,d̄a,ub

ΓL
Ȟ+
i ,d̄a,ub

+ ΓR∗
Ȟ+
j ,d̄a,ub

ΓR
Ȟ+
i ,d̄a,ub

)
− 2

3∑
a=1

mea

3∑
b=1

B0

(
p2,m2

ea ,m
2
νb

)
mνb

(
ΓL∗
Ȟ+
j ,ēa,νb

ΓR
Ȟ+
i ,ēa,νb

+ ΓR∗
Ȟ+
j ,ēa,νb

ΓL
Ȟ+
i ,ēa,νb

)
+

3∑
a=1

3∑
b=1

G0

(
p2,m2

ea ,m
2
νb

)(
ΓL∗
Ȟ+
j ,ēa,νb

ΓL
Ȟ+
i ,ēa,νb

+ ΓR∗
Ȟ+
j ,ēa,νb

ΓR
Ȟ+
i ,ēa,νb

)
+

2∑
b=1

Γ∗
Ȟ+
j ,γ,H

−
b

ΓȞ+
i ,γ,H

−
b
F0

(
p2,m2

H−
b

, 0
)

+

2∑
b=1

Γ∗
Ȟ+
j ,Z,H

−
b

ΓȞ+
i ,Z,H

−
b
F0

(
p2,m2

H−
b

,m2
Z

)
(58)

• Self-Energy for Down-Quarks (d)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

H−
a

)
ΓL∗ˇ̄dj ,H+

a ,ub
mubΓ

R
ˇ̄di,H

+
a ,ub

+

3∑
b=1

B0

(
p2,m2

db
,m2

A0

)
ΓL∗ˇ̄dj ,A0,db

mdbΓ
R
ˇ̄di,A0,db

+

3∑
b=1

B0

(
p2,m2

db
,m2

h

)
ΓL∗ˇ̄dj ,h,db

mdbΓ
R
ˇ̄di,h,db

− 16

3

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

db
, 0
))

ΓR∗ˇ̄dj ,g,db
mdbΓ

L
ˇ̄di,g,db

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

db
, 0
))

ΓR∗ˇ̄dj ,γ,db
mdbΓ

L
ˇ̄di,γ,db

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

db
,m2

Z

))
ΓR∗ˇ̄dj ,Z,db

mdbΓ
L
ˇ̄di,Z,db

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

ub
,m2

W+

))
ΓR∗ˇ̄dj ,W−,ub

mubΓ
L
ˇ̄di,W−,ub

(59)

ΣRi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

H−
a

)
ΓR∗ˇ̄dj ,H+

a ,ub
ΓRˇ̄di,H+

a ,ub

13



− 1

2

3∑
b=1

B1

(
p2,m2

db
,m2

A0

)
ΓR∗ˇ̄dj ,A0,db

ΓRˇ̄di,A0,db
− 1

2

3∑
b=1

B1

(
p2,m2

db
,m2

h

)
ΓR∗ˇ̄dj ,h,db

ΓRˇ̄di,h,db

− 4

3

3∑
b=1

B1

(
p2,m2

db
, 0
)

ΓL∗ˇ̄dj ,g,db
ΓLˇ̄di,g,db

−
3∑
b=1

B1

(
p2,m2

db
, 0
)

ΓL∗ˇ̄dj ,γ,db
ΓLˇ̄di,γ,db

−
3∑
b=1

B1

(
p2,m2

db
,m2

Z

)
ΓL∗ˇ̄dj ,Z,db

ΓLˇ̄di,Z,db
−

3∑
b=1

B1

(
p2,m2

ub
,m2

W+

)
ΓL∗ˇ̄dj ,W−,ub

ΓLˇ̄di,W−,ub
(60)

ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

H−
a

)
ΓL∗ˇ̄dj ,H+

a ,ub
ΓLˇ̄di,H+

a ,ub

− 1

2

3∑
b=1

B1

(
p2,m2

db
,m2

A0

)
ΓL∗ˇ̄dj ,A0,db

ΓLˇ̄di,A0,db
− 1

2

3∑
b=1

B1

(
p2,m2

db
,m2

h

)
ΓL∗ˇ̄dj ,h,db

ΓLˇ̄di,h,db

− 4

3

3∑
b=1

B1

(
p2,m2

db
, 0
)

ΓR∗ˇ̄dj ,g,db
ΓRˇ̄di,g,db

−
3∑
b=1

B1

(
p2,m2

db
, 0
)

ΓR∗ˇ̄dj ,γ,db
ΓRˇ̄di,γ,db

−
3∑
b=1

B1

(
p2,m2

db
,m2

Z

)
ΓR∗ˇ̄dj ,Z,db

ΓRˇ̄di,Z,db
−

3∑
b=1

B1

(
p2,m2

ub
,m2

W+

)
ΓR∗ˇ̄dj ,W−,ub

ΓRˇ̄di,W−,ub
(61)

• Self-Energy for Up-Quarks (u)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

H−
a

)
ΓL∗ˇ̄uj ,H

−
a ,db

mdbΓ
R
ˇ̄ui,H

−
a ,db

+

3∑
b=1

B0

(
p2,m2

ub
,m2

A0

)
ΓL∗ˇ̄uj ,A0,ub

mubΓ
R
ˇ̄ui,A0,ub

+

3∑
b=1

B0

(
p2,m2

ub
,m2

h

)
ΓL∗ˇ̄uj ,h,ub

mubΓ
R
ˇ̄ui,h,ub

− 16

3

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

ub
, 0
))

ΓR∗ˇ̄uj ,g,ub
mubΓ

L
ˇ̄ui,g,ub

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

ub
, 0
))

ΓR∗ˇ̄uj ,γ,ub
mubΓ

L
ˇ̄ui,γ,ub

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

db
,m2

W+

))
ΓR∗ˇ̄uj ,W+,db

mdbΓ
L
ˇ̄ui,W+,db

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

ub
,m2

Z

))
ΓR∗ˇ̄uj ,Z,ub

mubΓ
L
ˇ̄ui,Z,ub

(62)

ΣRi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

H−
a

)
ΓR∗ˇ̄uj ,H

−
a ,db

ΓRˇ̄ui,H−
a ,db

− 1

2

3∑
b=1

B1

(
p2,m2

ub
,m2

A0

)
ΓR∗ˇ̄uj ,A0,ub

ΓRˇ̄ui,A0,ub
− 1

2

3∑
b=1

B1

(
p2,m2

ub
,m2

h

)
ΓR∗ˇ̄uj ,h,ub

ΓRˇ̄ui,h,ub

14



− 4

3

3∑
b=1

B1

(
p2,m2

ub
, 0
)

ΓL∗ˇ̄uj ,g,ub
ΓLˇ̄ui,g,ub −

3∑
b=1

B1

(
p2,m2

ub
, 0
)

ΓL∗ˇ̄uj ,γ,ub
ΓLˇ̄ui,γ,ub

−
3∑
b=1

B1

(
p2,m2

db
,m2

W+

)
ΓL∗ˇ̄uj ,W+,db

ΓLˇ̄ui,W+,db
−

3∑
b=1

B1

(
p2,m2

ub
,m2

Z

)
ΓL∗ˇ̄uj ,Z,ub

ΓLˇ̄ui,Z,ub (63)

ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

H−
a

)
ΓL∗ˇ̄uj ,H

−
a ,db

ΓLˇ̄ui,H−
a ,db

− 1

2

3∑
b=1

B1

(
p2,m2

ub
,m2

A0

)
ΓL∗ˇ̄uj ,A0,ub

ΓLˇ̄ui,A0,ub
− 1

2

3∑
b=1

B1

(
p2,m2

ub
,m2

h

)
ΓL∗ˇ̄uj ,h,ub

ΓLˇ̄ui,h,ub

− 4

3

3∑
b=1

B1

(
p2,m2

ub
, 0
)

ΓR∗ˇ̄uj ,g,ub
ΓRˇ̄ui,g,ub −

3∑
b=1

B1

(
p2,m2

ub
, 0
)

ΓR∗ˇ̄uj ,γ,ub
ΓRˇ̄ui,γ,ub

−
3∑
b=1

B1

(
p2,m2

db
,m2

W+

)
ΓR∗ˇ̄uj ,W+,db

ΓRˇ̄ui,W+,db
−

3∑
b=1

B1

(
p2,m2

ub
,m2

Z

)
ΓR∗ˇ̄uj ,Z,ub

ΓRˇ̄ui,Z,ub (64)

• Self-Energy for Leptons (e)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

νb
,m2

H−
a

)
ΓL∗ˇ̄ej ,H

+
a ,νb

mνbΓ
R
ˇ̄ei,H

+
a ,νb

+

3∑
b=1

B0

(
p2,m2

eb
,m2

A0

)
ΓL∗ˇ̄ej ,A0,eb

mebΓ
R
ˇ̄ei,A0,eb

+

3∑
b=1

B0

(
p2,m2

eb
,m2

h

)
ΓL∗ˇ̄ej ,h,eb

mebΓ
R
ˇ̄ei,h,eb

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

eb
, 0
))

ΓR∗ˇ̄ej ,γ,eb
mebΓ

L
ˇ̄ei,γ,eb

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

eb
,m2

Z

))
ΓR∗ˇ̄ej ,Z,eb

mebΓ
L
ˇ̄ei,Z,eb

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

νb
,m2

W+

))
ΓR∗ˇ̄ej ,W−,νb

mνbΓ
L
ˇ̄ei,W−,νb

(65)

ΣRi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

H−
a

)
ΓR∗ˇ̄ej ,H

+
a ,νb

ΓRˇ̄ei,H+
a ,νb

− 1

2

3∑
b=1

B1

(
p2,m2

eb
,m2

A0

)
ΓR∗ˇ̄ej ,A0,eb

ΓRˇ̄ei,A0,eb
− 1

2

3∑
b=1

B1

(
p2,m2

eb
,m2

h

)
ΓR∗ˇ̄ej ,h,eb

ΓRˇ̄ei,h,eb

−
3∑
b=1

B1

(
p2,m2

eb
, 0
)

ΓL∗ˇ̄ej ,γ,eb
ΓLˇ̄ei,γ,eb −

3∑
b=1

B1

(
p2,m2

eb
,m2

Z

)
ΓL∗ˇ̄ej ,Z,eb

ΓLˇ̄ei,Z,eb

−
3∑
b=1

B1

(
p2,m2

νb
,m2

W+

)
ΓL∗ˇ̄ej ,W−,νb

ΓLˇ̄ei,W−,νb
(66)
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ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

H−
a

)
ΓL∗ˇ̄ej ,H

+
a ,νb

ΓLˇ̄ei,H+
a ,νb

− 1

2

3∑
b=1

B1

(
p2,m2

eb
,m2

A0

)
ΓL∗ˇ̄ej ,A0,eb

ΓLˇ̄ei,A0,eb
− 1

2

3∑
b=1

B1

(
p2,m2

eb
,m2

h

)
ΓL∗ˇ̄ej ,h,eb

ΓLˇ̄ei,h,eb

−
3∑
b=1

B1

(
p2,m2

eb
, 0
)

ΓR∗ˇ̄ej ,γ,eb
ΓRˇ̄ei,γ,eb −

3∑
b=1

B1

(
p2,m2

eb
,m2

Z

)
ΓR∗ˇ̄ej ,Z,eb

ΓRˇ̄ei,Z,eb

−
3∑
b=1

B1

(
p2,m2

νb
,m2

W+

)
ΓR∗ˇ̄ej ,W−,νb

ΓRˇ̄ei,W−,νb
(67)

• Self-Energy for Pseudo-Scalar Higgs (A0)

Π(p2) = +
1

2
|ΓA0,A0,A0 |2B0

(
p2,m2

A0 ,m2
A0

)
+ |ΓA0,H,A0 |2B0

(
p2,m2

H ,m
2
A0

)
+

1

2
|ΓA0,H,H |2B0

(
p2,m2

H ,m
2
H

)
+ |ΓA0,h,A0 |2B0

(
p2,m2

h,m
2
A0

)
−B0

(
p2,m2

η+ ,m
2
η+

)
Γ2
A0,η̄+,η+

−B0

(
p2,m2

η− ,m
2
η−

)
Γ2
A0,η̄−,η−

− 1

2
A0

(
m2
A0

)
ΓA0,A0,A0,A0 − 1

2
A0

(
m2
A0

)
ΓA0,A0,A0,A0 − 1

2
A0

(
m2
H

)
ΓA0,A0,H,H −

1

2
A0

(
m2
h

)
ΓA0,A0,h,h

+ |ΓA0,Z,h|2F0

(
p2,m2

h,m
2
Z

)
+ 4ΓA0,A0,W−,W+

(
− 1

2
rMSm2

W+ +A0

(
m2
W+

))
+ 2ΓA0,A0,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
−

2∑
a=1

A0

(
m2
H−
a

)
ΓA0,A0,H+

a ,H
−
a

+ 3

3∑
a=1

3∑
b=1

(
|ΓLA0,d̄a,db

|2 + |ΓRA0,d̄a,db
|2
)
G0

(
p2,m2

da ,m
2
db

)
+

3∑
a=1

3∑
b=1

(
|ΓLA0,ēa,eb

|2 + |ΓRA0,ēa,eb
|2
)
G0

(
p2,m2

ea ,m
2
eb

)
+ 3

3∑
a=1

3∑
b=1

(
|ΓLA0,ūa,ub

|2 + |ΓRA0,ūa,ub
|2
)
G0

(
p2,m2

ua ,m
2
ub

)
− 6

3∑
a=1

mda

3∑
b=1

B0

(
p2,m2

da ,m
2
db

)
mdb

(
ΓL∗A0,d̄a,db

ΓRA0,d̄a,db
+ ΓR∗A0,d̄a,db

ΓLA0,d̄a,db

)
− 2

3∑
a=1

mea

3∑
b=1

B0

(
p2,m2

ea ,m
2
eb

)
meb

(
ΓL∗A0,ēa,eb

ΓRA0,ēa,eb
+ ΓR∗A0,ēa,eb

ΓLA0,ēa,eb

)
− 6

3∑
a=1

mua

3∑
b=1

B0

(
p2,m2

ua ,m
2
ub

)
mub

(
ΓL∗A0,ūa,ub

ΓRA0,ūa,ub
+ ΓR∗A0,ūa,ub

ΓLA0,ūa,ub

)
+ 2

2∑
b=1

|ΓA0,W−,H−
b
|2F0

(
p2,m2

H−
b

,m2
W+

)
(68)

• Self-Energy for Higgs (h)
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Π(p2) = +
1

2
|Γh,A0,A0 |2B0

(
p2,m2

A0 ,m2
A0

)
+

1

2
|Γh,A0,A0 |2B0

(
p2,m2

A0 ,m2
A0

)
+ |Γh,H,A0 |2B0

(
p2,m2

H ,m
2
A0

)
+

1

2
|Γh,H,H |2B0

(
p2,m2

H ,m
2
H

)
+

1

2
|Γh,h,h|2B0

(
p2,m2

h,m
2
h

)
+ 4|Γh,W−,W+ |2

(
− 1

2
rMS +B0

(
p2,m2

W+ ,m2
W+

))
+ 2|Γh,Z,Z |2

(
− 1

2
rMS +B0

(
p2,m2

Z ,m
2
Z

))
−B0

(
p2,m2

η+ ,m
2
η+

)
Γ2
h,η̄+,η+

−B0

(
p2,m2

η− ,m
2
η−

)
Γ2
h,η̄−,η−

−B0

(
p2,m2

ηZ ,m
2
ηZ

)
Γ2
h,η̄Z ,ηZ

− 1

2
A0

(
m2
A0

)
Γh,h,A0,A0 − 1

2
A0

(
m2
A0

)
Γh,h,A0,A0

− 1

2
A0

(
m2
H

)
Γh,h,H,H −

1

2
A0

(
m2
h

)
Γh,h,h,h + |Γh,Z,A0 |2F0

(
p2,m2

A0 ,m2
Z

)
+ 4Γh,h,W−,W+

(
− 1

2
rMSm2

W+ +A0

(
m2
W+

))
+ 2Γh,h,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
−

2∑
a=1

A0

(
m2
H−
a

)
Γh,h,H+

a ,H
−
a

+

2∑
a=1

2∑
b=1

|Γh,H+
a ,H

−
b
|2B0

(
p2,m2

H−
a
,m2

H−
b

)
+ 3

3∑
a=1

3∑
b=1

(
|ΓLh,d̄a,db |

2 + |ΓRh,d̄a,db |
2
)
G0

(
p2,m2

da ,m
2
db

)
+

3∑
a=1

3∑
b=1

(
|ΓLh,ēa,eb |

2 + |ΓRh,ēa,eb |
2
)
G0

(
p2,m2

ea ,m
2
eb

)
+ 3

3∑
a=1

3∑
b=1

(
|ΓLh,ūa,ub |

2 + |ΓRh,ūa,ub |
2
)
G0

(
p2,m2

ua ,m
2
ub

)
− 6

3∑
a=1

mda

3∑
b=1

B0

(
p2,m2

da ,m
2
db

)
mdb

(
ΓL∗h,d̄a,dbΓ

R
h,d̄a,db

+ ΓR∗h,d̄a,dbΓ
L
h,d̄a,db

)
− 2

3∑
a=1

mea

3∑
b=1

B0

(
p2,m2

ea ,m
2
eb

)
meb

(
ΓL∗h,ēa,ebΓ

R
h,ēa,eb

+ ΓR∗h,ēa,ebΓ
L
h,ēa,eb

)
− 6

3∑
a=1

mua

3∑
b=1

B0

(
p2,m2

ua ,m
2
ub

)
mub

(
ΓL∗h,ūa,ubΓ

R
h,ūa,ub

+ ΓR∗h,ūa,ubΓ
L
h,ūa,ub

)
+ 2

2∑
b=1

|Γh,W−,H−
b
|2F0

(
p2,m2

H−
b

,m2
W+

)
(69)

• Self-Energy for A0 (A0)

Π(p2) = +|ΓA0,A0,A0 |2B0

(
p2,m2

A0 ,m2
A0

)
+ |ΓA0,H,A0 |2B0

(
p2,m2

H ,m
2
A0

)
+ |ΓA0,h,A0 |2B0

(
p2,m2

h,m
2
A0

)
+ |ΓA0,h,H |2B0

(
p2,m2

h,m
2
H

)
− 1

2
A0

(
m2
A0

)
ΓA0,A0,A0,A0 − 1

2
A0

(
m2
A0

)
ΓA0,A0,A0,A0 − 1

2
A0

(
m2
H

)
ΓA0,A0,H,H

− 1

2
A0

(
m2
h

)
ΓA0,A0,h,h + |ΓA0,Z,H |2F0

(
p2,m2

H ,m
2
Z

)
+ 4ΓA0,A0,W−,W+

(
− 1

2
rMSm2

W+ +A0

(
m2
W+

))
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+ 2ΓA0,A0,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
−

2∑
a=1

A0

(
m2
H−
a

)
ΓA0,A0,H+

a ,H
−
a

+

2∑
a=1

2∑
b=1

|ΓA0,H+
a ,H

−
b
|2B0

(
p2,m2

H−
a
,m2

H−
b

)
+ 2

2∑
b=1

|ΓA0,W−,H−
b
|2F0

(
p2,m2

H−
b

,m2
W+

)
(70)

• Self-Energy for H0 (H)

Π(p2) = +|ΓH,A0,A0 |2B0

(
p2,m2

A0 ,m2
A0

)
+ |ΓH,H,A0 |2B0

(
p2,m2

H ,m
2
A0

)
+ |ΓH,h,A0 |2B0

(
p2,m2

h,m
2
A0

)
+ |ΓH,h,H |2B0

(
p2,m2

h,m
2
H

)
− 1

2
A0

(
m2
A0

)
ΓH,H,A0,A0 − 1

2
A0

(
m2
A0

)
ΓH,H,A0,A0 − 1

2
A0

(
m2
H

)
ΓH,H,H,H

− 1

2
A0

(
m2
h

)
ΓH,H,h,h + |ΓH,Z,A0 |2F0

(
p2,m2

A0 ,m2
Z

)
+ 4ΓH,H,W−,W+

(
− 1

2
rMSm2

W+ +A0

(
m2
W+

))
+ 2ΓH,H,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
−

2∑
a=1

A0

(
m2
H−
a

)
ΓH,H,H+

a ,H
−
a

+

2∑
a=1

2∑
b=1

|ΓH,H+
a ,H

−
b
|2B0

(
p2,m2

H−
a
,m2

H−
b

)
+ 2

2∑
b=1

|ΓH,W−,H−
b
|2F0

(
p2,m2

H−
b

,m2
W+

)
(71)

• Self-Energy for Z-Boson (Z)

Π(p2) = +|ΓZ,Z,h|2B0

(
p2,m2

Z ,m
2
h

)
− 4|ΓZ,H,A0 |2B00

(
p2,m2

A0 ,m2
H

)
− 4|ΓZ,h,A0 |2B00

(
p2,m2

A0 ,m2
h

)
+ |ΓZ,η̄+,η+ |

2B00

(
p2,m2

η+ ,m
2
η+

)
+ |ΓZ,η̄−,η− |

2B00

(
p2,m2

η− ,m
2
η−

)
+

1

2
A0

(
m2
A0

)
ΓZ,Z,A0,A0

+
1

2
A0

(
m2
A0

)
ΓZ,Z,A0,A0 +

1

2
A0

(
m2
H

)
ΓZ,Z,H,H +

1

2
A0

(
m2
h

)
ΓZ,Z,h,h

− |ΓZ,W−,W+ |2
(

10B00

(
p2,m2

W+ ,m2
W+

)
+ 2A0

(
m2
W+

)
− 2rMS

(
2m2

W+ −
1

3
p2
)

+B0

(
p2,m2

W+ ,m2
W+

)(
2m2

W+ + 4p2
))

+

2∑
a=1

A0

(
m2
H−
a

)
ΓZ,Z,H+

a ,H
−
a
− 4

2∑
a=1

2∑
b=1

|ΓZ,H+
a ,H

−
b
|2B00

(
p2,m2

H−
a
,m2

H−
b

)
+ 3

3∑
a=1

3∑
b=1

[(
|ΓLZ,d̄a,db |

2 + |ΓRZ,d̄a,db |
2
)
H0

(
p2,m2

da ,m
2
db

)
+ 4B0

(
p2,m2

da ,m
2
db

)
mdamdb<

(
ΓL∗Z,d̄a,dbΓ

R
Z,d̄a,db

)]
+

3∑
a=1

3∑
b=1

[(
|ΓLZ,ēa,eb |

2 + |ΓRZ,ēa,eb |
2
)
H0

(
p2,m2

ea ,m
2
eb

)
+ 4B0

(
p2,m2

ea ,m
2
eb

)
meameb<

(
ΓL∗Z,ēa,ebΓ

R
Z,ēa,eb

)]
+ 3

3∑
a=1

3∑
b=1

[(
|ΓLZ,ūa,ub |

2 + |ΓRZ,ūa,ub |
2
)
H0

(
p2,m2

ua ,m
2
ub

)
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+ 4B0

(
p2,m2

ua ,m
2
ub

)
muamub<

(
ΓL∗Z,ūa,ubΓ

R
Z,ūa,ub

)]
+

3∑
a=1

3∑
b=1

[(
|ΓLZ,ν̄a,νb |

2 + |ΓRZ,ν̄a,νb |
2
)
H0

(
p2,m2

νa ,m
2
νb

)
+ 4B0

(
p2,m2

νa ,m
2
νb

)
mνamνb<

(
ΓL∗Z,ν̄a,νbΓ

R
Z,ν̄a,νb

)]
+ 2

2∑
b=1

|ΓZ,W−,H−
b
|2B0

(
p2,m2

W+ ,m2
H−
b

)
+ 2rMSm2

W+Γ1
Z,Z,W−,W+ −A0

(
m2
W+

)(
4Γ1

Z,Z,W−,W+ + Γ2
Z,Z,W−,W+ + Γ3

Z,Z,W−,W+

)
(72)

• Self-Energy for W+ - Boson (W+)

Π(p2) = 2rMSm2
W+Γ1

W+,W−,W−,W+ + 3

3∑
a=1

3∑
b=1

[(
|ΓLW−,d̄a,ub

|2 + |ΓRW−,d̄a,ub
|2
)
H0

(
p2,m2

da ,m
2
ub

)
+ 4B0

(
p2,m2

da ,m
2
ub

)
mdamub<

(
ΓL∗W−,d̄a,ub

ΓRW−,d̄a,ub

)]
+ 2− 4

2∑
a=1

|ΓW−,H−
a ,A0 |2B00

(
p2,m2

A0 ,m2
H−
a

)
− 4

2∑
a=1

|ΓW−,H−
a ,h
|2B00

(
p2,m2

h,m
2
H−
a

)
− 4

2∑
a=1

|ΓW−,H−
a ,H
|2B00

(
p2,m2

H ,m
2
H−
a

)
−A0

(
m2
W+

)(
4Γ1

W+,W−,W−,W+ + Γ2
W+,W−,W−,W+ + Γ3

W+,W−,W−,W+

)
+

1

2

(
2rMSm2

ZΓ1
W+,W−,Z,Z −A0

(
m2
Z

)(
4Γ1

W+,W−,Z,Z + Γ2
W+,W−,Z,Z + Γ3

W+,W−,Z,Z

))
− 1

2
A0

(
0
)(

4Γ1
W+,W−,γ,γ + Γ2

W+,W−,γ,γ + Γ3
W+,W−,γ,γ

)
+ 2

1

2
A0

(
m2
A0

)
ΓW+,W−,A0,A0 +

1

2
A0

(
m2
h

)
ΓW+,W−,h,h +

1

2
A0

(
m2
H

)
ΓW+,W−,H,H + |ΓW−,η̄−,ηγ |

2B00

(
p2,m2

ηγ ,m
2
η−

)
+ |ΓW−,η̄−,ηZ |

2B00

(
p2,m2

ηZ ,m
2
η−

)
+ |ΓW−,η̄γ ,η+ |2B00

(
p2,m2

η+ ,m
2
ηγ

)
+ |ΓW−,η̄Z ,η+ |

2B00

(
p2,m2

η+ ,m
2
ηZ

)
− |ΓW−,W+,γ |2

(
10B00

(
p2,m2

W+ , 0
)
− 2rMS

(
− 1

3
p2 +m2

W+

)
+B0

(
p2,m2

W+ , 0
)(

4p2 +m2
W+

)
+A0

(
0
)

+A0

(
m2
W+

))
+ |ΓW−,W+,h|2B0

(
p2,m2

W+ ,m2
h

)
− |ΓW−,Z,W+ |2

(
10B00

(
p2,m2

Z ,m
2
W+

)
− 2rMS

(
− 1

3
p2 +m2

W+ +m2
Z

)
+B0

(
p2,m2

Z ,m
2
W+

)(
4p2 +m2

W+ +m2
Z

)
+A0

(
m2
W+

)
+A0

(
m2
Z

))
+

2∑
a=1

A0

(
m2
H−
a

)
ΓW+,W−,H+

a ,H
−
a

+

3∑
a=1

3∑
b=1

[(
|ΓLW−,ēa,νb

|2 + |ΓRW−,ēa,νb
|2
)
H0

(
p2,m2

ea ,m
2
νb

)
+ 4B0

(
p2,m2

ea ,m
2
νb

)
meamνb<

(
ΓL∗W−,ēa,νb

ΓRW−,ēa,νb

)]
+

2∑
b=1

|ΓW−,γ,H−
b
|2B0

(
p2, 0,m2

H−
b

)
+

2∑
b=1

|ΓW−,Z,H−
b
|2B0

(
p2,m2

Z ,m
2
H−
b

)
(73)

8.2 Tadpoles

δt
(1)
h = − 1

2
A0

(
m2
A0

)
Γh,A0,A0 − 1

2
A0

(
m2
A0

)
Γh,A0,A0 − 1

2
A0

(
m2
H

)
Γh,H,H −

1

2
A0

(
m2
h

)
Γh,h,h

+A0

(
m2
η+

)
Γh,η̄+,η+ +A0

(
m2
η−

)
Γh,η̄−,η− +A0

(
m2
ηZ

)
Γh,η̄Z ,ηZ

+ 4Γh,W−,W+

(
− 1

2
rMSm2

W+ +A0

(
m2
W+

))
+ 2Γh,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
−

2∑
a=1

A0

(
m2
H−
a

)
Γh,H+

a ,H
−
a

+ 6

3∑
a=1

A0

(
m2
da

)
mda

(
ΓLh,d̄a,da + ΓRh,d̄a,da

)
+ 2

3∑
a=1

A0

(
m2
ea

)
mea

(
ΓLh,ēa,ea + ΓRh,ēa,ea

)
+ 6

3∑
a=1

A0

(
m2
ua

)
mua

(
ΓLh,ūa,ua + ΓRh,ūa,ua

)
(74)

δt
(1)
H = −

2∑
a=1

A0

(
m2
H−
a

)
ΓH,H+

a ,H
−
a

(75)
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9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

A0

A0

A0

1

2
v
(
− Lambda5 + Lambda5∗

)
(76)

A0

A0

h

− i

2
v
(

2Lambda3− Lambda5− Lambda5∗
)

(77)

A0

A0

H

i

2
v
(
Lambda5 + Lambda5∗

)
(78)
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A0

H

h

1

2
v
(
− Lambda5∗ + Lambda5

)
(79)

A0

H−j

H+
k

1

2
v
(
−
(
Lambda4 + Lambda5

)
Z+
j1Z

+
k2 +

(
Lambda4 + Lambda5∗

)
Z+
j2Z

+
k1

)
(80)

A0

A0

h

− 2iLambda1v (81)
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A0

H

H

1

2
v
(
− Lambda5∗ + Lambda5

)
(82)

H

H

h

− i

2
v
(

2Lambda3 + Lambda5 + Lambda5∗
)

(83)

H

H−j

H+
k

− i

2
v
((
− Lambda5 + Lambda4

)
Z+
j1Z

+
k2 +

(
− Lambda5∗ + Lambda4

)
Z+
j2Z

+
k1

)
(84)
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h

h

h

− 6iLambda1v (85)

h

H−j

H+
k

− iv
(

2Lambda1Z+
j2Z

+
k2 +

(
Lambda3 + Lambda4

)
Z+
j1Z

+
k1

)
(86)

9.2 Two Scalar-One Vector Boson-Interaction

A0

H

Zµ

1

2

(
− g1 sin ΘW − g2 cos ΘW

)(
− pHµ + pA

0

µ

)
(87)
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A0

H−j

W−µ

1

2
g2Z

+
j1

(
− pH

−
j

µ + pA
0

µ

)
(88)

A0

H+
j

W+
µ

1

2
g2Z

+
j1

(
− pH

+
j

µ + pA
0

µ

)
(89)

A0

h

Zµ

1

2

(
g1 sin ΘW + g2 cos ΘW

)(
− phµ + pA

0

µ

)
(90)
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A0

H−j

W−µ

1

2
g2Z

+
j2

(
− pH

−
j

µ + pA
0

µ

)
(91)

A0

H+
j

W+
µ

1

2
g2Z

+
j2

(
− pH

+
j

µ + pA
0

µ

)
(92)

H

H−j

W−µ

i

2
g2Z

+
j1

(
− pH

−
j

µ + pHµ

)
(93)
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H

H+
j

W+
µ

− i

2
g2Z

+
j1

(
− pH

+
j

µ + pHµ

)
(94)

h

H−j

W−µ

− i

2
g2Z

+
j2

(
− pH

−
j

µ + phµ

)
(95)

h

H+
j

W+
µ

i

2
g2Z

+
j2

(
− pH

+
j

µ + phµ

)
(96)
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H−i

H+
j

γµ

− i

2

(
g1 cos ΘW + g2 sin ΘW

)(
Z+
i1Z

+
j1 + Z+

i2Z
+
j2

)(
− pH

+
j

µ + p
H−
i

µ

)
(97)

H−i

H+
j

Zµ

− i

2

(
− g1 sin ΘW + g2 cos ΘW

)(
Z+
i1Z

+
j1 + Z+

i2Z
+
j2

)(
− pH

+
j

µ + p
H−
i

µ

)
(98)

9.3 One Scalar-Two Vector Boson-Interaction

h

W−σ

W+
µ

i

2
g2

2v
(
gσµ

)
(99)
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h

Zσ

Zµ

i

2
v
(
g1 sin ΘW + g2 cos ΘW

)2(
gσµ

)
(100)

H−i

W−σ

γµ

− i

2
g1g2v cos ΘWZ

+
i2

(
gσµ

)
(101)

H−i

W−σ

Zµ

i

2
g1g2v sin ΘWZ

+
i2

(
gσµ

)
(102)
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H+
i

γσ

W+
µ

− i

2
g1g2v cos ΘWZ

+
i2

(
gσµ

)
(103)

H+
i

W+
σ

Zµ

i

2
g1g2v sin ΘWZ

+
i2

(
gσµ

)
(104)

9.4 Two Fermion-One Vector Boson-Interaction

d̄iα

djβ

gγµ

− i

2
g3δijλ

γ
α,β

(
γµ ·

1− γ5

2

)
(105)

+ − i
2
g3δijλ

γ
α,β

(
γµ ·

1 + γ5

2

)
(106)
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d̄iα

djβ

γµ

− i

6
δαβδij

(
− 3g2 sin ΘW + g1 cos ΘW

)(
γµ ·

1− γ5

2

)
(107)

+
i

3
g1 cos ΘW δαβδij

(
γµ ·

1 + γ5

2

)
(108)

ūiα

djβ

W+
µ

− i 1√
2
g2δαβ

3∑
a=1

Ud,∗L,jaU
u
L,ia

(
γµ ·

1− γ5

2

)
(109)

d̄iα

djβ

Zµ

i

6
δαβδij

(
3g2 cos ΘW + g1 sin ΘW

)(
γµ ·

1− γ5

2

)
(110)

+ − i
3
g1δαβδij sin ΘW

(
γµ ·

1 + γ5

2

)
(111)
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ēi

ej

γµ

i

2
δij

(
g1 cos ΘW + g2 sin ΘW

)(
γµ ·

1− γ5

2

)
(112)

+ ig1 cos ΘW δij

(
γµ ·

1 + γ5

2

)
(113)

ν̄i

ej

W+
µ

− i 1√
2
g2U

e,∗
L,jiΘi,3

(
γµ ·

1− γ5

2

)
(114)

ēi

ej

Zµ

i

2
δij

(
− g1 sin ΘW + g2 cos ΘW

)(
γµ ·

1− γ5

2

)
(115)

+ −ig1δij sin ΘW

(
γµ ·

1 + γ5

2

)
(116)
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ūiα

ujβ

gγµ

− i

2
g3δijλ

γ
α,β

(
γµ ·

1− γ5

2

)
(117)

+ − i
2
g3δijλ

γ
α,β

(
γµ ·

1 + γ5

2

)
(118)

ūiα

ujβ

γµ

− i

6
δαβδij

(
3g2 sin ΘW + g1 cos ΘW

)(
γµ ·

1− γ5

2

)
(119)

+ −2i

3
g1 cos ΘW δαβδij

(
γµ ·

1 + γ5

2

)
(120)

ūiα

ujβ

Zµ

− i

6
δαβδij

(
3g2 cos ΘW − g1 sin ΘW

)(
γµ ·

1− γ5

2

)
(121)

+
2i

3
g1δαβδij sin ΘW

(
γµ ·

1 + γ5

2

)
(122)
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d̄iα

ujβ

W−µ

− i 1√
2
g2δαβ

3∑
a=1

Uu,∗L,jaU
d
L,ia

(
γµ ·

1− γ5

2

)
(123)

ν̄i

νj

Zµ

− i

2
δij

(
g1 sin ΘW + g2 cos ΘW

)(
γµ ·

1− γ5

2

)
(124)

ēi

νj

W−µ

− i 1√
2
g2Θj,3U

e
L,ij

(
γµ ·

1− γ5

2

)
(125)
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9.5 Two Fermion-One Scalar Boson-Interaction

d̄iα

djβ

A0

1√
2
δαβ

3∑
b=1

Ud,∗R,ib

3∑
a=1

Ud,∗L,jaYd,ab

(1− γ5

2

)
(126)

+ − 1√
2
δαβ

3∑
b=1

3∑
a=1

Y ∗d,abU
d
L,iaU

d
R,jb

(1 + γ5

2

)
(127)

d̄iα

djβ

h

− i 1√
2
δαβ

3∑
b=1

Ud,∗R,ib

3∑
a=1

Ud,∗L,jaYd,ab

(1− γ5

2

)
(128)

+ −i 1√
2
δαβ

3∑
b=1

3∑
a=1

Y ∗d,abU
d
L,iaU

d
R,jb

(1 + γ5

2

)
(129)

ūiα

djβ

H−k
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− iδαβ
3∑
b=1

Uu,∗R,ib

3∑
a=1

Ud,∗L,jaYu,abZ
+
k2

(1− γ5

2

)
(130)

+ iδαβ

3∑
b=1

3∑
a=1

Y ∗d,abU
u
L,iaU

d
R,jbZ

+
k2

(1 + γ5

2

)
(131)

ēi

ej

A0

1√
2

3∑
b=1

Ue,∗R,ib

3∑
a=1

Ue,∗L,jaYe,ab

(1− γ5

2

)
(132)

+ − 1√
2

3∑
b=1

3∑
a=1

Y ∗e,abU
e
L,iaU

e
R,jb

(1 + γ5

2

)
(133)

ēi

ej

h

− i 1√
2

3∑
b=1

Ue,∗R,ib

3∑
a=1

Ue,∗L,jaYe,ab

(1− γ5

2

)
(134)

+ −i 1√
2

3∑
b=1

3∑
a=1

Y ∗e,abU
e
L,iaU

e
R,jb

(1 + γ5

2

)
(135)
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ν̄i

ej

H−k

(136)

+ i

3∑
a=1

Y ∗e,iaU
e
R,jaZ

+
k2

(1 + γ5

2

)
(137)

ūiα

ujβ

A0

− 1√
2
δαβ

3∑
b=1

Uu,∗R,ib

3∑
a=1

Uu,∗L,jaYu,ab

(1− γ5

2

)
(138)

+
1√
2
δαβ

3∑
b=1

3∑
a=1

Y ∗u,abU
u
L,iaU

u
R,jb

(1 + γ5

2

)
(139)

ūiα

ujβ

h
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− i 1√
2
δαβ

3∑
b=1

Uu,∗R,ib

3∑
a=1

Uu,∗L,jaYu,ab

(1− γ5

2

)
(140)

+ −i 1√
2
δαβ

3∑
b=1

3∑
a=1

Y ∗u,abU
u
L,iaU

u
R,jb

(1 + γ5

2

)
(141)

d̄iα

ujβ

H+
k

iδαβ

3∑
b=1

Ud,∗R,ib

3∑
a=1

Uu,∗L,jaYd,abZ
+
k2

(1− γ5

2

)
(142)

+ −iδαβ
3∑
b=1

3∑
a=1

Y ∗u,abU
d
L,iaU

u
R,jbZ

+
k2

(1 + γ5

2

)
(143)

ēi

νj

H+
k

i

3∑
a=1

Ue,∗R,iaYe,jaZ
+
k2

(1− γ5

2

)
(144)
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9.6 Three Vector Boson-Interaction

gαρ

gβσ

gγµ

g3fα,β,γ

(
gρµ

(
− pgγµσ + pgαρσ

)
+ gρσ

(
− pgαρµ + p

gβσ
µ

)
+ gσµ

(
− pgβσρ + pgγµρ

))
(145)

W−ρ

γσ

W+
µ

− ig2 sin ΘW

(
gρµ

(
− pW

+
µ

σ + p
W−
ρ

σ

)
+ gρσ

(
− pW

−
ρ

µ + pγσµ

)
+ gσµ

(
− pγσρ + p

W+
µ

ρ

))
(146)

W−ρ

W+
σ

Zµ

ig2 cos ΘW

(
gρµ

(
− pZµσ + p

W−
ρ

σ

)
+ gρσ

(
− pW

−
ρ

µ + p
W+
σ

µ

)
+ gσµ

(
− pW

+
σ
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9.7 Four Scalar-Interaction
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9.8 Two Scalar-Two Vector Boson-Interaction
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9.9 Four Vector Boson-Interaction
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9.10 Two Ghosts-One Vector Boson-Interaction
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9.11 Two Ghosts-One Scalar-Interaction
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10 Clebsch-Gordan Coefficients
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