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1 Superfields

1.1 Vector Superfields

SF Spin 1
2 Spin 1 SU(N) Coupling Name

B̂ λB̃ B U(1) g1 hypercharge
Ŵ λW̃ W SU(2) g2 left
ĝ λg̃ g SU(3) g3 color

1.2 Chiral Superfields

SF Spin 0 Spin 1
2 Generations (U(1)⊗ SU(2)⊗ SU(3))

q̂ q̃ q 3 ( 1
6 ,2,3)

l̂ l̃ l 3 (− 1
2 ,2,1)

Ĥd Hd H̃d 1 (− 1
2 ,2,1)

Ĥu Hu H̃u 1 ( 1
2 ,2,1)

d̂ d̃∗R d∗R 3 ( 1
3 ,1,3)

û ũ∗R u∗R 3 (− 2
3 ,1,3)

ê ẽ∗R e∗R 3 (1,1,1)

ν̂ ν̃R νR 3 (0,1,1)

2 Superpotential and Lagrangian

2.1 Superpotential

W =µ Ĥu Ĥd +
1

2
Mv ν̂ ν̂ − Yd d̂ q̂ Ĥd − Ye ê l̂ Ĥd + Yu û q̂ Ĥu + Yν ν̂ l̂ Ĥu +

1

2
κν l̂ Ĥu l̂ Ĥu (1)

2.2 Softbreaking terms

−LSB,W = −H0
dH

0
uBµ +H−d H

+
u Bµ +

1

2
ν̃R,iν̃R,jBv,ij

+
1

2

(
H0,2
u ν̃L,iν̃L,kQν,ik −H0

uH
+
u ẽL,iν̃L,kQν,ik −H0

uH
+
u ẽL,kν̃L,iQν,ik +H+,2

u ẽL,iẽL,kQν,ik

)
+H0

d d̃
∗
R,iαδαβ d̃L,jβTd,ij −H−d d̃

∗
R,iαδαβ ũL,jβTd,ij +H0

d ẽ
∗
R,iẽL,jTe,ij −H−d ẽ

∗
R,iν̃L,jTe,ij

−H+
u ũ
∗
R,iαδαβ d̃L,jβTu,ij +H0

uũ
∗
R,iαδαβ ũL,jβTu,ij −H+

u ẽL,j ν̃R,iTν,ij +H0
uν̃L,j ν̃R,iTν,ij + h.c. (2)

−LSB,φ = +m2
Hd
|H0

d |2 +m2
Hd
|H−d |

2 +m2
Hu |H

0
u|2 +m2

Hu |H
+
u |2 + d̃∗L,iαδαβm

2
q,ij d̃L,jβ

+ d̃∗R,iαδαβm
2
d,ij d̃R,jβ + ẽ∗L,im

2
l,ij ẽL,j + ẽ∗R,im

2
e,ij ẽR,j + ũ∗L,iαδαβm

2
q,ij ũL,jβ

+ ũ∗R,iαδαβm
2
u,ij ũR,jβ + ν̃∗L,im

2
l,ij ν̃L,j + ν̃∗R,im

2
ν,ij ν̃R,j (3)
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−LSB,λ =
1

2

(
λ2
B̃
M1δij +M2δijλW̃ ,iλW̃ ,j +M3δijλg̃,αλg̃,β + h.c.

)
(4)

2.3 Gauge fixing terms
2.3.1 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 (5)

2.3.2 Gauge fixing terms for eigenstates ’EWSB’

LGF = − 1

2
|∂µg|2ξ−1

g −
1

2
|∂µγ|2ξ−1

γ − | −
i

2
g2

(
H−d vd − vuH

+,∗
u

)
ξW− + ∂µW

−|2ξ−1
W−

− 1

2
|1
2

(
2∂µZ +

(
σdvd − σuvu

)
ξZ

(
g1 sin ΘW + g2 cos ΘW

))
|2ξ−1

Z (6)

2.4 Fields integrated out
1. ν̂

3 Renormalization Group Equations

3.1 Anomalous Dimensions

γ
(1)
q̂ = − 1

30

(
45g2

2 + 80g2
3 + g2

1

)
1 + Y †d Yd + Y †uYu (7)

γ
(2)
q̂ = +

(
8g2

2g
2
3 +

15

4
g4

2 +
1

90
g2

1

(
16g2

3 + 9g2
2

)
+

199

900
g4

1 −
8

9
g4

3

)
1 +

4

5
g2

1Y
†
uYu − 2Y †d YdY

†
d Yd

− 2Y †uYuY
†
uYu + Y †d Yd

(
− 3Tr

(
YdY

†
d

)
+

2

5
g2

1 − Tr
(
YeY

†
e

))
− 3Y †uYuTr

(
YuY

†
u

)
− Y †uYuTr

(
YνY

†
ν

)
(8)

γ
(1)

l̂
= − 3

10

(
5g2

2 + g2
1

)
1 + Y †e Ye + Y †ν Yν (9)

γ
(2)

l̂
= +

3

100

(
125g4

2 + 30g2
1g

2
2 + 69g4

1

)
1− 2Y †e YeY

†
e Ye − 2Y †ν YνY

†
ν Yν

+ Y †e Ye

(
− 3Tr

(
YdY

†
d

)
+

6

5
g2

1 − Tr
(
YeY

†
e

))
− 3Y †ν YνTr

(
YuY

†
u

)
− Y †ν YνTr

(
YνY

†
ν

)
(10)

γ
(1)

Ĥd
= 3Tr

(
YdY

†
d

)
− 3

10

(
5g2

2 + g2
1

)
+ Tr

(
YeY

†
e

)
(11)

γ
(2)

Ĥd
= +

207

100
g4

1 +
9

10
g2

1g
2
2 +

15

4
g4

2 −
2

5

(
− 40g2

3 + g2
1

)
Tr
(
YdY

†
d

)
+

6

5
g2

1Tr
(
YeY

†
e

)
− 9Tr

(
YdY

†
d YdY

†
d

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 3Tr

(
YeY

†
e YeY

†
e

)
− Tr

(
YeY

†
ν YνY

†
e

)
(12)
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γ
(1)

Ĥu
= 3Tr

(
YuY

†
u

)
− 3

10

(
5g2

2 + g2
1

)
+ Tr

(
YνY

†
ν

)
(13)

γ
(2)

Ĥu
= +

207

100
g4

1 +
9

10
g2

1g
2
2 +

15

4
g4

2 +
4

5

(
20g2

3 + g2
1

)
Tr
(
YuY

†
u

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− Tr

(
YeY

†
ν YνY

†
e

)
− 9Tr

(
YuY

†
uYuY

†
u

)
− 3Tr

(
YνY

†
ν YνY

†
ν

)
(14)

γ
(1)

d̂
= 2Y ∗d Y

T
d −

2

15

(
20g2

3 + g2
1

)
1 (15)

γ
(2)

d̂
= +

2

225

(
− 100g4

3 + 101g4
1 + 80g2

1g
2
3

)
1− 2

(
Y ∗d Y

T
d Y

∗
d Y

T
d + Y ∗d Y

T
u Y

∗
u Y

T
d

)
+ Y ∗d Y

T
d

(
− 2Tr

(
YeY

†
e

)
+ 6g2

2 − 6Tr
(
YdY

†
d

)
+

2

5
g2

1

)
(16)

γ
(1)
û = 2Y ∗u Y

T
u −

8

15

(
5g2

3 + g2
1

)
1 (17)

γ
(2)
û = +

8

225

(
107g4

1 − 25g4
3 + 80g2

1g
2
3

)
1

− 2

5

(
5
(
Y ∗u Y

T
d Y

∗
d Y

T
u + Y ∗u Y

T
u Y

∗
u Y

T
u

)
+ Y ∗u Y

T
u

(
− 15g2

2 + 15Tr
(
YuY

†
u

)
+ 5Tr

(
YνY

†
ν

)
+ g2

1

))
(18)

γ
(1)
ê = 2Y ∗e Y

T
e −

6

5
g2

11 (19)

γ
(2)
ê = +

234

25
g4

11− 2
(
Y ∗e Y

T
e Y

∗
e Y

T
e + Y ∗e Y

T
ν Y

∗
ν Y

T
e

)
+ Y ∗e Y

T
e

(
− 2Tr

(
YeY

†
e

)
+ 6g2

2 − 6Tr
(
YdY

†
d

)
− 6

5
g2

1

)
(20)

γ
(1)
ν̂ = 2Y ∗ν Y

T
ν (21)

γ
(2)
ν̂ = −2

(
Y ∗ν Y

T
e Y

∗
e Y

T
ν + Y ∗ν Y

T
ν Y

∗
ν Y

T
ν

)
+ Y ∗ν Y

T
ν

(
− 2Tr

(
YνY

†
ν

)
+ 6g2

2 − 6Tr
(
YuY

†
u

)
+

6

5
g2

1

)
(22)

3.2 Gauge Couplings

β(1)
g1 =

33

5
g3

1 (23)

β(2)
g1 =

1

25
g3

1

(
− 130Tr

(
YuY

†
u

)
+ 135g2

2 + 199g2
1 − 30Tr

(
YνY

†
ν

)
+ 440g2

3 − 70Tr
(
YdY

†
d

)
− 90Tr

(
YeY

†
e

))
(24)

β(1)
g2 = g3

2 (25)

β(2)
g2 =

1

5
g3

2

(
− 10Tr

(
YeY

†
e

)
− 10Tr

(
YνY

†
ν

)
+ 120g2

3 + 125g2
2 − 30Tr

(
YdY

†
d

)
− 30Tr

(
YuY

†
u

)
+ 9g2

1

)
(26)

β(1)
g3 = −3g3

3 (27)

β(2)
g3 =

1

5
g3

3

(
11g2

1 − 20Tr
(
YdY

†
d

)
− 20Tr

(
YuY

†
u

)
+ 45g2

2 + 70g2
3

)
(28)
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3.3 Gaugino Mass Parameters

β
(1)
M1

=
66

5
g2

1M1 (29)

β
(2)
M1

=
2

25
g2

1

(
398g2

1M1 + 135g2
2M1 + 440g2

3M1 + 440g2
3M3 + 135g2

2M2 − 70M1Tr
(
YdY

†
d

)
− 90M1Tr

(
YeY

†
e

)
− 130M1Tr

(
YuY

†
u

)
− 30M1Tr

(
YνY

†
ν

)
+ 70Tr

(
Y †d Td

)
+ 90Tr

(
Y †e Te

)
+ 130Tr

(
Y †uTu

)
+ 30Tr

(
Y †ν Tν

))
(30)

β
(1)
M2

= 2g2
2M2 (31)

β
(2)
M2

=
2

5
g2

2

(
9g2

1M1 + 120g2
3M3 + 9g2

1M2 + 250g2
2M2 + 120g2

3M2 − 30M2Tr
(
YdY

†
d

)
− 10M2Tr

(
YeY

†
e

)
− 30M2Tr

(
YuY

†
u

)
− 10M2Tr

(
YνY

†
ν

)
+ 30Tr

(
Y †d Td

)
+ 10Tr

(
Y †e Te

)
+ 30Tr

(
Y †uTu

)
+ 10Tr

(
Y †ν Tν

))
(32)

β
(1)
M3

= −6g2
3M3 (33)

β
(2)
M3

=
2

5
g2

3

(
11g2

1M1 + 11g2
1M3 + 45g2

2M3 + 140g2
3M3 + 45g2

2M2 − 20M3Tr
(
YdY

†
d

)
− 20M3Tr

(
YuY

†
u

)
+ 20Tr

(
Y †d Td

)
+ 20Tr

(
Y †uTu

))
(34)

3.4 Trilinear Superpotential Parameters

β
(1)
Yd

= 3YdY
†
d Yd + Yd

(
− 3g2

2 + 3Tr
(
YdY

†
d

)
− 16

3
g2

3 −
7

15
g2

1 + Tr
(
YeY

†
e

))
+ YdY

†
uYu (35)

β
(2)
Yd

= +
4

5
g2

1YdY
†
uYu − 4YdY

†
d YdY

†
d Yd − 2YdY

†
uYuY

†
d Yd − 2YdY

†
uYuY

†
uYu

+ YdY
†
d Yd

(
− 3Tr

(
YeY

†
e

)
+ 6g2

2 − 9Tr
(
YdY

†
d

)
+

4

5
g2

1

)
− 3YdY

†
uYuTr

(
YuY

†
u

)
− YdY †uYuTr

(
YνY

†
ν

)
+ Yd

(287

90
g4

1 + g2
1g

2
2 +

15

2
g4

2 +
8

9
g2

1g
2
3 + 8g2

2g
2
3 −

16

9
g4

3 −
2

5

(
− 40g2

3 + g2
1

)
Tr
(
YdY

†
d

)
+

6

5
g2

1Tr
(
YeY

†
e

)
− 9Tr

(
YdY

†
d YdY

†
d

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 3Tr

(
YeY

†
e YeY

†
e

)
− Tr

(
YeY

†
ν YνY

†
e

))
(36)

β
(1)
Ye

= 3YeY
†
e Ye + Ye

(
− 3g2

2 + 3Tr
(
YdY

†
d

)
− 9

5
g2

1 + Tr
(
YeY

†
e

))
+ YeY

†
ν Yν (37)

β
(2)
Ye

= −4YeY
†
e YeY

†
e Ye − 2YeY

†
ν YνY

†
e Ye − 2YeY

†
ν YνY

†
ν Yν

+ YeY
†
e Ye

(
− 3Tr

(
YeY

†
e

)
+ 6g2

2 − 9Tr
(
YdY

†
d

))
− 3YeY

†
ν YνTr

(
YuY

†
u

)
− YeY †ν YνTr

(
YνY

†
ν

)
+

1

10
Ye

(
135g4

1 + 18g2
1g

2
2 + 75g4

2 − 4
(
− 40g2

3 + g2
1

)
Tr
(
YdY

†
d

)
+ 12g2

1Tr
(
YeY

†
e

)
− 90Tr

(
YdY

†
d YdY

†
d

)
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− 30Tr
(
YdY

†
uYuY

†
d

)
− 30Tr

(
YeY

†
e YeY

†
e

)
− 10Tr

(
YeY

†
ν YνY

†
e

))
(38)

β
(1)
Yu

= 3YuY
†
uYu + Yu

(
− 3g2

2 + 3Tr
(
YuY

†
u

)
− 13

15
g2

1 −
16

3
g2

3 + Tr
(
YνY

†
ν

))
+ YuY

†
d Yd (39)

β
(2)
Yu

= +
2

5
g2

1YuY
†
uYu + 6g2

2YuY
†
uYu − 2YuY

†
d YdY

†
d Yd − 2YuY

†
d YdY

†
uYu

− 4YuY
†
uYuY

†
uYu + YuY

†
d Yd

(
− 3Tr

(
YdY

†
d

)
+

2

5
g2

1 − Tr
(
YeY

†
e

))
− 9YuY

†
uYuTr

(
YuY

†
u

)
− 3YuY

†
uYuTr

(
YνY

†
ν

)
+ Yu

(2743

450
g4

1 + g2
1g

2
2 +

15

2
g4

2 +
136

45
g2

1g
2
3 + 8g2

2g
2
3 −

16

9
g4

3 +
4

5

(
20g2

3 + g2
1

)
Tr
(
YuY

†
u

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− Tr

(
YeY

†
ν YνY

†
e

)
− 9Tr

(
YuY

†
uYuY

†
u

)
− 3Tr

(
YνY

†
ν YνY

†
ν

))
(40)

β
(1)
Yν

= 3YνY
†
ν Yν + Yν

(
− 3g2

2 + 3Tr
(
YuY

†
u

)
− 3

5
g2

1 + Tr
(
YνY

†
ν

))
+ YνY

†
e Ye (41)

β
(2)
Yν

= +
6

5
g2

1YνY
†
ν Yν + 6g2

2YνY
†
ν Yν − 2YνY

†
e YeY

†
e Ye − 2YνY

†
e YeY

†
ν Yν

− 4YνY
†
ν YνY

†
ν Yν + YνY

†
e Ye

(
− 3Tr

(
YdY

†
d

)
+

6

5
g2

1 − Tr
(
YeY

†
e

))
− 9YνY

†
ν YνTr

(
YuY

†
u

)
− 3YνY

†
ν YνTr

(
YνY

†
ν

)
+ Yν

(207

50
g4

1 +
9

5
g2

1g
2
2 +

15

2
g4

2 +
4

5

(
20g2

3 + g2
1

)
Tr
(
YuY

†
u

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− Tr

(
YeY

†
ν YνY

†
e

)
− 9Tr

(
YuY

†
uYuY

†
u

)
− 3Tr

(
YνY

†
ν YνY

†
ν

))
(42)

3.5 Bilinear Superpotential Parameters

β(1)
µ = −3g2

2µ+ 3µTr
(
YdY

†
d

)
+ 3µTr

(
YuY

†
u

)
− 3

5
g2

1µ+ µTr
(
YeY

†
e

)
+ µTr

(
YνY

†
ν

)
(43)

β(2)
µ =

1

50
µ
(

207g4
1 + 90g2

1g
2
2 + 375g4

2 − 20
(
− 40g2

3 + g2
1

)
Tr
(
YdY

†
d

)
+ 60g2

1Tr
(
YeY

†
e

)
+ 40g2

1Tr
(
YuY

†
u

)
+ 800g2

3Tr
(
YuY

†
u

)
− 450Tr

(
YdY

†
d YdY

†
d

)
− 300Tr

(
YdY

†
uYuY

†
d

)
− 150Tr

(
YeY

†
e YeY

†
e

)
− 100Tr

(
YeY

†
ν YνY

†
e

)
− 450Tr

(
YuY

†
uYuY

†
u

)
− 150Tr

(
YνY

†
ν YνY

†
ν

))
(44)

β
(1)
Mv

= 2
(
MvY

∗
ν Y

T
ν + YνY

†
νMv

)
(45)

β
(2)
Mv

= −2
(
MvY

∗
ν Y

T
e Y

∗
e Y

T
ν +MvY

∗
ν Y

T
ν Y

∗
ν Y

T
ν + YνY

†
e YeY

†
νMv + YνY

†
ν YνY

†
νMv

)
+MvY

∗
ν Y

T
ν

(
− 2Tr

(
YνY

†
ν

)
+ 6g2

2 − 6Tr
(
YuY

†
u

)
+

6

5
g2

1

)
+ YνY

†
νMv

(
− 2Tr

(
YνY

†
ν

)
+ 6g2

2 − 6Tr
(
YuY

†
u

)
+

6

5
g2

1

)
(46)
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3.6 Trilinear Soft-Breaking Parameters

β
(1)
Td

= +4YdY
†
d Td + 2YdY

†
uTu + 5TdY

†
d Yd + TdY

†
uYu −

7

15
g2

1Td − 3g2
2Td −

16

3
g2

3Td

+ 3TdTr
(
YdY

†
d

)
+ TdTr

(
YeY

†
e

)
+ Yd

(
2Tr
(
Y †e Te

)
+ 6g2

2M2 + 6Tr
(
Y †d Td

)
+

14

15
g2

1M1 +
32

3
g2

3M3

)
(47)

β
(2)
Td

= +
6

5
g2

1YdY
†
d Td + 6g2

2YdY
†
d Td −

8

5
g2

1M1YdY
†
uYu +

8

5
g2

1YdY
†
uTu

+
6

5
g2

1TdY
†
d Yd + 12g2

2TdY
†
d Yd +

4

5
g2

1TdY
†
uYu − 6YdY

†
d YdY

†
d Td

− 8YdY
†
d TdY

†
d Yd − 2YdY

†
uYuY

†
d Td − 4YdY

†
uYuY

†
uTu − 4YdY

†
uTuY

†
d Yd

− 4YdY
†
uTuY

†
uYu − 6TdY

†
d YdY

†
d Yd − 4TdY

†
uYuY

†
d Yd − 2TdY

†
uYuY

†
uYu

+
287

90
g4

1Td + g2
1g

2
2Td +

15

2
g4

2Td +
8

9
g2

1g
2
3Td + 8g2

2g
2
3Td −

16

9
g4

3Td

− 12YdY
†
d TdTr

(
YdY

†
d

)
− 15TdY

†
d YdTr

(
YdY

†
d

)
− 2

5
g2

1TdTr
(
YdY

†
d

)
+ 16g2

3TdTr
(
YdY

†
d

)
− 4YdY

†
d TdTr

(
YeY

†
e

)
− 5TdY

†
d YdTr

(
YeY

†
e

)
+

6

5
g2

1TdTr
(
YeY

†
e

)
− 6YdY

†
uTuTr

(
YuY

†
u

)
− 3TdY

†
uYuTr

(
YuY

†
u

)
− 2YdY

†
uTuTr

(
YνY

†
ν

)
− TdY †uYuTr

(
YνY

†
ν

)
− 2

5
YdY

†
d Yd

(
15Tr

(
Y †e Te

)
+ 30g2

2M2 + 45Tr
(
Y †d Td

)
+ 4g2

1M1

)
− 6YdY

†
uYuTr

(
Y †uTu

)
− 2YdY

†
uYuTr

(
Y †ν Tν

)
− 9TdTr

(
YdY

†
d YdY

†
d

)
− 3TdTr

(
YdY

†
uYuY

†
d

)
− 3TdTr

(
YeY

†
e YeY

†
e

)
− TdTr

(
YeY

†
ν YνY

†
e

)
− 2

45
Yd

(
287g4

1M1 + 45g2
1g

2
2M1 + 40g2

1g
2
3M1 + 40g2

1g
2
3M3 + 360g2

2g
2
3M3 − 160g4

3M3

+ 45g2
1g

2
2M2 + 675g4

2M2 + 360g2
2g

2
3M2 − 18

(
− 40g2

3M3 + g2
1M1

)
Tr
(
YdY

†
d

)
+ 54g2

1M1Tr
(
YeY

†
e

)
+ 18g2

1Tr
(
Y †d Td

)
− 720g2

3Tr
(
Y †d Td

)
− 54g2

1Tr
(
Y †e Te

)
+ 810Tr

(
YdY

†
d TdY

†
d

)
+ 135Tr

(
YdY

†
uTuY

†
d

)
+ 270Tr

(
YeY

†
e TeY

†
e

)
+ 45Tr

(
YeY

†
ν TνY

†
e

)
+ 135Tr

(
YuY

†
d TdY

†
u

)
+ 45Tr

(
YνY

†
e TeY

†
ν

))
(48)

β
(1)
Te

= +4YeY
†
e Te + 2YeY

†
ν Tν + 5TeY

†
e Ye + TeY

†
ν Yν −

9

5
g2

1Te − 3g2
2Te

+ 3TeTr
(
YdY

†
d

)
+ TeTr

(
YeY

†
e

)
+ Ye

(
2Tr
(
Y †e Te

)
+ 6g2

2M2 + 6Tr
(
Y †d Td

)
+

18

5
g2

1M1

)
(49)

β
(2)
Te

= +
6

5
g2

1YeY
†
e Te + 6g2

2YeY
†
e Te −

6

5
g2

1TeY
†
e Ye + 12g2

2TeY
†
e Ye

− 6YeY
†
e YeY

†
e Te − 8YeY

†
e TeY

†
e Ye − 2YeY

†
ν YνY

†
e Te − 4YeY

†
ν YνY

†
ν Tν

− 4YeY
†
ν TνY

†
e Ye − 4YeY

†
ν TνY

†
ν Yν − 6TeY

†
e YeY

†
e Ye − 4TeY

†
ν YνY

†
e Ye
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− 2TeY
†
ν YνY

†
ν Yν +

27

2
g4

1Te +
9

5
g2

1g
2
2Te +

15

2
g4

2Te − 12YeY
†
e TeTr

(
YdY

†
d

)
− 15TeY

†
e YeTr

(
YdY

†
d

)
− 2

5
g2

1TeTr
(
YdY

†
d

)
+ 16g2

3TeTr
(
YdY

†
d

)
− 4YeY

†
e TeTr

(
YeY

†
e

)
− 5TeY

†
e YeTr

(
YeY

†
e

)
+

6

5
g2

1TeTr
(
YeY

†
e

)
− 6YeY

†
ν TνTr

(
YuY

†
u

)
− 3TeY

†
ν YνTr

(
YuY

†
u

)
− 2YeY

†
ν TνTr

(
YνY

†
ν

)
− TeY †ν YνTr

(
YνY

†
ν

)
− 6YeY

†
e Ye

(
2g2

2M2 + 3Tr
(
Y †d Td

)
+ Tr

(
Y †e Te

))
− 6YeY

†
ν YνTr

(
Y †uTu

)
− 2YeY

†
ν YνTr

(
Y †ν Tν

)
− 9TeTr

(
YdY

†
d YdY

†
d

)
− 3TeTr

(
YdY

†
uYuY

†
d

)
− 3TeTr

(
YeY

†
e YeY

†
e

)
− TeTr

(
YeY

†
ν YνY

†
e

)
− 2

5
Ye

(
135g4

1M1 + 9g2
1g

2
2M1 + 9g2

1g
2
2M2 + 75g4

2M2 +
(
− 2g2

1M1 + 80g2
3M3

)
Tr
(
YdY

†
d

)
+ 6g2

1M1Tr
(
YeY

†
e

)
+ 2g2

1Tr
(
Y †d Td

)
− 80g2

3Tr
(
Y †d Td

)
− 6g2

1Tr
(
Y †e Te

)
+ 90Tr

(
YdY

†
d TdY

†
d

)
+ 15Tr

(
YdY

†
uTuY

†
d

)
+ 30Tr

(
YeY

†
e TeY

†
e

)
+ 5Tr

(
YeY

†
ν TνY

†
e

)
+ 15Tr

(
YuY

†
d TdY

†
u

)
+ 5Tr

(
YνY

†
e TeY

†
ν

))
(50)

β
(1)
Tu

= +2YuY
†
d Td + 4YuY

†
uTu + TuY

†
d Yd + 5TuY

†
uYu −

13

15
g2

1Tu − 3g2
2Tu −

16

3
g2

3Tu

+ 3TuTr
(
YuY

†
u

)
+ TuTr

(
YνY

†
ν

)
+ Yu

(
2Tr
(
Y †ν Tν

)
+ 6g2

2M2 + 6Tr
(
Y †uTu

)
+

26

15
g2

1M1 +
32

3
g2

3M3

)
(51)

β
(2)
Tu

= +
4

5
g2

1YuY
†
d Td −

4

5
g2

1M1YuY
†
uYu − 12g2

2M2YuY
†
uYu +

6

5
g2

1YuY
†
uTu

+ 6g2
2YuY

†
uTu +

2

5
g2

1TuY
†
d Yd + 12g2

2TuY
†
uYu − 4YuY

†
d YdY

†
d Td

− 2YuY
†
d YdY

†
uTu − 4YuY

†
d TdY

†
d Yd − 4YuY

†
d TdY

†
uYu − 6YuY

†
uYuY

†
uTu

− 8YuY
†
uTuY

†
uYu − 2TuY

†
d YdY

†
d Yd − 4TuY

†
d YdY

†
uYu − 6TuY

†
uYuY

†
uYu +

2743

450
g4

1Tu

+ g2
1g

2
2Tu +

15

2
g4

2Tu +
136

45
g2

1g
2
3Tu + 8g2

2g
2
3Tu −

16

9
g4

3Tu − 6YuY
†
d TdTr

(
YdY

†
d

)
− 3TuY

†
d YdTr

(
YdY

†
d

)
− 2YuY

†
d TdTr

(
YeY

†
e

)
− TuY †d YdTr

(
YeY

†
e

)
− 12YuY

†
uTuTr

(
YuY

†
u

)
− 15TuY

†
uYuTr

(
YuY

†
u

)
+

4

5
g2

1TuTr
(
YuY

†
u

)
+ 16g2

3TuTr
(
YuY

†
u

)
− 4YuY

†
uTuTr

(
YνY

†
ν

)
− 5TuY

†
uYuTr

(
YνY

†
ν

)
− 2

5
YuY

†
d Yd

(
15Tr

(
Y †d Td

)
+ 2g2

1M1 + 5Tr
(
Y †e Te

))
− 18YuY

†
uYuTr

(
Y †uTu

)
− 6YuY

†
uYuTr

(
Y †ν Tν

)
− 3TuTr

(
YdY

†
uYuY

†
d

)
− TuTr

(
YeY

†
ν YνY

†
e

)
− 9TuTr

(
YuY

†
uYuY

†
u

)
− 3TuTr

(
YνY

†
ν YνY

†
ν

)
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+ Yu

(
− 5486

225
g4

1M1 − 2g2
1g

2
2M1 −

272

45
g2

1g
2
3M1 −

272

45
g2

1g
2
3M3 − 16g2

2g
2
3M3 +

64

9
g4

3M3

− 2g2
1g

2
2M2 − 30g4

2M2 − 16g2
2g

2
3M2 −

8

5

(
20g2

3M3 + g2
1M1

)
Tr
(
YuY

†
u

)
+

8

5

(
20g2

3 + g2
1

)
Tr
(
Y †uTu

)
− 6Tr

(
YdY

†
uTuY

†
d

)
− 2Tr

(
YeY

†
ν TνY

†
e

)
− 6Tr

(
YuY

†
d TdY

†
u

)
− 36Tr

(
YuY

†
uTuY

†
u

)
− 2Tr

(
YνY

†
e TeY

†
ν

)
− 12Tr

(
YνY

†
ν TνY

†
ν

))
(52)

β
(1)
Tν

= +2YνY
†
e Te + 4YνY

†
ν Tν + TνY

†
e Ye + 5TνY

†
ν Yν −

3

5
g2

1Tν − 3g2
2Tν

+ 3TνTr
(
YuY

†
u

)
+ TνTr

(
YνY

†
ν

)
+ Yν

(
2Tr
(
Y †ν Tν

)
+ 6g2

2M2 + 6Tr
(
Y †uTu

)
+

6

5
g2

1M1

)
(53)

β
(2)
Tν

= +
12

5
g2

1YνY
†
e Te −

12

5
g2

1M1YνY
†
ν Yν − 12g2

2M2YνY
†
ν Yν +

6

5
g2

1YνY
†
ν Tν

+ 6g2
2YνY

†
ν Tν +

6

5
g2

1TνY
†
e Ye +

12

5
g2

1TνY
†
ν Yν + 12g2

2TνY
†
ν Yν

− 4YνY
†
e YeY

†
e Te − 2YνY

†
e YeY

†
ν Tν − 4YνY

†
e TeY

†
e Ye − 4YνY

†
e TeY

†
ν Yν

− 6YνY
†
ν YνY

†
ν Tν − 8YνY

†
ν TνY

†
ν Yν − 2TνY

†
e YeY

†
e Ye − 4TνY

†
e YeY

†
ν Yν

− 6TνY
†
ν YνY

†
ν Yν +

207

50
g4

1Tν +
9

5
g2

1g
2
2Tν +

15

2
g4

2Tν − 6YνY
†
e TeTr

(
YdY

†
d

)
− 3TνY

†
e YeTr

(
YdY

†
d

)
− 2YνY

†
e TeTr

(
YeY

†
e

)
− TνY †e YeTr

(
YeY

†
e

)
− 12YνY

†
ν TνTr

(
YuY

†
u

)
− 15TνY

†
ν YνTr

(
YuY

†
u

)
+

4

5
g2

1TνTr
(
YuY

†
u

)
+ 16g2

3TνTr
(
YuY

†
u

)
− 4YνY

†
ν TνTr

(
YνY

†
ν

)
− 5TνY

†
ν YνTr

(
YνY

†
ν

)
− 2

5
YνY

†
e Ye

(
15Tr

(
Y †d Td

)
+ 5Tr

(
Y †e Te

)
+ 6g2

1M1

)
− 18YνY

†
ν YνTr

(
Y †uTu

)
− 6YνY

†
ν YνTr

(
Y †ν Tν

)
− 3TνTr

(
YdY

†
uYuY

†
d

)
− TνTr

(
YeY

†
ν YνY

†
e

)
− 9TνTr

(
YuY

†
uYuY

†
u

)
− 3TνTr

(
YνY

†
ν YνY

†
ν

)
− 2

25
Yν

(
207g4

1M1 + 45g2
1g

2
2M1 + 45g2

1g
2
2M2 + 375g4

2M2 + 20
(

20g2
3M3 + g2

1M1

)
Tr
(
YuY

†
u

)
− 20

(
20g2

3 + g2
1

)
Tr
(
Y †uTu

)
+ 75Tr

(
YdY

†
uTuY

†
d

)
+ 25Tr

(
YeY

†
ν TνY

†
e

)
+ 75Tr

(
YuY

†
d TdY

†
u
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+ 450Tr

(
YuY

†
uTuY

†
u
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+ 25Tr

(
YνY
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e TeY
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+ 150Tr
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YνY

†
ν TνY
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))
(54)

3.7 Bilinear Soft-Breaking Parameters

β
(1)
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2 + 3Tr
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+ 3Tr
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†
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+
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Y †d Td
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Y †uTu
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+ 3g2
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(
Y †e Te
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+ 5Tr

(
Y †ν Tν

))
(55)
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= +Bµ
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+
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+
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(
YdY

†
uYuY

†
d

)
− 3Tr
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†
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(

207g4
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Tr
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1M1Tr
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1M1Tr
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†
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3M3Tr
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)
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1Tr
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)
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3Tr
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)
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1Tr
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3Tr
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†
d TdY

†
d

)
+ 150Tr

(
YdY

†
uTuY

†
d

)
+ 150Tr

(
YeY

†
e TeY

†
e

)
+ 50Tr

(
YeY

†
ν TνY

†
e

)
+ 150Tr

(
YuY

†
d TdY

†
u

)
+ 450Tr

(
YuY

†
uTuY

†
u

)
+ 50Tr

(
YνY

†
e TeY

†
ν

)
+ 150Tr

(
YνY

†
ν TνY

†
ν

))
(56)

β
(1)
Bv

= 2
(

2MvY
∗
ν T

T
ν + 2TνY

†
νMv + YνY

†
ν Bv +BvY

∗
ν Y

T
ν

)
(57)

β
(2)
Bv

= −2

5

(
6g2

1M1YνY
†
νMv + 30g2

2M2YνY
†
νMv − 3g2

1YνY
†
ν Bv − 15g2

2YνY
†
ν Bv

− 3g2
1BvY

∗
ν Y

T
ν − 15g2

2BvY
∗
ν Y

T
ν − 6g2

1TνY
†
νMv − 30g2

2TνY
†
νMv

+ 10MvY
∗
ν Y

T
e Y

∗
e T

T
ν + 10MvY

∗
ν Y

T
ν Y

∗
ν T

T
ν + 10MvY

∗
ν T

T
e Y
∗
e Y

T
ν

+ 10MvY
∗
ν T

T
ν Y
∗
ν Y

T
ν + 5YνY

†
e YeY

†
ν Bv + 10YνY

†
e TeY

†
νMv + 5YνY

†
ν YνY

†
ν Bv

+ 10YνY
†
ν TνY

†
νMv + 5BvY

∗
ν Y

T
e Y

∗
e Y

T
ν + 5BvY

∗
ν Y

T
ν Y

∗
ν Y

T
ν + 10TνY

†
e YeY

†
νMv

+ 10TνY
†
ν YνY

†
νMv + 15YνY

†
ν BvTr

(
YuY

†
u

)
+ 15BvY

∗
ν Y

T
ν Tr

(
YuY

†
u

)
+ 30TνY

†
νMvTr

(
YuY

†
u

)
+ 5YνY

†
ν BvTr

(
YνY

†
ν

)
+ 5BvY

∗
ν Y

T
ν Tr

(
YνY

†
ν

)
+ 10TνY

†
νMvTr

(
YνY

†
ν

)
+MvY

∗
ν T

T
ν

(
10Tr

(
YνY

†
ν

)
+ 30Tr

(
YuY

†
u

)
− 6
(

5g2
2 + g2

1

))
+ 30YνY

†
νMvTr

(
Y †uTu

)
+ 10YνY

†
νMvTr

(
Y †ν Tν

)
+ 2MvY

∗
ν Y

T
ν

(
15g2

2M2 + 15Tr
(
Y †uTu

)
+ 3g2

1M1 + 5Tr
(
Y †ν Tν

)))
(58)

3.8 Soft-Breaking Scalar Masses

σ1,1 =

√
3

5
g1

(
− 2Tr

(
m2
u

)
− Tr

(
m2
l

)
−m2

Hd
+m2

Hu + Tr
(
m2
d

)
+ Tr

(
m2
e

)
+ Tr

(
m2
q

))
(59)

σ2,11 =
1

10
g2

1

(
2Tr
(
m2
d

)
+ 3Tr

(
m2
l

)
+ 3m2

Hd
+ 3m2

Hu + 6Tr
(
m2
e

)
+ 8Tr

(
m2
u

)
+ Tr

(
m2
q

))
(60)

σ3,1 =
1

20

1√
15
g1

(
− 9g2

1m
2
Hd
− 45g2

2m
2
Hd

+ 9g2
1m

2
Hu + 45g2

2m
2
Hu + 4

(
20g2

3 + g2
1

)
Tr
(
m2
d

)
+ 36g2

1Tr
(
m2
e

)
− 9g2

1Tr
(
m2
l

)
− 45g2

2Tr
(
m2
l

)
+ g2

1Tr
(
m2
q

)
+ 45g2

2Tr
(
m2
q

)
+ 80g2

3Tr
(
m2
q

)
− 32g2

1Tr
(
m2
u

)
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− 160g2
3Tr
(
m2
u

)
+ 90m2

Hd
Tr
(
YdY

†
d

)
+ 30m2

Hd
Tr
(
YeY

†
e

)
− 90m2

HuTr
(
YuY

†
u

)
− 30m2

HuTr
(
YνY

†
ν

)
− 60Tr

(
YdY

†
dm

2∗
d

)
− 30Tr

(
Ydm

2∗
q Y

†
d

)
− 60Tr

(
YeY

†
em

2∗
e

)
+ 30Tr

(
Yem

2∗
l Y

†
e

)
+ 120Tr

(
YuY

†
um

2∗
u

)
− 30Tr

(
Yum

2∗
q Y

†
u

)
+ 30Tr

(
Yνm

2∗
l Y

†
ν

))
(61)

σ2,2 =
1

2

(
3Tr
(
m2
q

)
+m2

Hd
+m2

Hu + Tr
(
m2
l

))
(62)

σ2,3 =
1

2

(
2Tr
(
m2
q

)
+ Tr

(
m2
d

)
+ Tr

(
m2
u

))
(63)

β
(1)
m2
q

= − 2

15
g2

11|M1|2 −
32

3
g2

31|M3|2 − 6g2
21|M2|2 + 2m2

Hd
Y †d Yd + 2m2

HuY
†
uYu + 2T †dTd

+ 2T †uTu +m2
qY
†
d Yd +m2

qY
†
uYu + 2Y †dm

2
dYd + Y †d Ydm

2
q + 2Y †um

2
uYu

+ Y †uYum
2
q +

1√
15
g11σ1,1 (64)

β
(2)
m2
q

= +
2

5
g2

1g
2
21|M2|2 + 33g4

21|M2|2 + 32g2
2g

2
31|M2|2

+
16

45
g2

3

(
15
(

3g2
2

(
2M3 +M2

)
− 8g2

3M3

)
+ g2

1

(
2M3 +M1

))
1M∗3 +

1

5
g2

1g
2
2M11M

∗
2 + 16g2

2g
2
3M31M

∗
2

+
4

5
g2

1m
2
Hd
Y †d Yd +

8

5
g2

1m
2
HuY

†
uYu

+
1

225
g2

1M
∗
1

((
5
(

16g2
3

(
2M1 +M3

)
+ 9g2

2

(
2M1 +M2

))
+ 597g2

1M1

)
1

+ 180
(

2M1Y
†
d Yd − 2Y †uTu + 4M1Y

†
uYu − Y

†
d Td

))
− 4

5
g2

1M1T
†
dYd +

4

5
g2

1T
†
dTd −

8

5
g2

1M1T
†
uYu +

8

5
g2

1T
†
uTu

+
2

5
g2

1m
2
qY
†
d Yd +

4

5
g2

1m
2
qY
†
uYu +

4

5
g2

1Y
†
dm

2
dYd +

2

5
g2

1Y
†
d Ydm

2
q

+
8

5
g2

1Y
†
um

2
uYu +

4

5
g2

1Y
†
uYum

2
q − 8m2

Hd
Y †d YdY

†
d Yd − 4Y †d YdT

†
dTd

− 4Y †d TdT
†
dYd − 8m2

HuY
†
uYuY

†
uYu − 4Y †uYuT

†
uTu − 4Y †uTuT

†
uYu

− 4T †dYdY
†
d Td − 4T †dTdY

†
d Yd − 4T †uYuY

†
uTu − 4T †uTuY

†
uYu

− 2m2
qY
†
d YdY

†
d Yd − 2m2

qY
†
uYuY

†
uYu − 4Y †dm

2
dYdY

†
d Yd − 4Y †d Ydm

2
qY
†
d Yd

− 4Y †d YdY
†
dm

2
dYd − 2Y †d YdY

†
d Ydm

2
q − 4Y †um

2
uYuY

†
uYu − 4Y †uYum

2
qY
†
uYu

− 4Y †uYuY
†
um

2
uYu − 2Y †uYuY

†
uYum

2
q + 6g4

21σ2,2 +
32

3
g4

31σ2,3 +
2

15
g2

11σ2,11 + 4
1√
15
g11σ3,1

− 12m2
Hd
Y †d YdTr

(
YdY

†
d

)
− 6T †dTdTr

(
YdY

†
d

)
− 3m2

qY
†
d YdTr

(
YdY

†
d

)
− 6Y †dm

2
dYdTr

(
YdY

†
d

)
− 3Y †d Ydm

2
qTr
(
YdY

†
d

)
− 4m2

Hd
Y †d YdTr

(
YeY

†
e

)
− 2T †dTdTr

(
YeY

†
e

)
−m2

qY
†
d YdTr

(
YeY

†
e

)
− 2Y †dm

2
dYdTr

(
YeY

†
e

)
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− Y †d Ydm
2
qTr
(
YeY

†
e

)
− 12m2

HuY
†
uYuTr

(
YuY

†
u

)
− 6T †uTuTr

(
YuY

†
u

)
− 3m2

qY
†
uYuTr

(
YuY

†
u

)
− 6Y †um

2
uYuTr

(
YuY

†
u

)
− 3Y †uYum

2
qTr
(
YuY

†
u

)
− 4m2

HuY
†
uYuTr

(
YνY

†
ν

)
− 2T †uTuTr

(
YνY

†
ν

)
−m2

qY
†
uYuTr

(
YνY

†
ν

)
− 2Y †um

2
uYuTr

(
YνY

†
ν

)
− Y †uYum2

qTr
(
YνY

†
ν

)
− 6T †dYdTr

(
Y †d Td

)
− 2T †dYdTr

(
Y †e Te

)
− 6T †uYuTr

(
Y †uTu

)
− 2T †uYuTr

(
Y †ν Tν

)
− 6Y †d TdTr

(
T ∗d Y

T
d

)
− 6Y †d YdTr

(
T ∗d T

T
d

)
− 2Y †d TdTr

(
T ∗e Y

T
e

)
− 2Y †d YdTr

(
T ∗e T

T
e

)
− 6Y †uTuTr

(
T ∗uY

T
u

)
− 6Y †uYuTr

(
T ∗uT

T
u

)
− 2Y †uTuTr

(
T ∗ν Y

T
ν

)
− 2Y †uYuTr

(
T ∗ν T

T
ν

)
− 6Y †d YdTr

(
m2
dYdY

†
d

)
− 2Y †d YdTr

(
m2
eYeY

†
e

)
− 2Y †d YdTr

(
m2
l Y
†
e Ye

)
− 2Y †uYuTr

(
m2
l Y
†
ν Yν

)
− 6Y †d YdTr

(
m2
qY
†
d Yd

)
− 6Y †uYuTr

(
m2
qY
†
uYu

)
− 6Y †uYuTr

(
m2
uYuY

†
u

)
− 2Y †uYuTr

(
YνY

†
νm

2∗
ν

)
(65)

β
(1)

m2
l

= −6

5
g2

11|M1|2 − 6g2
21|M2|2 + 2m2

Hd
Y †e Ye + 2m2

HuY
†
ν Yν + 2T †e Te + 2T †νTν

+m2
l Y
†
e Ye +m2

l Y
†
ν Yν + 2Y †em

2
eYe + Y †e Yem

2
l + Y †ν Yνm

2
l + 2Y †νm

2∗
ν Yν

−
√

3

5
g11σ1,1 (66)

β
(2)

m2
l

= +
3

5
g2

2

(
3g2

1

(
2M2 +M1

)
+ 55g2

2M2

)
1M∗2 +

12

5
g2

1m
2
Hd
Y †e Ye

+
3

25
g2

1M
∗
1

(
− 20Y †e Te + 3

(
5g2

2

(
2M1 +M2

)
+ 69g2

1M1

)
1 + 40M1Y

†
e Ye

)
− 12

5
g2

1M1T
†
e Ye

+
12

5
g2

1T
†
e Te +

6

5
g2

1m
2
l Y
†
e Ye +

12

5
g2

1Y
†
em

2
eYe +

6

5
g2

1Y
†
e Yem

2
l

− 8m2
Hd
Y †e YeY

†
e Ye − 4Y †e YeT

†
e Te − 4Y †e TeT

†
e Ye − 8m2

HuY
†
ν YνY

†
ν Yν

− 4Y †ν YνT
†
νTν − 4Y †ν TνT

†
νYν − 4T †e YeY

†
e Te − 4T †e TeY

†
e Ye

− 4T †νYνY
†
ν Tν − 4T †νTνY

†
ν Yν − 2m2

l Y
†
e YeY

†
e Ye − 2m2

l Y
†
ν YνY

†
ν Yν

− 4Y †em
2
eYeY

†
e Ye − 4Y †e Yem

2
l Y
†
e Ye − 4Y †e YeY

†
em

2
eYe − 2Y †e YeY

†
e Yem

2
l

− 4Y †ν Yνm
2
l Y
†
ν Yν − 2Y †ν YνY

†
ν Yνm

2
l − 4Y †ν YνY

†
νm

2∗
ν Yν − 4Y †νm

2∗
ν YνY

†
ν Yν + 6g4

21σ2,2

+
6

5
g2

11σ2,11 − 4

√
3

5
g11σ3,1 − 12m2

Hd
Y †e YeTr

(
YdY

†
d

)
− 6T †e TeTr

(
YdY

†
d

)
− 3m2

l Y
†
e YeTr

(
YdY

†
d

)
− 6Y †em

2
eYeTr

(
YdY

†
d

)
− 3Y †e Yem

2
lTr
(
YdY

†
d

)
− 4m2

Hd
Y †e YeTr

(
YeY

†
e

)
− 2T †e TeTr

(
YeY

†
e

)
−m2

l Y
†
e YeTr

(
YeY

†
e

)
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− 2Y †em
2
eYeTr

(
YeY

†
e

)
− Y †e Yem2

lTr
(
YeY

†
e

)
− 12m2

HuY
†
ν YνTr

(
YuY

†
u

)
− 6T †νTνTr

(
YuY

†
u

)
− 3m2

l Y
†
ν YνTr

(
YuY

†
u

)
− 3Y †ν Yνm

2
lTr
(
YuY

†
u

)
− 6Y †νm

2∗
ν YνTr

(
YuY

†
u

)
− 4m2

HuY
†
ν YνTr

(
YνY

†
ν

)
− 2T †νTνTr

(
YνY

†
ν

)
−m2

l Y
†
ν YνTr

(
YνY

†
ν

)
− Y †ν Yνm2

lTr
(
YνY

†
ν

)
− 2Y †νm

2∗
ν YνTr

(
YνY

†
ν

)
− 6T †e YeTr

(
Y †d Td

)
− 2T †e YeTr

(
Y †e Te

)
− 6T †νYνTr

(
Y †uTu

)
− 2T †νYνTr

(
Y †ν Tν

)
− 6Y †e TeTr

(
T ∗d Y

T
d

)
− 6Y †e YeTr

(
T ∗d T

T
d

)
− 2Y †e TeTr

(
T ∗e Y

T
e

)
− 2Y †e YeTr

(
T ∗e T

T
e

)
− 6Y †ν TνTr

(
T ∗uY

T
u

)
− 6Y †ν YνTr

(
T ∗uT

T
u

)
− 2Y †ν TνTr

(
T ∗ν Y

T
ν

)
− 2Y †ν YνTr

(
T ∗ν T

T
ν

)
− 6Y †e YeTr

(
m2
dYdY

†
d

)
− 2Y †e YeTr

(
m2
eYeY

†
e

)
− 2Y †e YeTr

(
m2
l Y
†
e Ye

)
− 2Y †ν YνTr

(
m2
l Y
†
ν Yν

)
− 6Y †e YeTr

(
m2
qY
†
d Yd

)
− 6Y †ν YνTr

(
m2
qY
†
uYu

)
− 6Y †ν YνTr

(
m2
uYuY

†
u

)
− 2Y †ν YνTr

(
YνY

†
νm

2∗
ν

)
(67)

β
(1)

m2
Hd

= −6

5
g2

1 |M1|2 − 6g2
2 |M2|2 −

√
3

5
g1σ1,1 + 6m2

Hd
Tr
(
YdY

†
d

)
+ 2m2

Hd
Tr
(
YeY

†
e

)
+ 6Tr

(
T ∗d T

T
d

)
+ 2Tr

(
T ∗e T

T
e

)
+ 6Tr

(
m2
dYdY

†
d

)
+ 2Tr

(
m2
eYeY

†
e

)
+ 2Tr

(
m2
l Y
†
e Ye

)
+ 6Tr

(
m2
qY
†
d Yd

)
(68)

β
(2)

m2
Hd

=
1

25

(
15g2

2

(
3g2

1

(
2M2 +M1

)
+ 55g2

2M2

)
M∗2

+ g2
1M
∗
1

(
621g2

1M1 + 90g2
2M1 + 45g2

2M2 − 40M1Tr
(
YdY

†
d

)
+ 120M1Tr

(
YeY

†
e

)
+ 20Tr

(
Y †d Td

)
− 60Tr

(
Y †e Te

))
+ 10

(
15g4

2σ2,2 + 3g2
1σ2,11 − 2

√
15g1σ3,1 +

(
160g2

3 |M3|2 − 2g2
1m

2
Hd

+ 80g2
3m

2
Hd

)
Tr
(
YdY

†
d

)
+ 6g2

1m
2
Hd

Tr
(
YeY

†
e

)
− 80g2

3M
∗
3Tr

(
Y †d Td

)
+ 2g2

1M1Tr
(
T ∗d Y

T
d

)
− 80g2

3M3Tr
(
T ∗d Y

T
d

)
− 2g2

1Tr
(
T ∗d T

T
d

)
+ 80g2

3Tr
(
T ∗d T

T
d

)
− 6g2

1M1Tr
(
T ∗e Y

T
e

)
+ 6g2

1Tr
(
T ∗e T

T
e

)
− 2g2

1Tr
(
m2
dYdY

†
d

)
+ 80g2

3Tr
(
m2
dYdY

†
d

)
+ 6g2

1Tr
(
m2
eYeY

†
e

)
+ 6g2

1Tr
(
m2
l Y
†
e Ye

)
− 2g2

1Tr
(
m2
qY
†
d Yd

)
+ 80g2

3Tr
(
m2
qY
†
d Yd

)
− 90m2

Hd
Tr
(
YdY

†
d YdY

†
d

)
− 90Tr

(
YdY

†
d TdT

†
d

)
− 15m2

Hd
Tr
(
YdY

†
uYuY

†
d

)
− 15m2

HuTr
(
YdY

†
uYuY

†
d

)
− 15Tr

(
YdY

†
uTuT

†
d

)
− 90Tr

(
YdT

†
dTdY

†
d

)
− 15Tr

(
YdT

†
uTuY

†
d

)
− 30m2

Hd
Tr
(
YeY

†
e YeY

†
e

)
− 30Tr

(
YeY

†
e TeT

†
e

)
− 5m2

Hd
Tr
(
YeY

†
ν YνY

†
e

)
− 5m2

HuTr
(
YeY

†
ν YνY

†
e

)
− 5Tr

(
YeY

†
ν TνT

†
e

)
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− 30Tr
(
YeT

†
e TeY

†
e

)
− 5Tr

(
YeT

†
νTνY

†
e

)
− 15Tr

(
YuY

†
d TdT

†
u

)
− 15Tr

(
YuT

†
dTdY

†
u

)
− 5Tr

(
YνY

†
e TeT

†
ν

)
− 5Tr

(
YνT

†
e TeY

†
ν

)
− 90Tr

(
m2
dYdY

†
d YdY

†
d

)
− 15Tr

(
m2
dYdY

†
uYuY

†
d

)
− 30Tr

(
m2
eYeY

†
e YeY

†
e

)
− 5Tr

(
m2
eYeY

†
ν YνY

†
e

)
− 30Tr

(
m2
l Y
†
e YeY

†
e Ye

)
− 5Tr

(
m2
l Y
†
e YeY

†
ν Yν

)
− 5Tr

(
m2
l Y
†
ν YνY

†
e Ye

)
− 90Tr

(
m2
qY
†
d YdY

†
d Yd

)
− 15Tr

(
m2
qY
†
d YdY

†
uYu

)
− 15Tr

(
m2
qY
†
uYuY

†
d Yd

)
− 15Tr

(
m2
uYuY

†
d YdY

†
u

)
− 5Tr

(
YeY

†
νm

2∗
ν YνY
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ν

))
(79)

3.9 Vacuum expectation values

β(1)
vd

=
1

20
vd

(
− 20Tr

(
YeY

†
e

)
+ 3
(

5g2
2 + g2

1

)(
1 + Xi

)
− 60Tr

(
YdY

†
d

))
(80)

β(2)
vd

=
1

400
vd

(
− 414g4

1 − 180g2
1g

2
2 − 1200g4

2 − 9g4
1Xi− 90g2

1g
2
2Xi + 875g4

2Xi + 9g4
1Xi

2 + 90g2
1g

2
2Xi

2
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− 225g4
2Xi

2 − 40
(

5
(

32g2
3 + 9g2

2Xi
)

+ g2
1

(
9Xi− 4

))
Tr
(
YdY

†
d

)
− 120

(
5g2

2Xi + g2
1

(
4 + Xi

))
Tr
(
YeY

†
e

)
+ 3600Tr

(
YdY

†
d YdY

†
d

)
+ 1200Tr

(
YdY

†
uYuY

†
d

)
+ 1200Tr

(
YeY

†
e YeY

†
e

)
+ 400Tr

(
YeY

†
ν YνY

†
e

))
(81)

β(1)
vu =

1

20
vu

(
− 20Tr

(
YνY

†
ν

)
+ 3
(

5g2
2 + g2

1

)(
1 + Xi

)
− 60Tr

(
YuY

†
u

))
(82)

β(2)
vu =

1

400
vu

(
− 414g4

1 − 180g2
1g

2
2 − 1200g4

2 − 9g4
1Xi− 90g2

1g
2
2Xi + 875g4

2Xi + 9g4
1Xi

2 + 90g2
1g

2
2Xi

2

− 225g4
2Xi

2 − 40
(

5
(

32g2
3 + 9g2

2Xi
)

+ g2
1

(
9Xi + 8

))
Tr
(
YuY

†
u

)
− 120

(
5g2

2 + g2
1

)
XiTr

(
YνY

†
ν

)
+ 1200Tr

(
YdY

†
uYuY

†
d

)
+ 400Tr

(
YeY

†
ν YνY

†
e

)
+ 3600Tr

(
YuY

†
uYuY

†
u

)
+ 1200Tr

(
YνY

†
ν YνY

†
ν

))
(83)

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

(
Bρ

W3ρ

)
=ZγZ

(
γρ

Zρ

)
(84)(

W1ρ

W2ρ

)
=ZW

(
W−ρ

W−ρ

)
(85)

λW̃ ,1

λW̃ ,2

λW̃ ,3

 =ZW̃


W̃−

W̃+

W̃ 0

 (86)

(87)

The mixing matrices are parametrized by

ZγZ =

(
cos ΘW − sin ΘW

sin ΘW cos ΘW

)
(88)

ZW =

(
1√
2

1√
2

−i 1√
2

i 1√
2

)
(89)

ZW̃ =


1√
2

1√
2

0

−i 1√
2

i 1√
2

0

0 0 1

 (90)

(91)
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4.2 Rotations in Mass sector for eigenstates ’EWSB’

4.2.1 Mass Matrices for Scalars

• Mass matrix for Down-Squarks, Basis:
(
d̃L,α1

, d̃R,α2

)
,
(
d̃∗L,β1

, d̃∗R,β2

)

m2
d̃

=

 md̃Ld̃∗L

1√
2

(
vdT

†
d − vuµY

†
d

)
δα1β2

1√
2
δα2β1

(
vdTd − vuYdµ∗

)
md̃Rd̃∗R

 (92)

md̃Ld̃∗L
= − 1

24

(
3g2

2 + g2
1

)
1
(
− v2

u + v2
d

)
δα1β1

+
1

2
δα1β1

(
2m2

q + v2
dY
†
d Yd

)
(93)

md̃Rd̃∗R
=

1

12
g2

11
(
− v2

d + v2
u

)
δα2β2

+
1

2
δα2β2

(
2m2

d + v2
dYdY

†
d

)
(94)

This matrix is diagonalized by ZD:
ZDm2

d̃
ZD,† = mdia

2,d̃
(95)

with

d̃L,iα =
∑
j

ZD,∗ji d̃jα , d̃R,iα =
∑
j

ZD,∗ji d̃jα (96)

• Mass matrix for Up-Squarks, Basis: (ũL,α1 , ũR,α2) ,
(
ũ∗L,β1

, ũ∗R,β2

)

m2
ũ =

 mũLũ∗
L

1√
2

(
− vdµY †u + vuT

†
u

)
δα1β2

1√
2
δα2β1

(
− vdYuµ∗ + vuTu

)
mũRũ∗

R

 (97)

mũLũ∗
L

= − 1

24

(
− 3g2

2 + g2
1

)
1
(
− v2

u + v2
d

)
δα1β1 +

1

2
δα1β1

(
2m2

q + v2
uY
†
uYu

)
(98)

mũRũ∗
R

=
1

2
δα2β2

(
2m2

u + v2
uYuY

†
u

)
+

1

6
g2

11
(
− v2

u + v2
d

)
δα2β2 (99)

This matrix is diagonalized by ZU :
ZUm2

ũZ
U,† = mdia

2,ũ (100)

with

ũL,iα =
∑
j

ZU,∗ji ũjα , ũR,iα =
∑
j

ZU,∗ji ũjα (101)

• Mass matrix for Sleptons, Basis: (ẽL, ẽR) , (ẽ∗L, ẽ
∗
R)

m2
ẽ =

 mẽLẽ∗L
1√
2

(
vdT

†
e − vuµY †e

)
1√
2

(
vdTe − vuYeµ∗

)
mẽRẽ∗R

 (102)
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mẽLẽ∗L
=

1

2
v2
dY
†
e Ye +

1

8

(
− g2

2 + g2
1

)
1
(
− v2

u + v2
d

)
+m2

l (103)

mẽRẽ∗R
=

1

2
v2
dYeY

†
e +

1

4
g2

11
(
− v2

d + v2
u

)
+m2

e (104)

This matrix is diagonalized by ZE :
ZEm2

ẽZ
E,† = mdia

2,ẽ (105)

with

ẽL,i =
∑
j

ZE,∗ji ẽj , ẽR,i =
∑
j

ZE,∗ji ẽj (106)

• Mass matrix for CP-odd Sneutrino, Basis: (sigmaL) , (sigmaL)

m2
νi =

(
msigmaLsigmaL

)
(107)

msigmaLsigmaL = +
1

8

(
g2

1 + g2
2

)
1
(
− v2

u + v2
d

)
+

1

32

(
32<

(
m2
l

)
+ vu

(
vu

(
16<

(
Y Tν Y

∗
ν

)
− 8<

(
Qν

)
− 8<

(
QTν

)
+ v2

u

(
2<
(
κνκ

∗
ν

)
+ 2<

(
κνκ

†
ν

)
+ 2<

(
κTν κ

∗
ν

)
+ 2<

(
κTν κ

†
ν

)))
+ 4vd

(
2µ
(
κ∗ν,o11 + κ∗ν,p11

)
+ µ∗

(
κν + κTν + κν,o11 + κν,p11

))))
(108)

This matrix is diagonalized by Zi:
Zim2

νiZ
i,† = mdia

2,νi (109)

with

sigmaL
(
{gt1}

)
=
∑
j

Zi,∗ji ν
i
j (110)

• Mass matrix for CP-even Sneutrino, Basis: (phiL) , (phiL)

m2
νR =

(
mphiLphiL

)
(111)

mphiLphiL = +
1

8

(
g2

1 + g2
2

)
1
(
− v2

u + v2
d

)
+

1

32

(
32<

(
m2
l

)
+ vu

(
vu

(
8
(

2<
(
Y Tν Y

∗
ν

)
+ <

(
Qν

))
+ 8<

(
QTν

)
+ v2

u

(
2<
(
κνκ

∗
ν

)
+ 2<

(
κνκ

†
ν

)
+ 2<

(
κTν κ

∗
ν

)
+ 2<

(
κTν κ

†
ν

)))
− 4vd

(
2µ
(
κ∗ν,o11 + κ∗ν,p11

)
+ µ∗

(
κν + κTν + κν,o11 + κν,p11

))))
(112)
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This matrix is diagonalized by ZR:
ZRm2

νRZ
R,† = mdia

2,νR (113)

with

phiL
(
{gt1}

)
=
∑
j

ZR,∗ji νRj (114)

• Mass matrix for Higgs, Basis: (φd, φu) , (φd, φu)

m2
h =

 1
8

(
g2

1 + g2
2

)(
3v2
d − v2

u

)
+m2

Hd
+ |µ|2 − 1

4

(
g2

1 + g2
2

)
vdvu −<

(
Bµ

)
− 1

4

(
g2

1 + g2
2

)
vdvu −<

(
Bµ

)
− 1

8

(
g2

1 + g2
2

)(
− 3v2

u + v2
d

)
+m2

Hu
+ |µ|2

 (115)

This matrix is diagonalized by ZH :
ZHm2

hZ
H,† = mdia

2,h (116)

with

φd =
∑
j

ZHj1hj , φu =
∑
j

ZHj2hj (117)

• Mass matrix for Pseudo-Scalar Higgs, Basis: (σd, σu) , (σd, σu)

m2
A0 =

 1
8

(
g2

1 + g2
2

)(
− v2

u + v2
d

)
+m2

Hd
+ |µ|2 <

(
Bµ

)
<
(
Bµ

)
− 1

8

(
g2

1 + g2
2

)(
− v2

u + v2
d

)
+m2

Hu
+ |µ|2

+ ξZm
2(Z)

(118)
Gauge fixing contributions:

m2(ξZ) =

 1
4v

2
d

(
g1 sin ΘW + g2 cos ΘW

)2

− 1
4vdvu

(
g1 sin ΘW + g2 cos ΘW

)2

− 1
4vdvu

(
g1 sin ΘW + g2 cos ΘW

)2
1
4v

2
u

(
g1 sin ΘW + g2 cos ΘW

)2

 (119)

This matrix is diagonalized by ZA:
ZAm2

A0ZA,† = mdia
2,A0 (120)

with

σd =
∑
j

ZAj1A
0
j , σu =

∑
j

ZAj2A
0
j (121)

• Mass matrix for Charged Higgs, Basis:
(
H−d , H

+,∗
u

)
,
(
H−,∗d , H+

u

)
m2
H− =

(
mH−

d H
−,∗
d

1
4g

2
2vdvu +B∗µ

1
4g

2
2vdvu +Bµ mH+,∗

u H+
u

)
+ ξW−m2(W−) (122)
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mH−
d H

−,∗
d

=
1

8

(
g2

1

(
− v2

u + v2
d

)
+ g2

2

(
v2
d + v2

u

))
+m2

Hd
+ |µ|2 (123)

mH+,∗
u H+

u
=

1

8

(
g2

1

(
− v2

d + v2
u

)
+ g2

2

(
v2
d + v2

u

))
+m2

Hu + |µ|2 (124)

Gauge fixing contributions:

m2(ξW−) =

(
1
4g

2
2v

2
d − 1

4g
2
2vdvu

− 1
4g

2
2vdvu

1
4g

2
2v

2
u

)
(125)

This matrix is diagonalized by Z+:
Z+m2

H−Z+,† = mdia
2,H− (126)

with

H−d =
∑
j

Z+
j1H

−
j , H+

u =
∑
j

Z+
j2H

+
j (127)

4.2.2 Mass Matrices for Fermions

• Mass matrix for Neutralinos, Basis:
(
λB̃ , W̃

0, H̃0
d , H̃

0
u

)
,
(
λB̃ , W̃

0, H̃0
d , H̃

0
u

)

mχ̃0 =


M1 0 − 1

2g1vd
1
2g1vu

0 M2
1
2g2vd − 1

2g2vu

− 1
2g1vd

1
2g2vd 0 −µ

1
2g1vu − 1

2g2vu −µ 0

 (128)

This matrix is diagonalized by N :
N∗mχ̃0N† = mdia

χ̃0 (129)

with

λB̃ =
∑
j

N∗j1λ
0
j , W̃ 0 =

∑
j

N∗j2λ
0
j , H̃0

d =
∑
j

N∗j3λ
0
j (130)

H̃0
u =

∑
j

N∗j4λ
0
j (131)

• Mass matrix for Neutrinos, Basis: (νL) , (νL)

mν =
(

1
4v

2
u

(
κν + κTν

) )
(132)

This matrix is diagonalized by UV :
UV,∗mνU

V,† = mdia
ν (133)

with

νL,i =
∑
j

UV,∗ji νM,j (134)
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• Mass matrix for Charginos, Basis:
(
W̃−, H̃−d

)
,
(
W̃+, H̃+

u

)

mχ̃− =

(
M2

1√
2
g2vu

1√
2
g2vd µ

)
(135)

This matrix is diagonalized by U and V
U∗mχ̃−V † = mdia

χ̃− (136)

with

W̃− =
∑
t2

U∗j1λ
−
j , H̃−d =

∑
t2

U∗j2λ
−
j (137)

W̃+ =
∑
t2

V ∗1jλ
+
j , H̃+

u =
∑
t2

V ∗2jλ
+
j (138)

• Mass matrix for Leptons, Basis: (eL) , (e∗R)

me =
(

1√
2
vdY

T
e

)
(139)

This matrix is diagonalized by UeL and UeR

Ue,∗L meU
e,†
R = mdia

e (140)

with

eL,i =
∑
t2

Ue,∗L,jiEL,j (141)

eR,i =
∑
t2

UeR,ijE
∗
R,j (142)

• Mass matrix for Down-Quarks, Basis: (dL,α1
) ,
(
d∗R,β1

)
md =

(
1√
2
vdδα1β1Y

T
d

)
(143)

This matrix is diagonalized by UdL and UdR

Ud,∗L mdU
d,†
R = mdia

d (144)

with

dL,iα =
∑
t2

Ud,∗L,jiDL,jα (145)

dR,iα =
∑
t2

UdR,ijD
∗
R,jα (146)
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• Mass matrix for Up-Quarks, Basis: (uL,α1
) ,
(
u∗R,β1

)
mu =

(
1√
2
vuδα1β1Y

T
u

)
(147)

This matrix is diagonalized by UuL and UuR

Uu,∗L muU
u,†
R = mdia

u (148)

with

uL,iα =
∑
t2

Uu,∗L,jiUL,jα (149)

uR,iα =
∑
t2

UuR,ijU
∗
R,jα (150)

5 Vacuum Expectation Values

H0
d =

1√
2
φd +

1√
2
vd + i

1√
2
σd (151)

H0
u =

1√
2
φu +

1√
2
vu + i

1√
2
σu (152)

ν̃L =
1√
2
phiL + i

1√
2
sigmaL (153)

6 Tadpole Equations

∂V

∂φd
= −1

2
vu

(
Bµ +B∗µ

)
+

1

8

(
g2

1 + g2
2

)
vd

(
− vu + vd

)(
vd + vu

)
+ vd

(
m2
Hd

+ |µ|2
)

(154)

∂V

∂φu
=

1

8

(
g2

1 + g2
2

)
vu

(
− v2

d + v2
u

)
− vd<

(
Bµ

)
+ vu

(
m2
Hu + |µ|2

)
(155)

∂V

∂phiLi
= 0 (156)

7 Particle content for eigenstates ’EWSB’

Name Type complex/real Generations Indices

d̃ Scalar complex 6 generation, 6, color, 3
ũ Scalar complex 6 generation, 6, color, 3
ẽ Scalar complex 6 generation, 6
νI Scalar real 3 generation, 3
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νR Scalar real 3 generation, 3
h Scalar real 2 generation, 2
A0 Scalar real 2 generation, 2
H− Scalar complex 2 generation, 2

g̃ Fermion Majorana 1 color, 8
χ̃0 Fermion Majorana 4 generation, 4
ν Fermion Majorana 3 generation, 3
χ̃− Fermion Dirac 2 generation, 2
e Fermion Dirac 3 generation, 3
d Fermion Dirac 3 generation, 3, color, 3
u Fermion Dirac 3 generation, 3, color, 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 Down-Squarks (d̃)

Πi,j(p
2) = +4Γ ˇ̃

di,
ˇ̃
d∗j ,W

+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γ ˇ̃

di,
ˇ̃
d∗j ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
− 1

2

2∑
a=1

A0

(
m2
A0
a

)
Γ ˇ̃
di,

ˇ̃
d∗j ,A

0
a,A

0
a

−
2∑
a=1

A0

(
m2
H−
a

)
Γ ˇ̃
di,

ˇ̃
d∗j ,H

+
a ,H

−
a

− 1

2

2∑
a=1

A0

(
m2
ha

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ha,ha

− 1

2

3∑
a=1

A0

(
m2
νia

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ν

i
a,ν

i
a

− 1

2

3∑
a=1

A0

(
m2
νRa

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ν

R
a ,ν

R
a
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− 2

3∑
a=1

mua

2∑
b=1

B0

(
p2,m2

ua ,m
2
χ̃−
b

)
mχ̃−

b

(
ΓL∗ˇ̃
d∗j ,ua,χ̃

−
b

ΓRˇ̃
d∗i ,ua,χ̃

−
b

+ ΓR∗ˇ̃
d∗j ,ua,χ̃

−
b

ΓLˇ̃
d∗i ,ua,χ̃

−
b

)
+

3∑
a=1

2∑
b=1

G0

(
p2,m2

ua ,m
2
χ̃−
b

)(
ΓL∗ˇ̃
d∗j ,ua,χ̃

−
b

ΓLˇ̃
d∗i ,ua,χ̃

−
b

+ ΓR∗ˇ̃
d∗j ,ua,χ̃

−
b

ΓRˇ̃
d∗i ,ua,χ̃

−
b

)
− 2

3∑
a=1

mda

4∑
b=1

B0

(
p2,m2

da ,m
2
χ̃0
b

)
mχ̃0

b

(
ΓL∗ˇ̃
d∗j ,da,χ̃

0
b

ΓRˇ̃
d∗i ,da,χ̃

0
b

+ ΓR∗ˇ̃
d∗j ,da,χ̃

0
b

ΓLˇ̃
d∗i ,da,χ̃

0
b

)
+

3∑
a=1

4∑
b=1

G0

(
p2,m2

da ,m
2
χ̃0
b

)(
ΓL∗ˇ̃
d∗j ,da,χ̃

0
b

ΓLˇ̃
d∗i ,da,χ̃

0
b

+ ΓR∗ˇ̃
d∗j ,da,χ̃

0
b

ΓRˇ̃
d∗i ,da,χ̃

0
b

)
− C

6∑
a=1

A0

(
m2
d̃a

)
Γ ˇ̃
di,

ˇ̃
d∗j ,d̃

∗
a,d̃a
−

6∑
a=1

A0

(
m2
ẽa

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ẽ

∗
a,ẽa

− C
6∑
a=1

A0

(
m2
ũa

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ũ

∗
a,ũa

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

d̃a
,m2

A0
b

)
Γ∗ˇ̃
d∗j ,d̃a,A

0
b

Γ ˇ̃
d∗i ,d̃a,A

0
b

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

d̃a
,m2

hb

)
Γ∗ˇ̃
d∗j ,d̃a,hb

Γ ˇ̃
d∗i ,d̃a,hb

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

ũa ,m
2
H−
b

)
Γ∗ˇ̃
d∗j ,ũa,H

−
b

Γ ˇ̃
d∗i ,ũa,H

−
b

− 8

3
mg̃

3∑
b=1

B0

(
p2,m2

g̃,m
2
db

)
mdb

(
ΓL∗ˇ̃
d∗j ,g̃1,db

ΓRˇ̃
d∗i ,g̃1,db

+ ΓR∗ˇ̃
d∗j ,g̃1,db

ΓLˇ̃
d∗i ,g̃1,db

)
+

4

3

3∑
b=1

G0

(
p2,m2

g̃,m
2
db

)(
ΓL∗ˇ̃
d∗j ,g̃1,db

ΓLˇ̃
d∗i ,g̃1,db

+ ΓR∗ˇ̃
d∗j ,g̃1,db

ΓRˇ̃
d∗i ,g̃1,db

)
+

4

3

6∑
b=1

Γ∗ˇ̃
d∗j ,g,d̃b

Γ ˇ̃
d∗i ,g,d̃b

F0

(
p2,m2

d̃b
, 0
)

+

6∑
b=1

Γ∗ˇ̃
d∗j ,γ,d̃b

Γ ˇ̃
d∗i ,γ,d̃b

F0

(
p2,m2

d̃b
, 0
)

+

6∑
b=1

Γ∗ˇ̃
d∗j ,Z,d̃b

Γ ˇ̃
d∗i ,Z,d̃b

F0

(
p2,m2

d̃b
,m2

Z

)
+

6∑
b=1

Γ∗ˇ̃
d∗j ,W

−,ũb
Γ ˇ̃
d∗i ,W

−,ũb
F0

(
p2,m2

ũb
,m2

W−

)
(157)

• Self-Energy for Up-Squarks (ũ)

Πi,j(p
2) = +4Γˇ̃ui,ˇ̃u∗

j ,W
+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γˇ̃ui,ˇ̃u∗

j ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
− 1

2

2∑
a=1

A0

(
m2
A0
a

)
Γˇ̃ui,ˇ̃u∗

j ,A
0
a,A

0
a
−

2∑
a=1

A0

(
m2
H−
a

)
Γˇ̃ui,ˇ̃u∗

j ,H
+
a ,H

−
a

− 1

2

2∑
a=1

A0

(
m2
ha

)
Γˇ̃ui,ˇ̃u∗

j ,ha,ha

− 2

2∑
a=1

mχ̃−
a

3∑
b=1

B0

(
p2,m2

χ̃−
a
,m2

db

)
mdb

(
ΓL∗ˇ̃u∗

j ,χ̃
+
a ,db

ΓRˇ̃u∗
i ,χ̃

+
a ,db

+ ΓR∗ˇ̃u∗
j ,χ̃

+
a ,db

ΓLˇ̃u∗
i ,χ̃

+
a ,db

)
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+

2∑
a=1

3∑
b=1

G0

(
p2,m2

χ̃−
a
,m2

db

)(
ΓL∗ˇ̃u∗

j ,χ̃
+
a ,db

ΓLˇ̃u∗
i ,χ̃

+
a ,db

+ ΓR∗ˇ̃u∗
j ,χ̃

+
a ,db

ΓRˇ̃u∗
i ,χ̃

+
a ,db

)
+

2∑
a=1

6∑
b=1

B0

(
p2,m2

H−
a
,m2

d̃b

)
Γ∗ˇ̃u∗

j ,H
+
a ,d̃b

Γˇ̃u∗
i ,H

+
a ,d̃b
− 1

2

3∑
a=1

A0

(
m2
νia

)
Γˇ̃ui,ˇ̃u∗

j ,ν
i
a,ν

i
a

− 1

2

3∑
a=1

A0

(
m2
νRa

)
Γˇ̃ui,ˇ̃u∗

j ,ν
R
a ,ν

R
a

− 2

3∑
a=1

mua

4∑
b=1

B0

(
p2,m2

ua ,m
2
χ̃0
b

)
mχ̃0

b

(
ΓL∗ˇ̃u∗

j ,ua,χ̃
0
b
ΓRˇ̃u∗

i ,ua,χ̃
0
b

+ ΓR∗ˇ̃u∗
j ,ua,χ̃

0
b
ΓLˇ̃u∗

i ,ua,χ̃
0
b

)
+

3∑
a=1

4∑
b=1

G0

(
p2,m2

ua ,m
2
χ̃0
b

)(
ΓL∗ˇ̃u∗

j ,ua,χ̃
0
b
ΓLˇ̃u∗

i ,ua,χ̃
0
b

+ ΓR∗ˇ̃u∗
j ,ua,χ̃

0
b
ΓRˇ̃u∗

i ,ua,χ̃
0
b

)
− C

6∑
a=1

A0

(
m2
d̃a

)
Γˇ̃ui,ˇ̃u∗

j ,d̃
∗
a,d̃a
−

6∑
a=1

A0

(
m2
ẽa

)
Γˇ̃ui,ˇ̃u∗

j ,ẽ
∗
a,ẽa

− C
6∑
a=1

A0

(
m2
ũa

)
Γˇ̃ui,ˇ̃u∗

j ,ũ
∗
a,ũa

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

ũa ,m
2
A0
b

)
Γ∗ˇ̃u∗

j ,ũa,A
0
b
Γˇ̃u∗

i ,ũa,A
0
b

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

ũa ,m
2
hb

)
Γ∗ˇ̃u∗

j ,ũa,hb
Γˇ̃u∗

i ,ũa,hb

− 8

3
mg̃

3∑
b=1

B0

(
p2,m2

g̃,m
2
ub

)
mub

(
ΓL∗ˇ̃u∗

j ,g̃1,ub
ΓRˇ̃u∗

i ,g̃1,ub
+ ΓR∗ˇ̃u∗

j ,g̃1,ub
ΓLˇ̃u∗

i ,g̃1,ub

)
+

4

3

3∑
b=1

G0

(
p2,m2

g̃,m
2
ub

)(
ΓL∗ˇ̃u∗

j ,g̃1,ub
ΓLˇ̃u∗

i ,g̃1,ub
+ ΓR∗ˇ̃u∗

j ,g̃1,ub
ΓRˇ̃u∗

i ,g̃1,ub

)
+

6∑
b=1

Γ∗ˇ̃u∗
j ,W

+,d̃b
Γˇ̃u∗

i ,W
+,d̃b

F0

(
p2,m2

d̃b
,m2

W−

)
+

4

3

6∑
b=1

Γ∗ˇ̃u∗
j ,g,ũb

Γˇ̃u∗
i ,g,ũb

F0

(
p2,m2

ũb
, 0
)

+

6∑
b=1

Γ∗ˇ̃u∗
j ,γ,ũb

Γˇ̃u∗
i ,γ,ũb

F0

(
p2,m2

ũb
, 0
)

+

6∑
b=1

Γ∗ˇ̃u∗
j ,Z,ũb

Γˇ̃u∗
i ,Z,ũb

F0

(
p2,m2

ũb
,m2

Z

)
(158)

• Self-Energy for Sleptons (ẽ)

Πi,j(p
2) = +4Γˇ̃ei,ˇ̃e∗j ,W

+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γˇ̃ei,ˇ̃e∗j ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
− 1

2

2∑
a=1

A0

(
m2
A0
a

)
Γˇ̃ei,ˇ̃e∗j ,A

0
a,A

0
a
−

2∑
a=1

A0

(
m2
H−
a

)
Γˇ̃ei,ˇ̃e∗j ,H

+
a ,H

−
a

− 1

2

2∑
a=1

A0

(
m2
ha

)
Γˇ̃ei,ˇ̃e∗j ,ha,ha

− 1

2

3∑
a=1

A0

(
m2
νia

)
Γˇ̃ei,ˇ̃e∗j ,ν

i
a,ν

i
a
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− 1

2

3∑
a=1

A0

(
m2
νRa

)
Γˇ̃ei,ˇ̃e∗j ,ν

R
a ,ν

R
a

+

3∑
a=1

2∑
b=1

B0

(
p2,m2

νia
,m2

H−
b

)
Γ∗ˇ̃e∗j ,νia,H

−
b

Γˇ̃e∗i ,ν
i
a,H

−
b

+

3∑
a=1

2∑
b=1

B0

(
p2,m2

νRa
,m2

H−
b

)
Γ∗ˇ̃e∗j ,νRa ,H

−
b

Γˇ̃e∗i ,ν
R
a ,H

−
b

− 2

3∑
a=1

mνa

2∑
b=1

B0

(
p2,m2

νa ,m
2
χ̃−
b

)
mχ̃−

b

(
ΓL∗ˇ̃e∗j ,νa,χ̃

−
b

ΓRˇ̃e∗i ,νa,χ̃
−
b

+ ΓR∗ˇ̃e∗j ,νa,χ̃
−
b

ΓLˇ̃e∗i ,νa,χ̃
−
b

)
+

3∑
a=1

2∑
b=1

G0

(
p2,m2

νa ,m
2
χ̃−
b

)(
ΓL∗ˇ̃e∗j ,νa,χ̃

−
b

ΓLˇ̃e∗i ,νa,χ̃
−
b

+ ΓR∗ˇ̃e∗j ,νa,χ̃
−
b

ΓRˇ̃e∗i ,νa,χ̃
−
b

)
− 2

3∑
a=1

mea

4∑
b=1

B0

(
p2,m2

ea ,m
2
χ̃0
b

)
mχ̃0

b

(
ΓL∗ˇ̃e∗j ,ea,χ̃

0
b
ΓRˇ̃e∗i ,ea,χ̃0

b
+ ΓR∗ˇ̃e∗j ,ea,χ̃

0
b
ΓLˇ̃e∗i ,ea,χ̃0

b

)
+

3∑
a=1

4∑
b=1

G0

(
p2,m2

ea ,m
2
χ̃0
b

)(
ΓL∗ˇ̃e∗j ,ea,χ̃

0
b
ΓLˇ̃e∗i ,ea,χ̃0

b
+ ΓR∗ˇ̃e∗j ,ea,χ̃

0
b
ΓRˇ̃e∗i ,ea,χ̃0

b

)
− 3

6∑
a=1

A0

(
m2
d̃a

)
Γˇ̃ei,ˇ̃e∗j ,d̃

∗
a,d̃a
−

6∑
a=1

A0

(
m2
ẽa

)
Γˇ̃ei,ˇ̃e∗j ,ẽ

∗
a,ẽa

− 3

6∑
a=1

A0

(
m2
ũa

)
Γˇ̃ei,ˇ̃e∗j ,ũ

∗
a,ũa

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

ẽa ,m
2
A0
b

)
Γ∗ˇ̃e∗j ,ẽa,A0

b
Γˇ̃e∗i ,ẽa,A

0
b

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

ẽa ,m
2
hb

)
Γ∗ˇ̃e∗j ,ẽa,hb

Γˇ̃e∗i ,ẽa,hb
+

3∑
b=1

Γ∗ˇ̃e∗j ,W−,νib
Γˇ̃e∗i ,W

−,νib
F0

(
p2,m2

νib
,m2

W−

)
+

3∑
b=1

Γ∗ˇ̃e∗j ,W−,νRb
Γˇ̃e∗i ,W

−,νRb
F0

(
p2,m2

νRb
,m2

W−

)
+

6∑
b=1

Γ∗ˇ̃e∗j ,γ,ẽb
Γˇ̃e∗i ,γ,ẽb

F0

(
p2,m2

ẽb
, 0
)

+

6∑
b=1

Γ∗ˇ̃e∗j ,Z,ẽb
Γˇ̃e∗i ,Z,ẽb

F0

(
p2,m2

ẽb
,m2

Z

)
(159)

• Self-Energy for CP-odd Sneutrino (νi)

Πi,j(p
2) = +4Γν̌ii ,ν̌ij ,W+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γν̌ii ,ν̌ij ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
− 1

2

2∑
a=1

A0

(
m2
A0
a

)
Γν̌ii ,ν̌ij ,A0

a,A
0
a
−

2∑
a=1

A0

(
m2
H−
a

)
Γν̌ii ,ν̌ij ,H

+
a ,H

−
a

− 1

2

2∑
a=1

A0

(
m2
ha

)
Γν̌ii ,ν̌ij ,ha,ha −

1

2

3∑
a=1

A0

(
m2
νia

)
Γν̌ii ,ν̌ij ,νia,νia

− 1

2

3∑
a=1

A0

(
m2
νRa

)
Γν̌ii ,ν̌ij ,νRa ,νRa +

3∑
a=1

2∑
b=1

B0

(
p2,m2

νia
,m2

A0
b

)
Γ∗ν̌ij ,νia,A0

b
Γν̌ii ,νia,A0

b
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+

3∑
a=1

2∑
b=1

B0

(
p2,m2

νia
,m2

hb

)
Γ∗ν̌ij ,νia,hb

Γν̌ii ,νia,hb

+

3∑
a=1

2∑
b=1

B0

(
p2,m2

νRa
,m2

A0
b

)
Γ∗ν̌ij ,νRa ,A0

b
Γν̌ii ,νRa ,A0

b

+

3∑
a=1

2∑
b=1

B0

(
p2,m2

νRa
,m2

hb

)
Γ∗ν̌ij ,νRa ,hb

Γν̌ii ,νRa ,hb

− 4

3∑
a=1

mea

2∑
b=1

B0

(
p2,m2

ea ,m
2
χ̃−
b

)
mχ̃−

b

(
ΓL∗
ν̌ij ,ēa,χ̃

−
b

ΓR
ν̌ii ,ēa,χ̃

−
b

+ ΓR∗
ν̌ij ,ēa,χ̃

−
b

ΓL
ν̌ii ,ēa,χ̃

−
b

)
+ 2

3∑
a=1

2∑
b=1

G0

(
p2,m2

ea ,m
2
χ̃−
b

)(
ΓL∗
ν̌ij ,ēa,χ̃

−
b

ΓL
ν̌ii ,ēa,χ̃

−
b

+ ΓR∗
ν̌ij ,ēa,χ̃

−
b

ΓR
ν̌ii ,ēa,χ̃

−
b

)
− 2

3∑
a=1

mνa

4∑
b=1

B0

(
p2,m2

νa ,m
2
χ̃0
b

)
mχ̃0

b

(
ΓL∗ν̌ij ,νa,χ̃0

b
ΓRν̌ii ,νa,χ̃0

b
+ ΓR∗ν̌ij ,νa,χ̃0

b
ΓLν̌ii ,νa,χ̃0

b

)
+

3∑
a=1

4∑
b=1

G0

(
p2,m2

νa ,m
2
χ̃0
b

)(
ΓL∗ν̌ij ,νa,χ̃0

b
ΓLν̌ii ,νa,χ̃0

b
+ ΓR∗ν̌ij ,νa,χ̃0

b
ΓRν̌ii ,νa,χ̃0

b

)
− 3

6∑
a=1

A0

(
m2
d̃a

)
Γν̌ii ,ν̌ij ,d̃∗a,d̃a

−
6∑
a=1

A0

(
m2
ẽa

)
Γν̌ii ,ν̌ij ,ẽ∗a,ẽa

− 3

6∑
a=1

A0

(
m2
ũa

)
Γν̌ii ,ν̌ij ,ũ∗

a,ũa
+ 2

6∑
a=1

2∑
b=1

B0

(
p2,m2

ẽa ,m
2
H−
b

)
Γ∗
ν̌ij ,ẽ

∗
a,H

−
b

Γν̌ii ,ẽ∗a,H
−
b

+

3∑
b=1

Γ∗ν̌ij ,Z,νRb
Γν̌ii ,Z,νRb F0

(
p2,m2

νRb
,m2

Z

)
+ 2

6∑
b=1

Γ∗ν̌ij ,W+,ẽb
Γν̌ii ,W+,ẽbF0

(
p2,m2

ẽb
,m2

W−

)
(160)

• Self-Energy for CP-even Sneutrino (νR)

Πi,j(p
2) = +4Γν̌Ri ,ν̌Rj ,W+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γν̌Ri ,ν̌Rj ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
− 1

2

2∑
a=1

A0

(
m2
A0
a

)
Γν̌Ri ,ν̌Rj ,A0

a,A
0
a
−

2∑
a=1

A0

(
m2
H−
a

)
Γν̌Ri ,ν̌Rj ,H

+
a ,H

−
a

− 1

2

2∑
a=1

A0

(
m2
ha

)
Γν̌Ri ,ν̌Rj ,ha,ha −

1

2

3∑
a=1

A0

(
m2
νia

)
Γν̌Ri ,ν̌Rj ,νia,νia

− 1

2

3∑
a=1

A0

(
m2
νRa

)
Γν̌Ri ,ν̌Rj ,νRa ,νRa +

3∑
a=1

2∑
b=1

B0

(
p2,m2

νia
,m2

A0
b

)
Γ∗ν̌Rj ,νia,A0

b
Γν̌Ri ,νia,A0

b

+

3∑
a=1

2∑
b=1

B0

(
p2,m2

νia
,m2

hb

)
Γ∗ν̌Rj ,νia,hb

Γν̌Ri ,νia,hb
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+

3∑
a=1

2∑
b=1

B0

(
p2,m2

νRa
,m2

A0
b

)
Γ∗ν̌Rj ,νRa ,A0

b
Γν̌Ri ,νRa ,A0

b

+

3∑
a=1

2∑
b=1

B0

(
p2,m2

νRa
,m2

hb

)
Γ∗ν̌Rj ,νRa ,hb

Γν̌Ri ,νRa ,hb

− 4

3∑
a=1

mea

2∑
b=1

B0

(
p2,m2

ea ,m
2
χ̃−
b

)
mχ̃−

b

(
ΓL∗
ν̌Rj ,ēa,χ̃

−
b

ΓR
ν̌Ri ,ēa,χ̃

−
b

+ ΓR∗
ν̌Rj ,ēa,χ̃

−
b

ΓL
ν̌Ri ,ēa,χ̃

−
b

)
+ 2

3∑
a=1

2∑
b=1

G0

(
p2,m2

ea ,m
2
χ̃−
b

)(
ΓL∗
ν̌Rj ,ēa,χ̃

−
b

ΓL
ν̌Ri ,ēa,χ̃

−
b

+ ΓR∗
ν̌Rj ,ēa,χ̃

−
b

ΓR
ν̌Ri ,ēa,χ̃

−
b

)
− 2

3∑
a=1

mνa

4∑
b=1

B0

(
p2,m2

νa ,m
2
χ̃0
b

)
mχ̃0

b

(
ΓL∗ν̌Rj ,νa,χ̃0

b
ΓRν̌Ri ,νa,χ̃0

b
+ ΓR∗ν̌Rj ,νa,χ̃0

b
ΓLν̌Ri ,νa,χ̃0

b

)
+

3∑
a=1

4∑
b=1

G0

(
p2,m2

νa ,m
2
χ̃0
b

)(
ΓL∗ν̌Rj ,νa,χ̃0

b
ΓLν̌Ri ,νa,χ̃0

b
+ ΓR∗ν̌Rj ,νa,χ̃0

b
ΓRν̌Ri ,νa,χ̃0

b

)
− 3

6∑
a=1

A0

(
m2
d̃a

)
Γν̌Ri ,ν̌Rj ,d̃∗a,d̃a

−
6∑
a=1

A0

(
m2
ẽa

)
Γν̌Ri ,ν̌Rj ,ẽ∗a,ẽa

− 3

6∑
a=1

A0

(
m2
ũa

)
Γν̌Ri ,ν̌Rj ,ũ∗

a,ũa
+ 2

6∑
a=1

2∑
b=1

B0

(
p2,m2

ẽa ,m
2
H−
b

)
Γ∗
ν̌Rj ,ẽ

∗
a,H

−
b

Γν̌Ri ,ẽ∗a,H
−
b

+

3∑
b=1

Γ∗ν̌Rj ,Z,νib
Γν̌Ri ,Z,νibF0

(
p2,m2

νib
,m2

Z

)
+ 2

6∑
b=1

Γ∗ν̌Rj ,W+,ẽb
Γν̌Ri ,W+,ẽbF0

(
p2,m2

ẽb
,m2

W−

)
(161)

• Self-Energy for Higgs (h)

Πi,j(p
2) = +2

(
− 1

2
rMS +B0

(
p2,m2

Z ,m
2
Z

))
Γ∗
ȟj ,Z,Z

Γȟi,Z,Z + 4
(
− 1

2
rMS +B0

(
p2,m2

W− ,m2
W−

))
Γ∗
ȟj ,W+,W−Γȟi,W+,W−

−B0

(
p2,m2

η− ,m
2
η−

)
Γȟi,η̄−,η−Γȟj ,η̄−,η− −B0

(
p2,m2

η+ ,m
2
η+

)
Γȟi,η̄+,η+Γȟj ,η̄+,η+

−B0

(
p2,m2

ηZ ,m
2
ηZ

)
Γȟi,η̄Z ,ηZΓȟj ,η̄Z ,ηZ + 4Γȟi,ȟj ,W+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γȟi,ȟj ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
− 1

2

2∑
a=1

A0

(
m2
A0
a

)
Γȟi,ȟj ,A0

a,A
0
a

−
2∑
a=1

A0

(
m2
H−
a

)
Γȟi,ȟj ,H+

a ,H
−
a
− 1

2

2∑
a=1

A0

(
m2
ha

)
Γȟi,ȟj ,ha,ha

+
1

2

2∑
a=1

2∑
b=1

B0

(
p2,m2

A0
a
,m2

A0
b

)
Γ∗
ȟj ,A0

a,A
0
b
Γȟi,A0

a,A
0
b

+
2∑
a=1

2∑
b=1

B0

(
p2,m2

H−
a
,m2

H−
b

)
Γ∗
ȟj ,H

+
a ,H

−
b

Γȟi,H+
a ,H

−
b
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+
1

2

2∑
a=1

2∑
b=1

B0

(
p2,m2

ha ,m
2
hb

)
Γ∗
ȟj ,ha,hb

Γȟi,ha,hb

− 2

2∑
a=1

mχ̃−
a

2∑
b=1

B0

(
p2,m2

χ̃−
a
,m2

χ̃−
b

)
mχ̃−

b

(
ΓL∗
ȟj ,χ̃

+
a ,χ̃

−
b

ΓR
ȟi,χ̃

+
a ,χ̃

−
b

+ ΓR∗
ȟj ,χ̃

+
a ,χ̃

−
b

ΓL
ȟi,χ̃

+
a ,χ̃

−
b

)
+

2∑
a=1

2∑
b=1

G0

(
p2,m2

χ̃−
a
,m2

χ̃−
b

)(
ΓL∗
ȟj ,χ̃

+
a ,χ̃

−
b

ΓL
ȟi,χ̃

+
a ,χ̃

−
b

+ ΓR∗
ȟj ,χ̃

+
a ,χ̃

−
b

ΓR
ȟi,χ̃

+
a ,χ̃

−
b

)
− 1

2

3∑
a=1

A0

(
m2
νia

)
Γȟi,ȟj ,νia,νia −

1

2

3∑
a=1

A0

(
m2
νRa

)
Γȟi,ȟj ,νRa ,νRa

+
1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

νia
,m2

νib

)
Γ∗
ȟj ,νia,ν

i
b
Γȟi,νia,νib

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

νRa
,m2

νib

)
Γ∗
ȟj ,νRa ,ν

i
b
Γȟi,νRa ,νib

+
1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

νRa
,m2

νRb

)
Γ∗
ȟj ,νRa ,ν

R
b

Γȟi,νRa ,νRb

− 6

3∑
a=1

mda

3∑
b=1

B0

(
p2,m2

da ,m
2
db

)
mdb

(
ΓL∗
ȟj ,d̄a,db

ΓR
ȟi,d̄a,db

+ ΓR∗
ȟj ,d̄a,db

ΓL
ȟi,d̄a,db

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

da ,m
2
db

)(
ΓL∗
ȟj ,d̄a,db

ΓL
ȟi,d̄a,db

+ ΓR∗
ȟj ,d̄a,db

ΓR
ȟi,d̄a,db

)
− 2

3∑
a=1

mea

3∑
b=1

B0

(
p2,m2

ea ,m
2
eb

)
meb

(
ΓL∗
ȟj ,ēa,eb

ΓR
ȟi,ēa,eb

+ ΓR∗
ȟj ,ēa,eb

ΓL
ȟi,ēa,eb

)
+

3∑
a=1

3∑
b=1

G0

(
p2,m2

ea ,m
2
eb

)(
ΓL∗
ȟj ,ēa,eb

ΓL
ȟi,ēa,eb

+ ΓR∗
ȟj ,ēa,eb

ΓR
ȟi,ēa,eb

)
− 6

3∑
a=1

mua

3∑
b=1

B0

(
p2,m2

ua ,m
2
ub

)
mub

(
ΓL∗
ȟj ,ūa,ub

ΓR
ȟi,ūa,ub

+ ΓR∗
ȟj ,ūa,ub

ΓL
ȟi,ūa,ub

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

ua ,m
2
ub

)(
ΓL∗
ȟj ,ūa,ub

ΓL
ȟi,ūa,ub

+ ΓR∗
ȟj ,ūa,ub

ΓR
ȟi,ūa,ub

)
−

3∑
a=1

mνa

3∑
b=1

B0

(
p2,m2

νa ,m
2
νb

)
mνb

(
ΓL∗
ȟj ,νa,νb

ΓR
ȟi,νa,νb

+ ΓR∗
ȟj ,νa,νb

ΓL
ȟi,νa,νb

)
+

1

2

3∑
a=1

3∑
b=1

G0

(
p2,m2

νa ,m
2
νb

)(
ΓL∗
ȟj ,νa,νb

ΓL
ȟi,νa,νb

+ ΓR∗
ȟj ,νa,νb

ΓR
ȟi,νa,νb

)
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−
4∑
a=1

mχ̃0
a

4∑
b=1

B0

(
p2,m2

χ̃0
a
,m2

χ̃0
b

)
mχ̃0

b

(
ΓL∗
ȟj ,χ̃0

a,χ̃
0
b
ΓR
ȟi,χ̃0

a,χ̃
0
b

+ ΓR∗
ȟj ,χ̃0

a,χ̃
0
b
ΓL
ȟi,χ̃0

a,χ̃
0
b

)
+

1

2

4∑
a=1

4∑
b=1

G0

(
p2,m2

χ̃0
a
,m2

χ̃0
b

)(
ΓL∗
ȟj ,χ̃0

a,χ̃
0
b
ΓL
ȟi,χ̃0

a,χ̃
0
b

+ ΓR∗
ȟj ,χ̃0

a,χ̃
0
b
ΓR
ȟi,χ̃0

a,χ̃
0
b

)
− 3

6∑
a=1

A0

(
m2
d̃a

)
Γȟi,ȟj ,d̃∗a,d̃a

−
6∑
a=1

A0

(
m2
ẽa

)
Γȟi,ȟj ,ẽ∗a,ẽa

− 3

6∑
a=1

A0

(
m2
ũa

)
Γȟi,ȟj ,ũ∗

a,ũa
+ 3

6∑
a=1

6∑
b=1

B0

(
p2,m2

d̃a
,m2

d̃b

)
Γ∗
ȟj ,d̃∗a,d̃b

Γȟi,d̃∗a,d̃b

+

6∑
a=1

6∑
b=1

B0

(
p2,m2

ẽa ,m
2
ẽb

)
Γ∗
ȟj ,ẽ∗a,ẽb

Γȟi,ẽ∗a,ẽb + 3

6∑
a=1

6∑
b=1

B0

(
p2,m2

ũa ,m
2
ũb

)
Γ∗
ȟj ,ũ∗

a,ũb
Γȟi,ũ∗

a,ũb

+

2∑
b=1

Γ∗
ȟj ,Z,A0

b
Γȟi,Z,A0

b
F0

(
p2,m2

A0
b
,m2

Z

)
+ 2

2∑
b=1

Γ∗
ȟj ,W+,H−

b

Γȟi,W+,H−
b
F0

(
p2,m2

H−
b

,m2
W−

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

Πi,j(p
2) = −B0

(
p2,m2

η− ,m
2
η−

)
ΓǍ0

i ,η̄
−,η−ΓǍ0

j ,η̄
−,η− −B0

(
p2,m2

η+ ,m
2
η+

)
ΓǍ0

i ,η̄
+,η+ΓǍ0

j ,η̄
+,η+

+ 4ΓǍ0
i ,Ǎ

0
j ,W

+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2ΓǍ0

i ,Ǎ
0
j ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
− 1

2

2∑
a=1

A0

(
m2
A0
a

)
ΓǍ0

i ,Ǎ
0
j ,A

0
a,A

0
a
−

2∑
a=1

A0

(
m2
H−
a

)
ΓǍ0

i ,Ǎ
0
j ,H

+
a ,H

−
a

− 1

2

2∑
a=1

A0

(
m2
ha

)
ΓǍ0

i ,Ǎ
0
j ,ha,ha

+

2∑
a=1

2∑
b=1

B0

(
p2,m2

H−
a
,m2

H−
b

)
Γ∗
Ǎ0
j ,H

+
a ,H

−
b

ΓǍ0
i ,H

+
a ,H

−
b

+

2∑
a=1

2∑
b=1

B0

(
p2,m2

ha ,m
2
A0
b

)
Γ∗
Ǎ0
j ,ha,A

0
b
ΓǍ0

i ,ha,A
0
b

− 2

2∑
a=1

mχ̃−
a

2∑
b=1

B0

(
p2,m2

χ̃−
a
,m2

χ̃−
b

)
mχ̃−

b

(
ΓL∗
Ǎ0
j ,χ̃

+
a ,χ̃

−
b

ΓR
Ǎ0
i ,χ̃

+
a ,χ̃

−
b

+ ΓR∗
Ǎ0
j ,χ̃

+
a ,χ̃

−
b

ΓL
Ǎ0
i ,χ̃

+
a ,χ̃

−
b

)
+

2∑
a=1

2∑
b=1

G0

(
p2,m2

χ̃−
a
,m2

χ̃−
b

)(
ΓL∗
Ǎ0
j ,χ̃

+
a ,χ̃

−
b

ΓL
Ǎ0
i ,χ̃

+
a ,χ̃

−
b

+ ΓR∗
Ǎ0
j ,χ̃

+
a ,χ̃

−
b

ΓR
Ǎ0
i ,χ̃

+
a ,χ̃

−
b

)
− 1

2

3∑
a=1

A0

(
m2
νia

)
ΓǍ0

i ,Ǎ
0
j ,ν

i
a,ν

i
a
− 1

2

3∑
a=1

A0

(
m2
νRa

)
ΓǍ0

i ,Ǎ
0
j ,ν

R
a ,ν

R
a

+
1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

νia
,m2

νib

)
Γ∗
Ǎ0
j ,ν

i
a,ν

i
b
ΓǍ0

i ,ν
i
a,ν

i
b
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+

3∑
a=1

3∑
b=1

B0

(
p2,m2

νRa
,m2

νib

)
Γ∗
Ǎ0
j ,ν

R
a ,ν

i
b
ΓǍ0

i ,ν
R
a ,ν

i
b

+
1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

νRa
,m2

νRb

)
Γ∗
Ǎ0
j ,ν

R
a ,ν

R
b

ΓǍ0
i ,ν

R
a ,ν

R
b

− 6

3∑
a=1

mda

3∑
b=1

B0

(
p2,m2

da ,m
2
db

)
mdb

(
ΓL∗
Ǎ0
j ,d̄a,db

ΓR
Ǎ0
i ,d̄a,db

+ ΓR∗
Ǎ0
j ,d̄a,db

ΓL
Ǎ0
i ,d̄a,db

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

da ,m
2
db

)(
ΓL∗
Ǎ0
j ,d̄a,db

ΓL
Ǎ0
i ,d̄a,db

+ ΓR∗
Ǎ0
j ,d̄a,db

ΓR
Ǎ0
i ,d̄a,db

)
− 2

3∑
a=1

mea

3∑
b=1

B0

(
p2,m2

ea ,m
2
eb

)
meb

(
ΓL∗
Ǎ0
j ,ēa,eb

ΓR
Ǎ0
i ,ēa,eb

+ ΓR∗
Ǎ0
j ,ēa,eb

ΓL
Ǎ0
i ,ēa,eb

)
+

3∑
a=1

3∑
b=1

G0

(
p2,m2

ea ,m
2
eb

)(
ΓL∗
Ǎ0
j ,ēa,eb

ΓL
Ǎ0
i ,ēa,eb

+ ΓR∗
Ǎ0
j ,ēa,eb

ΓR
Ǎ0
i ,ēa,eb

)
− 6

3∑
a=1

mua

3∑
b=1

B0

(
p2,m2

ua ,m
2
ub

)
mub

(
ΓL∗
Ǎ0
j ,ūa,ub

ΓR
Ǎ0
i ,ūa,ub

+ ΓR∗
Ǎ0
j ,ūa,ub

ΓL
Ǎ0
i ,ūa,ub

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

ua ,m
2
ub
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ΓL∗
Ǎ0
j ,ūa,ub

ΓL
Ǎ0
i ,ūa,ub

+ ΓR∗
Ǎ0
j ,ūa,ub

ΓR
Ǎ0
i ,ūa,ub

)
−

3∑
a=1

mνa

3∑
b=1

B0

(
p2,m2

νa ,m
2
νb

)
mνb

(
ΓL∗
Ǎ0
j ,νa,νb

ΓR
Ǎ0
i ,νa,νb

+ ΓR∗
Ǎ0
j ,νa,νb

ΓL
Ǎ0
i ,νa,νb

)
+

1

2

3∑
a=1

3∑
b=1

G0

(
p2,m2

νa ,m
2
νb

)(
ΓL∗
Ǎ0
j ,νa,νb

ΓL
Ǎ0
i ,νa,νb

+ ΓR∗
Ǎ0
j ,νa,νb

ΓR
Ǎ0
i ,νa,νb

)
−

4∑
a=1

mχ̃0
a

4∑
b=1

B0

(
p2,m2

χ̃0
a
,m2

χ̃0
b

)
mχ̃0

b

(
ΓL∗
Ǎ0
j ,χ̃

0
a,χ̃

0
b
ΓR
Ǎ0
i ,χ̃

0
a,χ̃

0
b

+ ΓR∗
Ǎ0
j ,χ̃

0
a,χ̃

0
b
ΓL
Ǎ0
i ,χ̃

0
a,χ̃

0
b

)
+

1

2

4∑
a=1

4∑
b=1

G0

(
p2,m2

χ̃0
a
,m2

χ̃0
b

)(
ΓL∗
Ǎ0
j ,χ̃

0
a,χ̃

0
b
ΓL
Ǎ0
i ,χ̃

0
a,χ̃

0
b

+ ΓR∗
Ǎ0
j ,χ̃

0
a,χ̃

0
b
ΓR
Ǎ0
i ,χ̃

0
a,χ̃

0
b

)
− 3

6∑
a=1

A0

(
m2
d̃a

)
ΓǍ0

i ,Ǎ
0
j ,d̃

∗
a,d̃a
−

6∑
a=1

A0

(
m2
ẽa

)
ΓǍ0

i ,Ǎ
0
j ,ẽ

∗
a,ẽa

− 3

6∑
a=1

A0

(
m2
ũa

)
ΓǍ0

i ,Ǎ
0
j ,ũ

∗
a,ũa

+ 3
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a=1

6∑
b=1
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(
p2,m2

d̃a
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d̃b
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Γ∗
Ǎ0
j ,d̃
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+
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j ,ẽ
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i ,ẽ
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+ 3

6∑
a=1

6∑
b=1

B0

(
p2,m2

ũa ,m
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ũb
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Γ∗
Ǎ0
j ,ũ
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ΓǍ0
i ,ũ
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a,ũb

+
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Γ∗
Ǎ0
j ,Z,hb
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p2,m2
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Ǎ0
j ,W

+,H−
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H−
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)
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• 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+
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−ΓȞ+
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2∑
a=1

A0

(
m2
A0
a

)
ΓȞ−

i ,Ȟ
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ΓȞ+
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+
j ,ν

i
a,ν

i
a

− 1

2

3∑
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Ȟ+
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+ ΓR∗
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j ,νa,eb

ΓR
Ȟ+
i ,νa,eb

+ ΓR∗
Ȟ+
j ,νa,eb

ΓL
Ȟ+
i ,νa,eb

)
+

3∑
a=1

3∑
b=1

G0

(
p2,m2

νa ,m
2
eb

)(
ΓL∗
Ȟ+
j ,νa,eb

ΓL
Ȟ+
i ,νa,eb

+ ΓR∗
Ȟ+
j ,νa,eb

ΓR
Ȟ+
i ,νa,eb

)
+

3∑
a=1

6∑
b=1

B0

(
p2,m2

νia
,m2

ẽb

)
Γ∗
Ȟ+
j ,ν

i
a,ẽb

ΓȞ+
i ,ν

i
a,ẽb

+

3∑
a=1

6∑
b=1

B0

(
p2,m2

νRa
,m2

ẽb

)
Γ∗
Ȟ+
j ,ν

R
a ,ẽb

ΓȞ+
i ,ν

R
a ,ẽb
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− 2

4∑
a=1

mχ̃0
a

2∑
b=1

B0

(
p2,m2

χ̃0
a
,m2

χ̃−
b

)
mχ̃−

b

(
ΓL∗
Ȟ+
j ,χ̃

0
a,χ̃

−
b

ΓR
Ȟ+
i ,χ̃

0
a,χ̃

−
b

+ ΓR∗
Ȟ+
j ,χ̃

0
a,χ̃

−
b

ΓL
Ȟ+
i ,χ̃

0
a,χ̃

−
b

)
+

4∑
a=1

2∑
b=1

G0

(
p2,m2

χ̃0
a
,m2

χ̃−
b

)(
ΓL∗
Ȟ+
j ,χ̃

0
a,χ̃

−
b

ΓL
Ȟ+
i ,χ̃

0
a,χ̃

−
b

+ ΓR∗
Ȟ+
j ,χ̃

0
a,χ̃

−
b

ΓR
Ȟ+
i ,χ̃

0
a,χ̃

−
b

)
− 3

6∑
a=1

A0

(
m2
d̃a

)
ΓȞ−

i ,Ȟ
+
j ,d̃

∗
a,d̃a
−

6∑
a=1

A0

(
m2
ẽa

)
ΓȞ−

i ,Ȟ
+
j ,ẽ

∗
a,ẽa

− 3

6∑
a=1

A0

(
m2
ũa

)
ΓȞ−

i ,Ȟ
+
j ,ũ

∗
a,ũa

+ 3

6∑
a=1

6∑
b=1

B0

(
p2,m2

ũa ,m
2
d̃b

)
Γ∗
Ȟ+
j ,ũ

∗
a,d̃b

ΓȞ+
i ,ũ

∗
a,d̃b

+

2∑
b=1

Γ∗
Ȟ+
j ,W

−,A0
b

ΓȞ+
i ,W

−,A0
b
F0

(
p2,m2

A0
b
,m2

W−

)
+

2∑
b=1

Γ∗
Ȟ+
j ,W

−,hb
ΓȞ+

i ,W
−,hb

F0

(
p2,m2

hb
,m2

W−

)
+

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

)
(164)

• Self-Energy for Neutralinos (χ̃0)

ΣSi,j(p
2) = +2

2∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−
b

,m2
H−
a

)
ΓL∗ˇ̃χ0

j ,H
+
a ,χ̃

−
b

mχ̃−
b

ΓRˇ̃χ0
i ,H

+
a ,χ̃

−
b

+

2∑
a=1

4∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

ha

)
ΓL∗ˇ̃χ0

j ,ha,χ̃
0
b
mχ̃0

b
ΓRˇ̃χ0

i ,ha,χ̃
0
b

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

νb
,m2

νia

)
ΓL∗ˇ̃χ0

j ,ν
i
a,νb

mνbΓ
R
ˇ̃χ0
i ,ν

i
a,νb

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

νb
,m2

νRa

)
ΓL∗ˇ̃χ0

j ,ν
R
a ,νb

mνbΓ
R
ˇ̃χ0
i ,ν

R
a ,νb

+

4∑
a=1

mχ̃0
a

2∑
b=1

B0

(
p2,m2

χ̃0
a
,m2

A0
b

)
ΓL∗ˇ̃χ0

j ,χ̃
0
a,A

0
b
ΓRˇ̃χ0

i ,χ̃
0
a,A

0
b

+ 6

6∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

d̃a

)
ΓL∗ˇ̃χ0

j ,d̃
∗
a,db

mdbΓ
R
ˇ̃χ0
i ,d̃

∗
a,db

+ 2

6∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

ẽa

)
ΓL∗ˇ̃χ0

j ,ẽ
∗
a,eb

mebΓ
R
ˇ̃χ0
i ,ẽ

∗
a,eb

+ 6

6∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

ũa

)
ΓL∗ˇ̃χ0

j ,ũ
∗
a,ub

mubΓ
R
ˇ̃χ0
i ,ũ

∗
a,ub

37



− 8

2∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃−
b

,m2
W−

))
ΓR∗ˇ̃χ0

j ,W
+,χ̃−

b

mχ̃−
b

ΓLˇ̃χ0
i ,W

+,χ̃−
b

− 4

4∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃0
b
,m2

Z

))
ΓR∗ˇ̃χ0

j ,Z,χ̃
0
b
mχ̃0

b
ΓLˇ̃χ0

i ,Z,χ̃
0
b

(165)

ΣRi,j(p
2) = −

2∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
H−
a

)
ΓR∗ˇ̃χ0

j ,H
+
a ,χ̃

−
b

ΓRˇ̃χ0
i ,H

+
a ,χ̃

−
b

− 1

2

2∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ha

)
ΓR∗ˇ̃χ0

j ,ha,χ̃
0
b
ΓRˇ̃χ0

i ,ha,χ̃
0
b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

νia

)
ΓR∗ˇ̃χ0

j ,ν
i
a,νb

ΓRˇ̃χ0
i ,ν

i
a,νb

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

νRa

)
ΓR∗ˇ̃χ0

j ,ν
R
a ,νb

ΓRˇ̃χ0
i ,ν

R
a ,νb

− 1

2

4∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃0
a
,m2

A0
b

)
ΓR∗ˇ̃χ0

j ,χ̃
0
a,A

0
b
ΓRˇ̃χ0

i ,χ̃
0
a,A

0
b

− 3

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

d̃a

)
ΓR∗ˇ̃χ0

j ,d̃
∗
a,db

ΓRˇ̃χ0
i ,d̃

∗
a,db

−
6∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ẽa

)
ΓR∗ˇ̃χ0

j ,ẽ
∗
a,eb

ΓRˇ̃χ0
i ,ẽ

∗
a,eb

− 3

6∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ũa

)
ΓR∗ˇ̃χ0

j ,ũ
∗
a,ub

ΓRˇ̃χ0
i ,ũ

∗
a,ub

− 2

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
W−

)
ΓL∗ˇ̃χ0

j ,W
+,χ̃−

b

ΓLˇ̃χ0
i ,W

+,χ̃−
b

−
4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z

)
ΓL∗ˇ̃χ0

j ,Z,χ̃
0
b
ΓLˇ̃χ0

i ,Z,χ̃
0
b

(166)

ΣLi,j(p
2) = −

2∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
H−
a

)
ΓL∗ˇ̃χ0

j ,H
+
a ,χ̃

−
b

ΓLˇ̃χ0
i ,H

+
a ,χ̃

−
b

− 1

2

2∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ha

)
ΓL∗ˇ̃χ0

j ,ha,χ̃
0
b
ΓLˇ̃χ0

i ,ha,χ̃
0
b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

νia

)
ΓL∗ˇ̃χ0

j ,ν
i
a,νb

ΓLˇ̃χ0
i ,ν

i
a,νb

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

νRa

)
ΓL∗ˇ̃χ0

j ,ν
R
a ,νb

ΓLˇ̃χ0
i ,ν

R
a ,νb
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− 1

2

4∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃0
a
,m2

A0
b

)
ΓL∗ˇ̃χ0

j ,χ̃
0
a,A

0
b
ΓLˇ̃χ0

i ,χ̃
0
a,A

0
b

− 3

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

d̃a

)
ΓL∗ˇ̃χ0

j ,d̃
∗
a,db

ΓLˇ̃χ0
i ,d̃

∗
a,db

−
6∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ẽa

)
ΓL∗ˇ̃χ0

j ,ẽ
∗
a,eb

ΓLˇ̃χ0
i ,ẽ

∗
a,eb

− 3

6∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ũa

)
ΓL∗ˇ̃χ0

j ,ũ
∗
a,ub

ΓLˇ̃χ0
i ,ũ

∗
a,ub

− 2

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
W−

)
ΓR∗ˇ̃χ0

j ,W
+,χ̃−

b

ΓRˇ̃χ0
i ,W

+,χ̃−
b

−
4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z

)
ΓR∗ˇ̃χ0

j ,Z,χ̃
0
b
ΓRˇ̃χ0

i ,Z,χ̃
0
b

(167)

• Self-Energy for Neutrinos (ν)

ΣSi,j(p
2) = +2

2∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

H−
a

)
ΓL∗
ν̌j ,H

+
a ,eb

mebΓ
R
ν̌i,H

+
a ,eb

+

2∑
a=1

3∑
b=1

B0

(
p2,m2

νb
,m2

ha

)
ΓL∗ν̌j ,ha,νbmνbΓ

R
ν̌i,ha,νb

+

3∑
a=1

mνa

2∑
b=1

B0

(
p2,m2

νa ,m
2
A0
b

)
ΓL∗ν̌j ,νa,A0

b
ΓRν̌i,νa,A0

b

+

3∑
a=1

4∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

νia

)
ΓL∗ν̌j ,νia,χ̃0

b
mχ̃0

b
ΓRν̌i,νia,χ̃0

b

+

3∑
a=1

4∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

νRa

)
ΓL∗ν̌j ,νRa ,χ̃0

b
mχ̃0

b
ΓRν̌i,νRa ,χ̃0

b

+ 2

6∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−
b

,m2
ẽa

)
ΓL∗
ν̌j ,ẽ∗a,χ̃

−
b

mχ̃−
b

ΓR
ν̌i,ẽ∗a,χ̃

−
b

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

νb
,m2

Z

))
ΓR∗ν̌j ,Z,νbmνbΓ

L
ν̌i,Z,νb

− 8

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

eb
,m2

W−

))
ΓR∗ν̌j ,W+,eb

mebΓ
L
ν̌i,W+,eb

(168)

ΣRi,j(p
2) = −

2∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

H−
a

)
ΓR∗
ν̌j ,H

+
a ,eb

ΓR
ν̌i,H

+
a ,eb
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− 1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

ha

)
ΓR∗ν̌j ,ha,νbΓ

R
ν̌i,ha,νb

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

νa ,m
2
A0
b

)
ΓR∗ν̌j ,νa,A0

b
ΓRν̌i,νa,A0

b

− 1

2

3∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

νia

)
ΓR∗ν̌j ,νia,χ̃0

b
ΓRν̌i,νia,χ̃0

b

− 1

2

3∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

νRa

)
ΓR∗ν̌j ,νRa ,χ̃0

b
ΓRν̌i,νRa ,χ̃0

b

−
6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ẽa

)
ΓR∗
ν̌j ,ẽ∗a,χ̃

−
b

ΓR
ν̌i,ẽ∗a,χ̃

−
b

−
3∑
b=1

B1

(
p2,m2

νb
,m2

Z

)
ΓL∗ν̌j ,Z,νbΓ

L
ν̌i,Z,νb

− 2

3∑
b=1

B1

(
p2,m2

eb
,m2

W−

)
ΓL∗ν̌j ,W+,eb

ΓLν̌i,W+,eb
(169)

ΣLi,j(p
2) = −

2∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

H−
a

)
ΓL∗
ν̌j ,H

+
a ,eb

ΓL
ν̌i,H

+
a ,eb

− 1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

ha

)
ΓL∗ν̌j ,ha,νbΓ

L
ν̌i,ha,νb

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

νa ,m
2
A0
b

)
ΓL∗ν̌j ,νa,A0

b
ΓLν̌i,νa,A0

b

− 1

2

3∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

νia

)
ΓL∗ν̌j ,νia,χ̃0

b
ΓLν̌i,νia,χ̃0

b

− 1

2

3∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

νRa

)
ΓL∗ν̌j ,νRa ,χ̃0

b
ΓLν̌i,νRa ,χ̃0

b

−
6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ẽa

)
ΓL∗
ν̌j ,ẽ∗a,χ̃

−
b

ΓL
ν̌i,ẽ∗a,χ̃

−
b

−
3∑
b=1

B1

(
p2,m2

νb
,m2

Z

)
ΓR∗ν̌j ,Z,νbΓ

R
ν̌i,Z,νb

− 2

3∑
b=1

B1

(
p2,m2

eb
,m2

W−

)
ΓR∗ν̌j ,W+,eb

ΓRν̌i,W+,eb
(170)

• Self-Energy for Charginos (χ̃−)

ΣSi,j(p
2) = +

2∑
a=1

mχ̃−
a

2∑
b=1

B0

(
p2,m2

χ̃−
a
,m2

A0
b

)
ΓL∗ˇ̃χ+

j ,χ̃
−
a ,A

0
b

ΓRˇ̃χ+
i ,χ̃

−
a ,A

0
b
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+

2∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−
b

,m2
ha

)
ΓL∗ˇ̃χ+

j ,ha,χ̃
−
b

mχ̃−
b

ΓRˇ̃χ+
i ,ha,χ̃

−
b

+

2∑
a=1

4∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

H−
a

)
ΓL∗ˇ̃χ+

j ,H
−
a ,χ̃

0
b

mχ̃0
b
ΓRˇ̃χ+

i ,H
−
a ,χ̃

0
b

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

νia

)
ΓL∗ˇ̃χ+

j ,ν
i
a,eb

mebΓ
R
ˇ̃χ+
i ,ν

i
a,eb

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

νRa

)
ΓL∗ˇ̃χ+

j ,ν
R
a ,eb

mebΓ
R
ˇ̃χ+
i ,ν

R
a ,eb

+ 3
3∑
a=1

mua

6∑
b=1

B0

(
p2,m2

ua ,m
2
d̃b

)
ΓL∗ˇ̃χ+

j ,ūa,d̃b
ΓRˇ̃χ+

i ,ūa,d̃b

+ 3

6∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

ũa

)
ΓL∗ˇ̃χ+

j ,ũ
∗
a,db

mdbΓ
R
ˇ̃χ+
i ,ũ

∗
a,db

+

6∑
a=1

3∑
b=1

B0

(
p2,m2

νb
,m2

ẽa

)
ΓL∗ˇ̃χ+

j ,ẽa,νb
mνbΓ

R
ˇ̃χ+
i ,ẽa,νb

− 4

2∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃−
b

, 0
))

ΓR∗ˇ̃χ+
j ,γ,χ̃

−
b

mχ̃−
b

ΓLˇ̃χ+
i ,γ,χ̃

−
b

− 4

2∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃−
b

,m2
Z

))
ΓR∗ˇ̃χ+

j ,Z,χ̃
−
b

mχ̃−
b

ΓLˇ̃χ+
i ,Z,χ̃

−
b

− 4

4∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃0
b
,m2

W−

))
ΓR∗ˇ̃χ+

j ,W
−,χ̃0

b

mχ̃0
b
ΓLˇ̃χ+

i ,W
−,χ̃0

b

(171)

ΣRi,j(p
2) = −1

2

2∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
a
,m2

A0
b

)
ΓR∗ˇ̃χ+

j ,χ̃
−
a ,A

0
b

ΓRˇ̃χ+
i ,χ̃

−
a ,A

0
b

− 1

2

2∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ha

)
ΓR∗ˇ̃χ+

j ,ha,χ̃
−
b

ΓRˇ̃χ+
i ,ha,χ̃

−
b

− 1

2

2∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

H−
a

)
ΓR∗ˇ̃χ+

j ,H
−
a ,χ̃

0
b

ΓRˇ̃χ+
i ,H

−
a ,χ̃

0
b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

νia

)
ΓR∗ˇ̃χ+

j ,ν
i
a,eb

ΓRˇ̃χ+
i ,ν

i
a,eb

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

νRa

)
ΓR∗ˇ̃χ+

j ,ν
R
a ,eb

ΓRˇ̃χ+
i ,ν

R
a ,eb
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− 3

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

ua ,m
2
d̃b

)
ΓR∗ˇ̃χ+

j ,ūa,d̃b
ΓRˇ̃χ+

i ,ūa,d̃b

− 3

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ũa

)
ΓR∗ˇ̃χ+

j ,ũ
∗
a,db

ΓRˇ̃χ+
i ,ũ

∗
a,db

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

ẽa

)
ΓR∗ˇ̃χ+

j ,ẽa,νb
ΓRˇ̃χ+

i ,ẽa,νb
−

2∑
b=1

B1

(
p2,m2

χ̃−
b

, 0
)

ΓL∗ˇ̃χ+
j ,γ,χ̃

−
b

ΓLˇ̃χ+
i ,γ,χ̃

−
b

−
2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
Z

)
ΓL∗ˇ̃χ+

j ,Z,χ̃
−
b

ΓLˇ̃χ+
i ,Z,χ̃

−
b

−
4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

W−

)
ΓL∗ˇ̃χ+

j ,W
−,χ̃0

b

ΓLˇ̃χ+
i ,W

−,χ̃0
b

(172)

ΣLi,j(p
2) = −1

2

2∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
a
,m2

A0
b

)
ΓL∗ˇ̃χ+

j ,χ̃
−
a ,A

0
b

ΓLˇ̃χ+
i ,χ̃

−
a ,A

0
b

− 1

2

2∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ha

)
ΓL∗ˇ̃χ+

j ,ha,χ̃
−
b

ΓLˇ̃χ+
i ,ha,χ̃

−
b

− 1

2

2∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

H−
a

)
ΓL∗ˇ̃χ+

j ,H
−
a ,χ̃

0
b

ΓLˇ̃χ+
i ,H

−
a ,χ̃

0
b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

νia

)
ΓL∗ˇ̃χ+

j ,ν
i
a,eb

ΓLˇ̃χ+
i ,ν

i
a,eb

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

νRa

)
ΓL∗ˇ̃χ+

j ,ν
R
a ,eb

ΓLˇ̃χ+
i ,ν

R
a ,eb

− 3

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

ua ,m
2
d̃b

)
ΓL∗ˇ̃χ+

j ,ūa,d̃b
ΓLˇ̃χ+

i ,ūa,d̃b

− 3

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ũa

)
ΓL∗ˇ̃χ+

j ,ũ
∗
a,db

ΓLˇ̃χ+
i ,ũ

∗
a,db

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

ẽa

)
ΓL∗ˇ̃χ+

j ,ẽa,νb
ΓLˇ̃χ+

i ,ẽa,νb
−

2∑
b=1

B1

(
p2,m2

χ̃−
b

, 0
)

ΓR∗ˇ̃χ+
j ,γ,χ̃

−
b

ΓRˇ̃χ+
i ,γ,χ̃

−
b

−
2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
Z

)
ΓR∗ˇ̃χ+

j ,Z,χ̃
−
b

ΓRˇ̃χ+
i ,Z,χ̃

−
b

−
4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

W−

)
ΓR∗ˇ̃χ+

j ,W
−,χ̃0

b

ΓRˇ̃χ+
i ,W

−,χ̃0
b

(173)

• Self-Energy for Leptons (e)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

ha

)
ΓL∗ˇ̄ej ,ha,eb

mebΓ
R
ˇ̄ei,ha,eb
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+

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∑
a=1

mea

2∑
b=1

B0

(
p2,m2

ea ,m
2
A0
b

)
ΓL∗ˇ̄ej ,ea,A0

b
ΓRˇ̄ei,ea,A0

b

+

3∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−
b

,m2
νia

)
ΓL∗ˇ̄ej ,νia,χ̃

−
b

mχ̃−
b

ΓRˇ̄ei,νia,χ̃
−
b

+

3∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−
b

,m2
νRa

)
ΓL∗ˇ̄ej ,νRa ,χ̃

−
b

mχ̃−
b

ΓRˇ̄ei,νRa ,χ̃
−
b

+
6∑
a=1

4∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

ẽa

)
ΓL∗ˇ̄ej ,ẽa,χ̃0

b
mχ̃0

b
ΓRˇ̄ei,ẽa,χ̃0

b

− 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

νb
,m2

W−

))
ΓR∗ˇ̄ej ,W−,νb

mνbΓ
L
ˇ̄ei,W−,νb

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

eb
,m2

Z

))
ΓR∗ˇ̄ej ,Z,eb

mebΓ
L
ˇ̄ei,Z,eb

(174)

ΣRi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ha

)
ΓR∗ˇ̄ej ,ha,eb

ΓRˇ̄ei,ha,eb

− 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∑
a=1

2∑
b=1

B1

(
p2,m2

ea ,m
2
A0
b

)
ΓR∗ˇ̄ej ,ea,A0

b
ΓRˇ̄ei,ea,A0

b

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
νia

)
ΓR∗ˇ̄ej ,νia,χ̃

−
b

ΓRˇ̄ei,νia,χ̃
−
b

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
νRa

)
ΓR∗ˇ̄ej ,νRa ,χ̃

−
b

ΓRˇ̄ei,νRa ,χ̃
−
b

− 1

2

6∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ẽa

)
ΓR∗ˇ̄ej ,ẽa,χ̃0

b
ΓRˇ̄ei,ẽa,χ̃0

b
−

3∑
b=1

B1

(
p2,m2

eb
, 0
)

ΓL∗ˇ̄ej ,γ,eb
ΓLˇ̄ei,γ,eb

−
3∑
b=1

B1

(
p2,m2

νb
,m2

W−

)
ΓL∗ˇ̄ej ,W−,νb

ΓLˇ̄ei,W−,νb
−

3∑
b=1

B1

(
p2,m2

eb
,m2

Z

)
ΓL∗ˇ̄ej ,Z,eb

ΓLˇ̄ei,Z,eb (175)
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ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ha

)
ΓL∗ˇ̄ej ,ha,eb

ΓLˇ̄ei,ha,eb

− 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∑
a=1

2∑
b=1

B1

(
p2,m2

ea ,m
2
A0
b

)
ΓL∗ˇ̄ej ,ea,A0

b
ΓLˇ̄ei,ea,A0

b

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
νia

)
ΓL∗ˇ̄ej ,νia,χ̃

−
b

ΓLˇ̄ei,νia,χ̃
−
b

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
νRa

)
ΓL∗ˇ̄ej ,νRa ,χ̃

−
b

ΓLˇ̄ei,νRa ,χ̃
−
b

− 1

2

6∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ẽa

)
ΓL∗ˇ̄ej ,ẽa,χ̃0

b
ΓLˇ̄ei,ẽa,χ̃0

b
−

3∑
b=1

B1

(
p2,m2

eb
, 0
)

ΓR∗ˇ̄ej ,γ,eb
ΓRˇ̄ei,γ,eb

−
3∑
b=1

B1

(
p2,m2

νb
,m2

W−

)
ΓR∗ˇ̄ej ,W−,νb

ΓRˇ̄ei,W−,νb
−

3∑
b=1

B1

(
p2,m2

eb
,m2

Z

)
ΓR∗ˇ̄ej ,Z,eb

ΓRˇ̄ei,Z,eb (176)

• Self-Energy for Down-Quarks (d)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

ha

)
ΓL∗ˇ̄dj ,ha,db

mdbΓ
R
ˇ̄di,ha,db

+

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∑
a=1

mda

2∑
b=1

B0

(
p2,m2

da ,m
2
A0
b

)
ΓL∗ˇ̄dj ,da,A0

b

ΓRˇ̄di,da,A0
b

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−
b

,m2
ũa

)
ΓL∗ˇ̄dj ,ũa,χ̃−

b

mχ̃−
b

ΓRˇ̄di,ũa,χ̃−
b

+

6∑
a=1

4∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

d̃a

)
ΓL∗ˇ̄dj ,d̃a,χ̃0

b

mχ̃0
b
ΓRˇ̄di,d̃a,χ̃0

b

+
4

3
mg̃

6∑
a=1

B0

(
p2,m2

g̃,m
2
d̃a

)
ΓL∗ˇ̄dj ,d̃a,g̃1

ΓRˇ̄di,d̃a,g̃1
− 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
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− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

ub
,m2

W−

))
ΓR∗ˇ̄dj ,W−,ub

mubΓ
L
ˇ̄di,W−,ub

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

db
,m2

Z

))
ΓR∗ˇ̄dj ,Z,db

mdbΓ
L
ˇ̄di,Z,db

(177)

ΣRi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ha

)
ΓR∗ˇ̄dj ,ha,db

ΓRˇ̄di,ha,db

− 1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

H−
a

)
ΓR∗ˇ̄dj ,H−

a ,ub
ΓRˇ̄di,H−

a ,ub

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

da ,m
2
A0
b

)
ΓR∗ˇ̄dj ,da,A0

b

ΓRˇ̄di,da,A0
b

− 1

2

6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ũa

)
ΓR∗ˇ̄dj ,ũa,χ̃−

b

ΓRˇ̄di,ũa,χ̃−
b

− 1

2

6∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

d̃a

)
ΓR∗ˇ̄dj ,d̃a,χ̃0

b

ΓRˇ̄di,d̃a,χ̃0
b

− 2

3

6∑
a=1

B1

(
p2,m2

g̃,m
2
d̃a

)
ΓR∗ˇ̄dj ,d̃a,g̃1

ΓRˇ̄di,d̃a,g̃1
− 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

ub
,m2

W−

)
ΓL∗ˇ̄dj ,W−,ub

ΓLˇ̄di,W−,ub

−
3∑
b=1

B1

(
p2,m2

db
,m2

Z

)
ΓL∗ˇ̄dj ,Z,db

ΓLˇ̄di,Z,db
(178)

ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ha

)
ΓL∗ˇ̄dj ,ha,db

ΓLˇ̄di,ha,db

− 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∑
a=1

2∑
b=1

B1

(
p2,m2

da ,m
2
A0
b

)
ΓL∗ˇ̄dj ,da,A0

b

ΓLˇ̄di,da,A0
b

− 1

2

6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ũa

)
ΓL∗ˇ̄dj ,ũa,χ̃−

b

ΓLˇ̄di,ũa,χ̃−
b

− 1

2

6∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

d̃a

)
ΓL∗ˇ̄dj ,d̃a,χ̃0

b

ΓLˇ̄di,d̃a,χ̃0
b
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− 2

3

6∑
a=1

B1

(
p2,m2

g̃,m
2
d̃a

)
ΓL∗ˇ̄dj ,d̃a,g̃1

ΓLˇ̄di,d̃a,g̃1
− 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

ub
,m2

W−

)
ΓR∗ˇ̄dj ,W−,ub

ΓRˇ̄di,W−,ub

−
3∑
b=1

B1

(
p2,m2

db
,m2

Z

)
ΓR∗ˇ̄dj ,Z,db

ΓRˇ̄di,Z,db
(179)

• 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

+

2∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

ha

)
ΓL∗ˇ̄uj ,ha,ub

mubΓ
R
ˇ̄ui,ha,ub

+

2∑
a=1

mχ̃−
a

6∑
b=1

B0

(
p2,m2

χ̃−
a
,m2

d̃b

)
ΓL∗ˇ̄uj ,χ̃

+
a ,d̃b

ΓRˇ̄ui,χ̃+
a ,d̃b

+

3∑
a=1

mua

2∑
b=1

B0

(
p2,m2

ua ,m
2
A0
b

)
ΓL∗ˇ̄uj ,ua,A0

b
ΓRˇ̄ui,ua,A0

b

+

6∑
a=1

4∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

ũa

)
ΓL∗ˇ̄uj ,ũa,χ̃0

b
mχ̃0

b
ΓRˇ̄ui,ũa,χ̃0

b

+
4

3
mg̃

6∑
a=1

B0

(
p2,m2

g̃,m
2
ũa

)
ΓL∗ˇ̄uj ,ũa,g̃1

ΓRˇ̄ui,ũa,g̃1 −
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

ub
,m2

Z

))
ΓR∗ˇ̄uj ,Z,ub

mubΓ
L
ˇ̄ui,Z,ub

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

db
,m2

W−

))
ΓR∗ˇ̄uj ,W+,db

mdbΓ
L
ˇ̄ui,W+,db

(180)

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

2∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ha

)
ΓR∗ˇ̄uj ,ha,ub

ΓRˇ̄ui,ha,ub

− 1

2

2∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃−
a
,m2

d̃b

)
ΓR∗ˇ̄uj ,χ̃

+
a ,d̃b

ΓRˇ̄ui,χ̃+
a ,d̃b
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− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

ua ,m
2
A0
b

)
ΓR∗ˇ̄uj ,ua,A0

b
ΓRˇ̄ui,ua,A0

b

− 1

2

6∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ũa

)
ΓR∗ˇ̄uj ,ũa,χ̃0

b
ΓRˇ̄ui,ũa,χ̃0

b

− 2

3

6∑
a=1

B1

(
p2,m2

g̃,m
2
ũa

)
ΓR∗ˇ̄uj ,ũa,g̃1

ΓRˇ̄ui,ũa,g̃1 −
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

ub
,m2

Z

)
ΓL∗ˇ̄uj ,Z,ub

ΓLˇ̄ui,Z,ub

−
3∑
b=1

B1

(
p2,m2

db
,m2

W−

)
ΓL∗ˇ̄uj ,W+,db

ΓLˇ̄ui,W+,db
(181)

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

2∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ha

)
ΓL∗ˇ̄uj ,ha,ub

ΓLˇ̄ui,ha,ub

− 1

2

2∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃−
a
,m2

d̃b

)
ΓL∗ˇ̄uj ,χ̃

+
a ,d̃b

ΓLˇ̄ui,χ̃+
a ,d̃b

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

ua ,m
2
A0
b

)
ΓL∗ˇ̄uj ,ua,A0

b
ΓLˇ̄ui,ua,A0

b

− 1

2

6∑
a=1

4∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ũa

)
ΓL∗ˇ̄uj ,ũa,χ̃0

b
ΓLˇ̄ui,ũa,χ̃0

b

− 2

3

6∑
a=1

B1

(
p2,m2

g̃,m
2
ũa

)
ΓL∗ˇ̄uj ,ũa,g̃1

ΓLˇ̄ui,ũa,g̃1 −
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

ub
,m2

Z

)
ΓR∗ˇ̄uj ,Z,ub

ΓRˇ̄ui,Z,ub

−
3∑
b=1

B1

(
p2,m2

db
,m2

W−

)
ΓR∗ˇ̄uj ,W+,db

ΓRˇ̄ui,W+,db
(182)

• Self-Energy for Gluino (g̃)

ΣS(p2) = +

6∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

d̃a

)
ΓL∗
g̃j ,d̃∗a,db

mdbΓ
R
g̃i,d̃∗a,db
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+

6∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

ũa

)
ΓL∗g̃j ,ũ∗

a,ub
mubΓ

R
g̃i,ũ∗

a,ub
− 12

(
− 1

2
rMS +B0

(
p2,m2

g̃, 0
))

ΓR∗g̃j ,g,g̃1mg̃Γ
L
g̃i,g,g̃1

(183)

ΣR(p2) = −1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

d̃a

)
ΓR∗
g̃j ,d̃∗a,db

ΓR
g̃i,d̃∗a,db

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ũa

)
ΓR∗g̃j ,ũ∗

a,ub
ΓRg̃i,ũ∗

a,ub
− 3B1

(
p2,m2

g̃, 0
)

ΓL∗g̃j ,g,g̃1ΓLg̃i,g,g̃1 (184)

ΣL(p2) = −1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

d̃a

)
ΓL∗
g̃j ,d̃∗a,db

ΓL
g̃i,d̃∗a,db

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ũa

)
ΓL∗g̃j ,ũ∗

a,ub
ΓLg̃i,ũ∗

a,ub
− 3B1

(
p2,m2

g̃, 0
)

ΓR∗g̃j ,g,g̃1ΓRg̃i,g,g̃1 (185)

• Self-Energy for Z-Boson (Z)

Π(p2) = +|ΓZ,η̄−,η− |
2B00

(
p2,m2

η− ,m
2
η−

)
+ |ΓZ,η̄+,η+ |

2B00

(
p2,m2

η+ ,m
2
η+

)
− |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
))

+
1

2

2∑
a=1

A0

(
m2
A0
a

)
ΓZ,Z,A0

a,A
0
a

+

2∑
a=1

A0

(
m2
H−
a

)
ΓZ,Z,H+

a ,H
−
a

+
1

2

2∑
a=1

A0

(
m2
ha

)
ΓZ,Z,ha,ha

− 4

2∑
a=1

2∑
b=1

|ΓZ,ha,A0
b
|2B00

(
p2,m2

A0
b
,m2

ha

)
− 4

2∑
a=1

2∑
b=1

|ΓZ,H+
a ,H

−
b
|2B00

(
p2,m2

H−
a
,m2

H−
b

)
+

2∑
a=1

2∑
b=1

[(
|ΓL
Z,χ̃+

a ,χ̃
−
b

|2 + |ΓR
Z,χ̃+

a ,χ̃
−
b

|2
)
H0

(
p2,m2

χ̃−
a
,m2

χ̃−
b

)
+ 4B0

(
p2,m2

χ̃−
a
,m2

χ̃−
b

)
mχ̃−

a
mχ̃−

b
<
(

ΓL∗
Z,χ̃+

a ,χ̃
−
b

ΓR
Z,χ̃+

a ,χ̃
−
b

)]
+

1

2

3∑
a=1

A0

(
m2
νia

)
ΓZ,Z,νia,νia +

1

2

3∑
a=1

A0

(
m2
νRa

)
ΓZ,Z,νRa ,νRa

− 4

3∑
a=1

3∑
b=1

|ΓZ,νRa ,νib |
2B00

(
p2,m2

νib
,m2

νRa

)
+ 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

)
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+ 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

)
+ 4B0

(
p2,m2

ua ,m
2
ub

)
muamub<

(
ΓL∗Z,ūa,ubΓ

R
Z,ūa,ub

)]
+

1

2

3∑
a=1

3∑
b=1

[(
|ΓLZ,νa,νb |

2 + |ΓRZ,νa,νb |
2
)
H0

(
p2,m2

νa ,m
2
νb

)
+ 4B0

(
p2,m2

νa ,m
2
νb

)
mνamνb<

(
ΓL∗Z,νa,νbΓ

R
Z,νa,νb

)]
+

1

2

4∑
a=1

4∑
b=1

[(
|ΓLZ,χ̃0

a,χ̃
0
b
|2 + |ΓRZ,χ̃0

a,χ̃
0
b
|2
)
H0

(
p2,m2

χ̃0
a
,m2

χ̃0
b

)
+ 4B0

(
p2,m2

χ̃0
a
,m2

χ̃0
b

)
mχ̃0

a
mχ̃0

b
<
(

ΓL∗Z,χ̃0
a,χ̃

0
b
ΓRZ,χ̃0

a,χ̃
0
b

)]
+ 3

6∑
a=1

A0

(
m2
d̃a

)
ΓZ,Z,d̃∗a,d̃a

+

6∑
a=1

A0

(
m2
ẽa

)
ΓZ,Z,ẽ∗a,ẽa + 3

6∑
a=1

A0

(
m2
ũa

)
ΓZ,Z,ũ∗

a,ũa

− 12

6∑
a=1

6∑
b=1

|ΓZ,d̃∗a,d̃b |
2B00

(
p2,m2

d̃a
,m2

d̃b

)
− 4

6∑
a=1

6∑
b=1

|ΓZ,ẽ∗a,ẽb |
2B00

(
p2,m2

ẽa ,m
2
ẽb

)
− 12

6∑
a=1

6∑
b=1

|ΓZ,ũ∗
a,ũb |

2B00

(
p2,m2

ũa ,m
2
ũb

)
+ 2

2∑
b=1

|ΓZ,W+,H−
b
|2B0

(
p2,m2

W− ,m2
H−
b

)
+

2∑
b=1

|ΓZ,Z,hb |2B0

(
p2,m2

Z ,m
2
hb

)
+ 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−

)
(186)

• Self-Energy for W-Boson (W−)

Π(p2) = −12

6∑
a=1

6∑
b=1

|ΓW+,ũ∗
a,d̃b
|2B00

(
p2,m2

d̃b
,m2

ũa

)
+ 2rMSm2

W−Γ1
W−,W+,W+,W− + 3

3∑
a=1

3∑
b=1

[(
|ΓLW+,ūa,db

|2 + |ΓRW+,ūa,db
|2
)
H0

(
p2,m2

ua ,m
2
db

)
+ 4B0

(
p2,m2

ua ,m
2
db

)
mdbmua<

(
ΓL∗W+,ūa,db

ΓRW+,ūa,db

)]
+ 3

6∑
a=1

A0

(
m2
d̃a

)
ΓW−,W+,d̃∗a,d̃a

+ 3

6∑
a=1

A0

(
m2
ũa

)
ΓW−,W+,ũ∗

a,ũa
− 4

2∑
a=1

2∑
b=1

|ΓW+,H−
a ,A

0
b
|2B00

(
p2,m2

A0
b
,m2

H−
a

)
− 4

2∑
a=1

2∑
b=1

|ΓW+,H−
a ,hb
|2B00

(
p2,m2

hb
,m2

H−
a

)
− 4

3∑
a=1

6∑
b=1

|ΓW+,νia,ẽb
|2B00

(
p2,m2

ẽb
,m2

νia

)
− 4

3∑
a=1

6∑
b=1

|ΓW+,νRa ,ẽb
|2B00

(
p2,m2

ẽb
,m2

νRa

)
−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

)
+

1

2

2∑
a=1

A0

(
m2
A0
a

)
ΓW−,W+,A0

a,A
0
a

+
1

2

2∑
a=1

A0

(
m2
ha

)
ΓW−,W+,ha,ha +

1

2

3∑
a=1

A0

(
m2
νia

)
ΓW−,W+,νia,ν

i
a

+
1

2

3∑
a=1

A0

(
m2
νRa

)
ΓW−,W+,νRa ,ν

R
a

+ |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+,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+,νa,eb

|2 + |ΓRW+,νa,eb
|2
)
H0

(
p2,m2

νa ,m
2
eb

)
+ 4B0

(
p2,m2

νa ,m
2
eb

)
mebmνa<

(
ΓL∗W+,νa,eb

ΓRW+,νa,eb

)]
+

4∑
a=1

2∑
b=1

[(
|ΓL
W+,χ̃0

a,χ̃
−
b

|2 + |ΓR
W+,χ̃0

a,χ̃
−
b

|2
)
H0

(
p2,m2

χ̃0
a
,m2

χ̃−
b

)
+ 4B0

(
p2,m2

χ̃0
a
,m2

χ̃−
b

)
mχ̃−

b
mχ̃0

a
<
(

ΓL∗
W+,χ̃0

a,χ̃
−
b

ΓR
W+,χ̃0

a,χ̃
−
b

)]
+

6∑
a=1

A0

(
m2
ẽa

)
ΓW−,W+,ẽ∗a,ẽa

+

2∑
b=1

|ΓW+,γ,H−
b
|2B0

(
p2, 0,m2

H−
b

)
+

2∑
b=1

|ΓW+,W−,hb |
2B0

(
p2,m2

W− ,m2
hb

)
+

2∑
b=1

|ΓW+,Z,H−
b
|2B0

(
p2,m2

Z ,m
2
H−
b

)
(187)
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8.2 Tadpoles

δt
(1)
h = +A0

(
m2
η−

)
Γȟi,η̄−,η− +A0

(
m2
η+

)
Γȟi,η̄+,η+ +A0

(
m2
ηZ

)
Γȟi,η̄Z ,ηZ

+ 4Γȟi,W+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γȟi,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
− 1

2

2∑
a=1

A0

(
m2
A0
a

)
Γȟi,A0

a,A
0
a

−
2∑
a=1

A0

(
m2
H−
a

)
Γȟi,H+

a ,H
−
a
− 1

2

2∑
a=1

A0

(
m2
ha

)
Γȟi,ha,ha

+ 2

2∑
a=1

A0

(
m2
χ̃−
a

)
mχ̃−

a

(
ΓL
ȟi,χ̃

+
a ,χ̃

−
a

+ ΓR
ȟi,χ̃

+
a ,χ̃

−
a

)
− 1

2

3∑
a=1

A0

(
m2
νia

)
Γȟi,νia,νia

− 1

2

3∑
a=1

A0

(
m2
νRa

)
Γȟi,νRa ,νRa + 6

3∑
a=1

A0

(
m2
da

)
mda

(
ΓL
ȟi,d̄a,da

+ ΓR
ȟi,d̄a,da

)
+ 2

3∑
a=1

A0

(
m2
ea

)
mea

(
ΓL
ȟi,ēa,ea

+ ΓR
ȟi,ēa,ea

)
+ 6

3∑
a=1

A0

(
m2
ua

)
mua

(
ΓL
ȟi,ūa,ua

+ ΓR
ȟi,ūa,ua

)
+

3∑
a=1

A0

(
m2
νa

)
mνa

(
ΓL
ȟi,νa,νa

+ ΓR
ȟi,νa,νa

)
+

4∑
a=1

A0

(
m2
χ̃0
a

)
mχ̃0

a

(
ΓL
ȟi,χ̃0

a,χ̃
0
a

+ ΓR
ȟi,χ̃0

a,χ̃
0
a

)
− 3

6∑
a=1

A0

(
m2
d̃a

)
Γȟi,d̃∗a,d̃a

−
6∑
a=1

A0

(
m2
ẽa

)
Γȟi,ẽ∗a,ẽa − 3

6∑
a=1

A0

(
m2
ũa

)
Γȟi,ũ∗

a,ũa
(188)

δt
(1)

νR
= 0 (189)

9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

A0
i

A0
j

hk
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− i

4

(
g2

1 + g2
2

)(
ZAi1Z

A
j1 − ZAi2ZAj2

)(
vdZ

H
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ẽj
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ũ∗kγ

i

12
δβγ

((
− 3g2

2 + g2
1

) 3∑
a=1

ZU,∗ja Z
U
ka

(
vdZ

H
i1 − vuZHi2

)
− 2
(
− 3
√

2µ∗
3∑
b=1

ZU,∗jb

3∑
a=1

Yu,abZ
U
k3+aZ

H
i1 − 3

√
2µ

3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
j3+aZ

U
kbZ

H
i1

+ 3
√

2

3∑
b=1

ZU,∗jb

3∑
a=1

ZUk3+aTu,abZ
H
i2 + 3

√
2

3∑
b=1

3∑
a=1

ZU,∗j3+aT
∗
u,abZ

U
kbZ

H
i2

56



+ 6vu

3∑
c=1

ZU,∗j3+c

3∑
b=1

3∑
a=1

Y ∗u,caYu,baZ
U
k3+bZ

H
i2 + 6vu

3∑
c=1

3∑
b=1

ZU,∗jb

3∑
a=1

Y ∗u,acYu,abZ
U
kcZ

H
i2

+ 2g2
1

3∑
a=1

ZU,∗j3+aZ
U
k3+a

(
vdZ

H
i1 − vuZHi2

)))
(202)

hi

νij

νik

− i

8

(
2g2

1vd

3∑
a=1

Zi,∗ja Z
i,∗
kaZ

H
i1 + 2g2

2vd

3∑
a=1

Zi,∗ja Z
i,∗
kaZ

H
i1

+ vuµ
∗

3∑
b=1

Zi,∗kb

3∑
a=1

Zi,∗ja κν,abZ
H
i1 + vuµ

∗
3∑
b=1

Zi,∗jb

3∑
a=1

Zi,∗ka κν,abZ
H
i1

− 2g2
1vu

3∑
a=1

Zi,∗ja Z
i,∗
kaZ

H
i2 − 2g2

2vu

3∑
a=1

Zi,∗ja Z
i,∗
kaZ

H
i2

− 2vu

3∑
b=1

Zi,∗kb

3∑
a=1

Zi,∗ja Q
∗
ν,abZ

H
i2 − 2vu

3∑
b=1

Zi,∗jb

3∑
a=1

Zi,∗kaQ
∗
ν,abZ

H
i2

+ vdµ
∗

3∑
b=1

Zi,∗kb

3∑
a=1

Zi,∗ja κν,abZ
H
i2 + vdµ

∗
3∑
b=1

Zi,∗jb

3∑
a=1

Zi,∗ka κν,abZ
H
i2

− 2vu

3∑
b=1

Zi,∗kb

3∑
a=1

Zi,∗ja Qν,abZ
H
i2 − 2vu

3∑
b=1

Zi,∗jb

3∑
a=1

Zi,∗kaQν,abZ
H
i2

+ v3
u

3∑
c=1

Zi,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,acκν,abZ
H
i2 + v3

u

3∑
c=1

Zi,∗jc

3∑
b=1

Zi,∗kb

3∑
a=1

κ∗ν,acκν,abZ
H
i2

+ v3
u

3∑
c=1

Zi,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,caκν,abZ
H
i2 + v3

u

3∑
c=1

Zi,∗jc

3∑
b=1

Zi,∗kb

3∑
a=1

κ∗ν,caκν,abZ
H
i2

+ v3
u

3∑
c=1

Zi,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,acκν,baZ
H
i2 + v3

u

3∑
c=1

Zi,∗jc

3∑
b=1

Zi,∗kb

3∑
a=1

κ∗ν,acκν,baZ
H
i2

+ v3
u

3∑
c=1

Zi,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,caκν,baZ
H
i2 + v3

u

3∑
c=1

Zi,∗jc

3∑
b=1

Zi,∗kb

3∑
a=1

κ∗ν,caκν,baZ
H
i2

57



+ 4vu

3∑
c=1

Zi,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

Y ∗ν,acYν,abZ
H
i2 + 4vu

3∑
c=1

Zi,∗jc

3∑
b=1

Zi,∗kb

3∑
a=1

Y ∗ν,acYν,abZ
H
i2

+ Zi,∗k1

(
2vuµ

3∑
a=1

κ∗ν,a1Z
i,∗
ja Z

H
i1 + vdµ

∗
3∑
a=1

Zi,∗ja κν,a1Z
H
i2

)
+ Zi,∗j1

(
2vuµ

3∑
a=1

κ∗ν,a1Z
i,∗
kaZ

H
i1 + vdµ

∗
3∑
a=1

Zi,∗ka κν,a1Z
H
i2

))
(203)

hi

νij

νRk

1

8

(
− vuµ∗

3∑
b=1

ZR,∗kb

3∑
a=1

Zi,∗ja κν,abZ
H
i1 − vuµ∗

3∑
b=1

Zi,∗jb

3∑
a=1

ZR,∗ka κν,abZ
H
i1

− 2vu

3∑
b=1

ZR,∗kb

3∑
a=1

Zi,∗ja Q
∗
ν,abZ

H
i2 − 2vu

3∑
b=1

Zi,∗jb

3∑
a=1

ZR,∗ka Q
∗
ν,abZ

H
i2

− vdµ∗
3∑
b=1

ZR,∗kb

3∑
a=1

Zi,∗ja κν,abZ
H
i2 − vdµ∗

3∑
b=1

Zi,∗jb

3∑
a=1

ZR,∗ka κν,abZ
H
i2

+ 2vu

3∑
b=1

ZR,∗kb

3∑
a=1

Zi,∗ja Qν,abZ
H
i2 + 2vu

3∑
b=1

Zi,∗jb

3∑
a=1

ZR,∗ka Qν,abZ
H
i2

+ v3
u

3∑
c=1

ZR,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,acκν,abZ
H
i2

− v3
u

3∑
c=1

Zi,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,acκν,abZ
H
i2

+ v3
u

3∑
c=1

ZR,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,caκν,abZ
H
i2

− v3
u

3∑
c=1

Zi,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,caκν,abZ
H
i2

+ v3
u

3∑
c=1

ZR,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,acκν,baZ
H
i2

58



− v3
u

3∑
c=1

Zi,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,acκν,baZ
H
i2

+ v3
u

3∑
c=1

ZR,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,caκν,baZ
H
i2

− v3
u

3∑
c=1

Zi,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,caκν,baZ
H
i2

+ 4vu

3∑
c=1

ZR,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

Y ∗ν,acYν,abZ
H
i2 − 4vu

3∑
c=1

Zi,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

Y ∗ν,acYν,abZ
H
i2

+ ZR,∗k1

(
2vuµ

3∑
a=1

κ∗ν,a1Z
i,∗
ja Z

H
i1 − vdµ∗

3∑
a=1

Zi,∗ja κν,a1Z
H
i2

)
+ Zi,∗j1

(
2vuµ

3∑
a=1

κ∗ν,a1Z
R,∗
ka Z

H
i1 − vdµ∗

3∑
a=1

ZR,∗ka κν,a1Z
H
i2

))
(204)

hi

νRj

νRk

− i

8

(
2g2

1vd

3∑
a=1

ZR,∗ja ZR,∗ka Z
H
i1 + 2g2

2vd

3∑
a=1

ZR,∗ja ZR,∗ka Z
H
i1

− vuµ∗
3∑
b=1

ZR,∗kb

3∑
a=1

ZR,∗ja κν,abZ
H
i1 − vuµ∗

3∑
b=1

ZR,∗jb

3∑
a=1

ZR,∗ka κν,abZ
H
i1

− 2g2
1vu

3∑
a=1

ZR,∗ja ZR,∗ka Z
H
i2 − 2g2

2vu

3∑
a=1

ZR,∗ja ZR,∗ka Z
H
i2

+ 2vu

3∑
b=1

ZR,∗kb

3∑
a=1

ZR,∗ja Q∗ν,abZ
H
i2 + 2vu

3∑
b=1

ZR,∗jb

3∑
a=1

ZR,∗ka Q
∗
ν,abZ

H
i2

− vdµ∗
3∑
b=1

ZR,∗kb

3∑
a=1

ZR,∗ja κν,abZ
H
i2 − vdµ∗

3∑
b=1

ZR,∗jb

3∑
a=1

ZR,∗ka κν,abZ
H
i2

+ 2vu

3∑
b=1

ZR,∗kb

3∑
a=1

ZR,∗ja Qν,abZ
H
i2 + 2vu

3∑
b=1

ZR,∗jb

3∑
a=1

ZR,∗ka Qν,abZ
H
i2

59



+ v3
u

3∑
c=1

ZR,∗kc

3∑
b=1

ZR,∗jb

3∑
a=1

κ∗ν,acκν,abZ
H
i2 + v3

u

3∑
c=1

ZR,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,acκν,abZ
H
i2

+ v3
u

3∑
c=1

ZR,∗kc

3∑
b=1

ZR,∗jb

3∑
a=1

κ∗ν,caκν,abZ
H
i2 + v3

u

3∑
c=1

ZR,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,caκν,abZ
H
i2

+ v3
u

3∑
c=1

ZR,∗kc

3∑
b=1

ZR,∗jb

3∑
a=1

κ∗ν,acκν,baZ
H
i2 + v3

u

3∑
c=1

ZR,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,acκν,baZ
H
i2

+ v3
u

3∑
c=1

ZR,∗kc

3∑
b=1

ZR,∗jb

3∑
a=1

κ∗ν,caκν,baZ
H
i2 + v3

u

3∑
c=1

ZR,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,caκν,baZ
H
i2

+ 4vu

3∑
c=1

ZR,∗kc

3∑
b=1

ZR,∗jb

3∑
a=1

Y ∗ν,acYν,abZ
H
i2 + 4vu

3∑
c=1

ZR,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

Y ∗ν,acYν,abZ
H
i2

− ZR,∗k1

(
2vuµ

3∑
a=1

κ∗ν,a1Z
R,∗
ja ZHi1 + vdµ

∗
3∑
a=1

ZR,∗ja κν,a1Z
H
i2

)
− ZR,∗j1

(
2vuµ

3∑
a=1

κ∗ν,a1Z
R,∗
ka Z

H
i1 + vdµ

∗
3∑
a=1

ZR,∗ka κν,a1Z
H
i2

))
(205)

H−i
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9.2 Two Scalar-One Vector Boson-Interaction
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ẽi
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9.3 One Scalar-Two Vector Boson-Interaction

hi

W+
σ

W−µ

i

2
g2

2

(
vdZ

H
i1 + vuZ

H
i2

)(
gσµ

)
(234)

hi

Zσ

Zµ

i

2

(
g1 sin ΘW + g2 cos ΘW

)2(
vdZ

H
i1 + vuZ

H
i2

)(
gσµ

)
(235)

H−i

W+
σ

γµ

− i

2
g1g2 cos ΘW

(
vdZ

+
i1 − vuZ

+
i2

)(
gσµ

)
(236)

73



H−i

W+
σ

Zµ

i

2
g1g2 sin ΘW

(
vdZ

+
i1 − vuZ

+
i2

)(
gσµ

)
(237)

H+
i

γσ

W−µ

− i

2
g1g2 cos ΘW

(
vdZ

+
i1 − vuZ

+
i2

)(
gσµ

)
(238)

H+
i

W−σ

Zµ

i

2
g1g2 sin ΘW

(
vdZ

+
i1 − vuZ

+
i2

)(
gσµ

)
(239)

74
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ēi

ej

Zµ

78



i

2
δij

(
− g1 sin ΘW + g2 cos ΘW

)(
γµ ·

1− γ5

2

)
(260)

+ −ig1δij sin ΘW

(
γµ ·

1 + γ5

2

)
(261)
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ũkγ

iU∗j2δαγ

3∑
b=1

ZU,∗kb

3∑
a=1

Ud,∗R,iaYd,ab

(1− γ5

2

)
(294)

+ −iδαγ
(
g2

3∑
a=1

ZU,∗ka U
d
L,iaVj1 −

3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
k3+aU

d
L,ibVj2

)(1 + γ5

2

)
(295)

ēi
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3∑
a=1

ZU,∗ka U
u
L,ia

(
3g2Nj2 + g1Nj1

))(1 + γ5

2

)
(319)

g̃α

djβ

d̃∗kγ
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− i 1√
2
g3φg̃λ

α
γ,β

3∑
a=1

Ud,∗L,jaZ
D
ka

(1− γ5

2

)
(320)

+ i
1√
2
g3φ
∗
g̃λ
α
γ,β

3∑
a=1

ZDk3+aU
d
R,ja

(1 + γ5

2

)
(321)

d̄iα

djβ

hk

− i 1√
2
δαβ

3∑
b=1

Ud,∗L,jb

3∑
a=1

Ud,∗R,iaYd,abZ
H
k1

(1− γ5

2

)
(322)

+ −i 1√
2
δαβ

3∑
b=1

3∑
a=1

Y ∗d,abU
d
R,jaU

d
L,ibZ

H
k1

(1 + γ5

2

)
(323)

χ̃+
i

djβ

ũ∗kγ

− iδβγ
(
g2V

∗
i1

3∑
a=1

Ud,∗L,jaZ
U
ka − V ∗i2

3∑
b=1

Ud,∗L,jb

3∑
a=1

Yu,abZ
U
k3+a

)(1− γ5

2

)
(324)

+ iδβγ

3∑
b=1

3∑
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Y ∗d,abU
d
R,jaZ

U
kbUi2

(1 + γ5

2

)
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djβ

H+
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iδαβ

3∑
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Ud,∗L,jb

3∑
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+
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)
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+ iδαβ

3∑
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d
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u
L,ibZ
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)
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2
vu

( 3∑
b=1

Ue,∗L,jb
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3∑
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)
Z+
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(1− γ5
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)
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+ i

3∑
b=1
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e
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V
ibZ

+
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(1 + γ5
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)
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ēi
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− i 1√
2

3∑
b=1

Ue,∗L,jb

3∑
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Ue,∗R,iaYe,abZ
H
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(1− γ5
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)
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+ −i 1√
2

3∑
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3∑
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Y ∗e,abU
e
R,jaU

e
L,ibZ

H
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(1 + γ5

2

)
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χ̃+
i

ej

νik

1

4

(
− 2
√
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∗
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3∑
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Ue,∗L,jaZ
i,∗
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− vuV ∗i2
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Zi,∗kb

3∑
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3∑
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Ue,∗L,jb

3∑
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Zi,∗ka κν,ab
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2

)
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+
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2

3∑
b=1

Zi,∗kb
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Y ∗e,abU
e
R,jaUi2

(1 + γ5
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)
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χ̃+
i
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− i

4

(
2
√

2g2V
∗
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3∑
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R,∗
ka

− vuV ∗i2
( 3∑
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ZR,∗kb

3∑
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Ue,∗L,jaκν,ab +

3∑
b=1
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3∑
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2

)
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+ i
1√
2

3∑
b=1

ZR,∗kb

3∑
a=1

Y ∗e,abU
e
R,jaUi2

(1 + γ5

2

)
(335)

g̃α

ujβ

ũ∗kγ

− i 1√
2
g3φg̃λ

α
γ,β

3∑
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Uu,∗L,jaZ
U
ka

(1− γ5

2

)
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+ i
1√
2
g3φ
∗
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α
γ,β

3∑
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ZUk3+aU
u
R,ja

(1 + γ5

2

)
(337)

ūiα

ujβ
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− i 1√
2
δαβ

3∑
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Uu,∗L,jb

3∑
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H
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)
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+ −i 1√
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δαβ
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u
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u
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(1 + γ5
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)
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)
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+ iδαβ
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)
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)
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2

)
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2
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( 3∑
b=1
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V
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3∑
b=1
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V
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V
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)
ZHk2
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2

)
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ēi

νj

H−k
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b=1
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3∑
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Ue,∗R,iaYe,abZ
+
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(1− γ5

2

)
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+
i

2

1√
2
vu

( 3∑
b=1

3∑
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κ∗ν,abU
e
L,iaU

V
jb +

3∑
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3∑
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e
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2

)
(345)
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i
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ẽk

i

2
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2
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∗
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ZE,∗kb

3∑
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3∑
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3∑
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)(1− γ5

2

)
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+ −i
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3∑
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3∑
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V
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)
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i
1√
2
g3φg̃λ

β
α,γ

3∑
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2

)
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+ −i 1√
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)
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ũkγ

i
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2
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β
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)
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+ −i 1√
2
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∗
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3∑
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u
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2

)
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χ̃+
i

ūjβ
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3∑
b=1

ZD,∗kb

3∑
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Uu,∗R,jaYu,ab

(1− γ5

2

)
(352)

+ −iδβγ
(
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3∑
a=1
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3∑
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Y ∗d,abZ
D,∗
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u
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)(1 + γ5
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)
(353)

9.6 Three Vector Boson-Interaction

gαρ

gβσ

gγµ
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g3fα,β,γ

(
gρµ

(
− pgγµσ + pgαρσ

)
+ gρσ

(
− pgαρµ + p

gβσ
µ

)
+ gσµ

(
− pgβσρ + pgγµρ

))
(354)

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

))
(355)

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

ρ + pZµρ

))
(356)

9.7 Four Scalar-Interaction
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i
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l

A0
j
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k
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i

4

(
g2

1 + g2
2

)(
ZAi2

(
ZAj1

(
ZAk1Z

A
l2 + ZAk2Z

A
l1

)
+ ZAj2

(
− 3ZAk2Z

A
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A
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+ ZAi1
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ZAj1

(
− 3ZAk1Z

A
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A
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(
ZAk1Z

A
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A
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)))
(357)

A0
i
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A0
j
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− i

4

(
g2

1 + g2
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ZAi1Z

A
j1 − ZAi2ZAj2

)(
ZHk1Z

H
l1 − ZHk2Z

H
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)
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i

H+
l
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j

H−k

i

4

(
ZAi1

(
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2Z
A
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(
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+
l2 + Z+
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+
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)
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+
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(
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+
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(
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+
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+
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(
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1
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+
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)))
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A0
i
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j
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12
δγδ
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3g2

2 + g2
1

) 3∑
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ZD,∗ka ZDla

(
ZAi1Z

A
j1 − ZAi2ZAj2

)
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D
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)
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1
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A
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A0
i

ẽ∗l
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j

ẽk

− i

4

(
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( 3∑
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E
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A
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A
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i
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j

ũkγ
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− 4
(

3
( 3∑
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ẽk

111



− i

4

(
4
( 3∑
c=1

ZE,∗k3+c

3∑
b=1

3∑
a=1

Y ∗e,caYe,baZ
E
l3+b +

3∑
c=1

3∑
b=1

ZE,∗kb

3∑
a=1

Y ∗e,acYe,abZ
E
lc

)
ZHi1Z

H
j1

+
(
− g2

2 + g2
1

) 3∑
a=1

ZE,∗ka ZEla

(
ZHi1Z

H
j1 − ZHi2ZHj2

)
+ 2g2

1

3∑
a=1

ZE,∗k3+aZ
E
l3+a

(
− ZHi1ZHj1 + ZHi2Z

H
j2

))
(379)

hi
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ẽ∗l

H−j

νik

1

16

(
− 8

3∑
c=1

3∑
b=1

Zi,∗kb

3∑
a=1

Y ∗e,acYe,abZ
E
lcZ

H
i1Z

+
j1

+ 4
√

2vu

3∑
c=1

Zi,∗kc

3∑
b=1

3∑
a=1

κ∗ν,acYe,baZ
E
l3+bZ

H
i2Z

+
j1

+ 4
√

2vu

3∑
c=1

Zi,∗kc

3∑
b=1

3∑
a=1

κ∗ν,caYe,baZ
E
l3+bZ

H
i2Z

+
j1

+ 2
√

2vu

3∑
c=1

Zi,∗kc

3∑
b=1

3∑
a=1

κ∗ν,acYe,baZ
E
l3+bZ

H
i1Z

+
j2

+ 2
√

2vu

3∑
c=1

Zi,∗kc

3∑
b=1

3∑
a=1

κ∗ν,caYe,baZ
E
l3+bZ

H
i1Z

+
j2 + 4

3∑
b=1

Zi,∗kb

3∑
a=1

Q∗ν,abZ
E
laZ

H
i2Z

+
j2

115



+ 4

3∑
b=1

3∑
a=1

Zi,∗kaQ
∗
ν,abZ

E
lbZ

H
i2Z

+
j2 − v

2
u

3∑
c=1

3∑
b=1

Zi,∗kb

3∑
a=1

κ∗ν,acκν,abZ
E
lcZ

H
i2Z

+
j2

− v2
u

3∑
c=1

3∑
b=1

Zi,∗kb

3∑
a=1

κ∗ν,caκν,abZ
E
lcZ

H
i2Z

+
j2

− v2
u

3∑
c=1

3∑
b=1

Zi,∗kb

3∑
a=1

κ∗ν,acκν,baZ
E
lcZ

H
i2Z

+
j2

− v2
u

3∑
c=1

3∑
b=1

Zi,∗kb

3∑
a=1

κ∗ν,caκν,baZ
E
lcZ

H
i2Z

+
j2

− 8
3∑
c=1

3∑
b=1

Zi,∗kb

3∑
a=1

Y ∗ν,acYν,abZ
E
lcZ

H
i2Z

+
j2 + 4g2

2

3∑
a=1

Zi,∗kaZ
E
la

(
ZHi1Z

+
j1 + ZHi2Z

+
j2

))
(385)

hi
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ũ∗lδ

d̃jβ

H+
k

− i

2

1√
2
δβδ

(
g2

2

3∑
a=1

ZD,∗ja ZUla

(
ZHi1Z

+
k1 + ZHi2Z

+
k2

)
− 2
( 3∑
c=1

3∑
b=1

ZD,∗jb

3∑
a=1

Y ∗d,acYd,abZ
U
lcZ

H
i1Z

+
k1 +

3∑
c=1

3∑
b=1

ZD,∗jb

3∑
a=1

Y ∗u,acYu,abZ
U
lcZ

H
i2Z

+
k2

+

3∑
c=1

ZD,∗j3+c

3∑
b=1

3∑
a=1

Y ∗d,caYu,baZ
U
l3+b

(
ZHi1Z

+
k2 + ZHi2Z

+
k1

)))
(387)

hi

H+
l

ẽj
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ũjβ

H+
k

121



i

12
δβδ

((
3g2

2 + g2
1

) 3∑
a=1

ZU,∗ja Z
U
la

(
Z+
i1Z

+
k1 − Z

+
i2Z

+
k2

)
− 4
(
g2

1

3∑
a=1

ZU,∗j3+aZ
U
l3+a

(
Z+
i1Z

+
k1 − Z

+
i2Z

+
k2

)
+ 3
( 3∑
c=1

3∑
b=1

ZU,∗jb

3∑
a=1

Y ∗d,acYd,abZ
U
lcZ

+
i1Z

+
k1 +

3∑
c=1

ZU,∗j3+c

3∑
b=1

3∑
a=1

Y ∗u,caYu,baZ
U
l3+bZ

+
i2Z

+
k2

)))
(394)

H−i

H+
l

νij

νik

− i

16

(
8

3∑
c=1

Zi,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

Y ∗e,acYe,abZ
+
i1Z

+
l1

+ 8

3∑
c=1

Zi,∗jc

3∑
b=1

Zi,∗kb

3∑
a=1

Y ∗e,acYe,abZ
+
i1Z

+
l1

+ v2
u

3∑
c=1

Zi,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,acκν,abZ
+
i2Z

+
l2

+ v2
u

3∑
c=1

Zi,∗jc

3∑
b=1

Zi,∗kb

3∑
a=1

κ∗ν,acκν,abZ
+
i2Z

+
l2

+ v2
u

3∑
c=1

Zi,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,caκν,abZ
+
i2Z

+
l2

+ v2
u

3∑
c=1

Zi,∗jc

3∑
b=1

Zi,∗kb

3∑
a=1

κ∗ν,caκν,abZ
+
i2Z

+
l2

+ 4
(
− g2

2 + g2
1

) 3∑
a=1

Zi,∗ja Z
i,∗
ka

(
Z+
i1Z

+
l1 − Z

+
i2Z

+
l2

))
(395)

122



H−i

H+
l

νij

νRk

1

16

(
8

3∑
c=1

ZR,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

Y ∗e,acYe,abZ
+
i1Z

+
l1

− 8

3∑
c=1

Zi,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

Y ∗e,acYe,abZ
+
i1Z

+
l1

+ v2
u

( 3∑
c=1

ZR,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,acκν,ab −
3∑
c=1

Zi,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,acκν,ab

+

3∑
c=1

ZR,∗kc

3∑
b=1

Zi,∗jb

3∑
a=1

κ∗ν,caκν,ab −
3∑
c=1

Zi,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,caκν,ab

)
Z+
i2Z

+
l2

)
(396)

H−i

H+
l

νRj

νRk

− i

16

(
8

3∑
c=1

ZR,∗kc

3∑
b=1

ZR,∗jb

3∑
a=1

Y ∗e,acYe,abZ
+
i1Z

+
l1

+ 8

3∑
c=1

ZR,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

Y ∗e,acYe,abZ
+
i1Z

+
l1

+ v2
u

3∑
c=1

ZR,∗kc

3∑
b=1

ZR,∗jb

3∑
a=1

κ∗ν,acκν,abZ
+
i2Z

+
l2

+ v2
u

3∑
c=1

ZR,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,acκν,abZ
+
i2Z

+
l2

123



+ v2
u

3∑
c=1

ZR,∗kc

3∑
b=1

ZR,∗jb

3∑
a=1

κ∗ν,caκν,abZ
+
i2Z

+
l2

+ v2
u

3∑
c=1

ZR,∗jc

3∑
b=1

ZR,∗kb

3∑
a=1

κ∗ν,caκν,abZ
+
i2Z

+
l2

+ 4
(
− g2

2 + g2
1

) 3∑
a=1

ZR,∗ja ZR,∗ka

(
Z+
i1Z

+
l1 − Z

+
i2Z

+
l2

))
(397)

d̃iα

d̃∗lδ

d̃jβ

d̃∗kγ

− i

72

(
δαδδβγ

(
g2

1

3∑
a=1

ZD,∗ia ZDla

3∑
b=1

ZD,∗jb ZDkb + 9g2
2

3∑
a=1

ZD,∗ia ZDla

3∑
b=1

ZD,∗jb ZDkb

− 6g2
3

3∑
a=1

ZD,∗ia ZDla

3∑
b=1

ZD,∗jb ZDkb + 2g2
1

3∑
a=1

ZD,∗i3+aZ
D
l3+a

3∑
b=1

ZD,∗jb ZDkb

+ 6g2
3

3∑
a=1

ZD,∗i3+aZ
D
l3+a

3∑
b=1

ZD,∗jb ZDkb

+ 18g2
3

3∑
a=1

ZD,∗ja ZDla

(
−

3∑
b=1

ZD,∗i3+bZ
D
k3+b +

3∑
b=1

ZD,∗ib ZDkb

)
− 18g2

3

3∑
a=1

ZD,∗j3+aZ
D
l3+a

(
−

3∑
b=1

ZD,∗i3+bZ
D
k3+b +

3∑
b=1

ZD,∗ib ZDkb

)
+ 2g2

1

3∑
a=1

ZD,∗ia ZDla

3∑
b=1

ZD,∗j3+bZ
D
k3+b + 6g2

3

3∑
a=1

ZD,∗ia ZDla

3∑
b=1

ZD,∗j3+bZ
D
k3+b

+ 4g2
1

3∑
a=1

ZD,∗i3+aZ
D
l3+a

3∑
b=1

ZD,∗j3+bZ
D
k3+b − 6g2

3

3∑
a=1

ZD,∗i3+aZ
D
l3+a

3∑
b=1

ZD,∗j3+bZ
D
k3+b

+ g2
1

3∑
a=1

ZD,∗ja ZDka

3∑
b=1

ZD,∗ib ZDlb + 9g2
2

3∑
a=1

ZD,∗ja ZDka

3∑
b=1

ZD,∗ib ZDlb

− 6g2
3

3∑
a=1

ZD,∗ja ZDka

3∑
b=1

ZD,∗ib ZDlb + 2g2
1

3∑
a=1

ZD,∗j3+aZ
D
k3+a

3∑
b=1

ZD,∗ib ZDlb

124



+ 6g2
3

3∑
a=1

ZD,∗j3+aZ
D
k3+a

3∑
b=1

ZD,∗ib ZDlb + 18g2
3

3∑
a=1

ZD,∗ia ZDka

3∑
b=1

ZD,∗jb ZDlb

− 18g2
3

3∑
a=1

ZD,∗i3+aZ
D
k3+a

3∑
b=1

ZD,∗jb ZDlb + 2g2
1

3∑
a=1

ZD,∗ja ZDka

3∑
b=1

ZD,∗i3+bZ
D
l3+b

+ 6g2
3

3∑
a=1

ZD,∗ja ZDka

3∑
b=1

ZD,∗i3+bZ
D
l3+b + 4g2

1

3∑
a=1

ZD,∗j3+aZ
D
k3+a

3∑
b=1

ZD,∗i3+bZ
D
l3+b

− 6g2
3

3∑
a=1

ZD,∗j3+aZ
D
k3+a

3∑
b=1

ZD,∗i3+bZ
D
l3+b − 18g2

3

3∑
a=1

ZD,∗ia ZDka

3∑
b=1

ZD,∗j3+bZ
D
l3+b

+ 18g2
3

3∑
a=1

ZD,∗i3+aZ
D
k3+a

3∑
b=1

ZD,∗j3+bZ
D
l3+b

+ 72

3∑
b=1

ZD,∗ib

3∑
a=1

Yd,abZ
D
l3+a

3∑
d=1

3∑
c=1

Y ∗d,cdZ
D,∗
j3+cZ

D
kd

+ 72

3∑
b=1

ZD,∗jb

3∑
a=1

Yd,abZ
D
k3+a

3∑
d=1

3∑
c=1

Y ∗d,cdZ
D,∗
i3+cZ

D
ld

)
+ δαγδβδ

(
18g2

3

3∑
a=1

ZD,∗ia ZDla

3∑
b=1

ZD,∗jb ZDkb − 18g2
3

3∑
a=1

ZD,∗i3+aZ
D
l3+a

3∑
b=1

ZD,∗jb ZDkb

+ 2

3∑
a=1

ZD,∗j3+aZ
D
l3+a

((
2g2

1 − 3g2
3

) 3∑
b=1

ZD,∗i3+bZ
D
k3+b +

(
3g2

3 + g2
1

) 3∑
b=1

ZD,∗ib ZDkb

)
+

3∑
a=1

ZD,∗ja ZDla

(
2
(

3g2
3 + g2

1

) 3∑
b=1

ZD,∗i3+bZ
D
k3+b +

(
− 6g2

3 + 9g2
2 + g2

1

) 3∑
b=1

ZD,∗ib ZDkb

)
− 18g2

3

3∑
a=1

ZD,∗ia ZDla

3∑
b=1

ZD,∗j3+bZ
D
k3+b + 18g2

3

3∑
a=1

ZD,∗i3+aZ
D
l3+a

3∑
b=1

ZD,∗j3+bZ
D
k3+b

+ 18g2
3

3∑
a=1

ZD,∗ja ZDka

3∑
b=1

ZD,∗ib ZDlb − 18g2
3

3∑
a=1

ZD,∗j3+aZ
D
k3+a

3∑
b=1

ZD,∗ib ZDlb

+ g2
1

3∑
a=1

ZD,∗ia ZDka

3∑
b=1

ZD,∗jb ZDlb + 9g2
2

3∑
a=1

ZD,∗ia ZDka

3∑
b=1

ZD,∗jb ZDlb

− 6g2
3

3∑
a=1

ZD,∗ia ZDka

3∑
b=1

ZD,∗jb ZDlb + 2g2
1

3∑
a=1

ZD,∗i3+aZ
D
k3+a

3∑
b=1

ZD,∗jb ZDlb

+ 6g2
3

3∑
a=1

ZD,∗i3+aZ
D
k3+a

3∑
b=1

ZD,∗jb ZDlb − 18g2
3

3∑
a=1

ZD,∗ja ZDka

3∑
b=1

ZD,∗i3+bZ
D
l3+b

125



+ 18g2
3

3∑
a=1

ZD,∗j3+aZ
D
k3+a

3∑
b=1

ZD,∗i3+bZ
D
l3+b + 2g2

1

3∑
a=1

ZD,∗ia ZDka

3∑
b=1

ZD,∗j3+bZ
D
l3+b

+ 6g2
3

3∑
a=1

ZD,∗ia ZDka

3∑
b=1

ZD,∗j3+bZ
D
l3+b + 4g2

1

3∑
a=1

ZD,∗i3+aZ
D
k3+a

3∑
b=1

ZD,∗j3+bZ
D
l3+b

− 6g2
3

3∑
a=1

ZD,∗i3+aZ
D
k3+a

3∑
b=1

ZD,∗j3+bZ
D
l3+b

+ 72

3∑
b=1

ZD,∗jb

3∑
a=1

Yd,abZ
D
l3+a

3∑
d=1

3∑
c=1

Y ∗d,cdZ
D,∗
i3+cZ

D
kd

+ 72

3∑
b=1

ZD,∗ib

3∑
a=1

Yd,abZ
D
k3+a

3∑
d=1

3∑
c=1

Y ∗d,cdZ
D,∗
j3+cZ

D
ld

))
(398)

d̃iα
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3∑
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3∑
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3∑
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3∑
a=1

ZR,∗ja κν,ab

3∑
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ZR,∗kb
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3∑
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κ∗ν,c1Z
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ic −

3∑
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ZR,∗jb

3∑
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ZR,∗ka κν,ab

3∑
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3∑
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3∑
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3∑
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3∑
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3∑
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3∑
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3∑
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ZR,∗kb

3∑
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3∑
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3∑
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3∑
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3∑
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3∑
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3∑
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3∑
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3∑
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3∑
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3∑
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3∑
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ZR,∗lb

3∑
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3∑
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3∑
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ZR,∗jb

3∑
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3∑
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+

3∑
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3∑
a=1
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3∑
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3∑
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3∑
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3∑
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3∑
b=1
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3∑
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νRi

νRl

νRj

νRk

− i

16

(
2
(
g2

1 + g2
2
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ZR,∗ka Z
R,∗
la

3∑
b=1

ZR,∗ib ZR,∗jb + 2
(
g2

1 + g2
2

) 3∑
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ZR,∗ja ZR,∗la

3∑
b=1

ZR,∗ib ZR,∗kb

+ 2g2
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3∑
a=1

ZR,∗ia ZR,∗la

3∑
b=1

ZR,∗jb ZR,∗kb + 2g2
2

3∑
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ZR,∗ia ZR,∗la

3∑
b=1

ZR,∗jb ZR,∗kb

+ 2g2
1

3∑
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ZR,∗ja ZR,∗ka

3∑
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3∑
a=1

ZR,∗ia ZR,∗ka

3∑
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3∑
a=1

ZR,∗ja κν,ab

3∑
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3∑
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3∑
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+ v2
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l1

3∑
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3∑
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3∑
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R,∗
jc
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R,∗
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3∑
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3∑
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3∑
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R,∗
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uZ

R,∗
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3∑
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ZR,∗ib

3∑
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3∑
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R,∗
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uZ

R,∗
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3∑
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3∑
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R,∗
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3∑
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3∑
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κ∗ν,c1Z
R,∗
jc

+ v2
uZ

R,∗
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3∑
b=1

ZR,∗kb

3∑
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ZR,∗la κν,ab

3∑
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R,∗
jc

+ v2
uZ

R,∗
l1

3∑
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ZR,∗jb

3∑
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3∑
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R,∗
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3∑
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ZR,∗lb

3∑
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3∑
c=1

κ∗ν,c1Z
R,∗
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+ v2
uZ

R,∗
l1

3∑
b=1

ZR,∗ib

3∑
a=1

ZR,∗ja κν,ab

3∑
c=1

κ∗ν,c1Z
R,∗
kc

+ v2
uZ

R,∗
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3∑
b=1

ZR,∗lb

3∑
a=1

ZR,∗ja κν,ab

3∑
c=1
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R,∗
kc

+ v2
uZ

R,∗
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3∑
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ZR,∗ib

3∑
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ZR,∗la κν,ab

3∑
c=1

κ∗ν,c1Z
R,∗
kc

+ v2
uZ

R,∗
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3∑
b=1

ZR,∗jb

3∑
a=1

ZR,∗la κν,ab

3∑
c=1

κ∗ν,c1Z
R,∗
kc

+ v2
uZ

R,∗
k1

3∑
b=1

ZR,∗jb

3∑
a=1

ZR,∗ia κν,ab

3∑
c=1

κ∗ν,c1Z
R,∗
lc

+ v2
uZ

R,∗
j1

3∑
b=1

ZR,∗kb

3∑
a=1

ZR,∗ia κν,ab

3∑
c=1

κ∗ν,c1Z
R,∗
lc

+ v2
uZ

R,∗
k1

3∑
b=1

ZR,∗ib

3∑
a=1

ZR,∗ja κν,ab

3∑
c=1

κ∗ν,c1Z
R,∗
lc

+ v2
uZ

R,∗
i1

3∑
b=1

ZR,∗kb

3∑
a=1

ZR,∗ja κν,ab

3∑
c=1

κ∗ν,c1Z
R,∗
lc

+ v2
uZ

R,∗
j1

3∑
b=1

ZR,∗ib

3∑
a=1

ZR,∗ka κν,ab

3∑
c=1

κ∗ν,c1Z
R,∗
lc

+ v2
uZ

R,∗
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3∑
b=1

ZR,∗jb

3∑
a=1

ZR,∗ka κν,ab
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c=1

κ∗ν,c1Z
R,∗
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)
(421)

9.8 Two Scalar-Two Vector Boson-Interaction
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W−ν
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j

W+
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i

2
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(
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A
j1 + ZAi2Z

A
j2

)(
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)
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Zν
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i

2

(
g1 sin ΘW + g2 cos ΘW

)2(
ZAi1Z

A
j1 + ZAi2Z

A
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)(
gµν

)
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g1g2 cos ΘW

(
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+
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+
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)(
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)
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g1g2 sin ΘW

(
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+
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)
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i
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1
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g1g2 cos ΘW

(
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+
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)(
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)
(426)
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i

Zν

H+
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− 1
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g1g2 sin ΘW

(
ZAi1Z

+
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+
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)(
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)
(427)
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2
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H
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)(
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)
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)
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+
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+
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)
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+
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H
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+
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)
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H
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+
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)
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+
j1 − Z

H
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+
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)(
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)
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2
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+
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+
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)
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4

(
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(
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1

)
sin 2ΘW
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+
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+
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)
(435)

H−i

W−ν
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2
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+
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+
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4
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i
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)
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(
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ũiα

γν
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ũiα

W−ν

d̃∗jβ

gγµ

i
1√
2
g2g3λ

γ
β,α

3∑
a=1

ZU,∗ia ZDja

(
gµν

)
(458)

160
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ZU,∗ia ZUja − 4g1 sin ΘW

3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(459)

ũiα

γν

ũ∗jβ

γµ

i

18
δαβ

(
16g2

1 cos Θ2
W

3∑
a=1

ZU,∗i3+aZ
U
j3+a +

(
3g2 sin ΘW + g1 cos ΘW

)2 3∑
a=1

ZU,∗ia ZUja

)(
gµν

)
(460)

ũiα

W−ν

d̃∗jβ

γµ

i

3

1√
2
g1g2 cos ΘW δαβ

3∑
a=1

ZU,∗ia ZDja

(
gµν

)
(461)
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ũiα

Zν

ũ∗jβ

γµ

− i

36
δαβ

((
− 6g1g2 cos 2ΘW +

(
− 9g2

2 + g2
1

)
sin 2ΘW

) 3∑
a=1

ZU,∗ia ZUja

+ 16g2
1 sin 2ΘW

3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(462)

ũiα

Zν

d̃∗jβ

W−µ

− i

3

1√
2
g1g2δαβ sin ΘW

3∑
a=1

ZU,∗ia ZDja

(
gµν

)
(463)

ũiα

W−ν

ũ∗jβ

W+
µ

i

2
g2

2δαβ

3∑
a=1

ZU,∗ia ZUja

(
gµν

)
(464)
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ũiα

Zν

ũ∗jβ

Zµ

i

18
δαβ

(
16g2

1 sin Θ2
W

3∑
a=1

ZU,∗i3+aZ
U
j3+a +

(
− 3g2 cos ΘW + g1 sin ΘW

)2 3∑
a=1

ZU,∗ia ZUja

)(
gµν

)
(465)

νii

W−ν

νij

W+
µ

i

2
g2

2

3∑
a=1

Zi,∗ia Z
i,∗
ja

(
gµν

)
(466)

νii

Zν

νij

Zµ

i

2

(
g1 sin ΘW + g2 cos ΘW

)2 3∑
a=1

Zi,∗ia Z
i,∗
ja

(
gµν

)
(467)
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νii

W−ν

ẽ∗j

γµ

1

2
g1g2 cos ΘW

3∑
a=1

Zi,∗ia Z
E
ja

(
gµν

)
(468)

νii

Zν

ẽ∗j

W−µ

− 1

2
g1g2 sin ΘW

3∑
a=1

Zi,∗ia Z
E
ja

(
gµν

)
(469)

νRi

W−ν

νRj

W+
µ

i

2
g2

2

3∑
a=1

ZR,∗ia ZR,∗ja

(
gµν

)
(470)
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νRi

Zν

νRj

Zµ

i

2

(
g1 sin ΘW + g2 cos ΘW

)2 3∑
a=1

ZR,∗ia ZR,∗ja

(
gµν

)
(471)

νRi

W−ν

ẽ∗j

γµ

− i

2
g1g2 cos ΘW

3∑
a=1

ZR,∗ia ZEja

(
gµν

)
(472)

νRi

Zν

ẽ∗j

W−µ

i

2
g1g2 sin ΘW

3∑
a=1

ZR,∗ia ZEja

(
gµν

)
(473)

165



9.9 Four Vector Boson-Interaction

gαρ

gδν

gβσ

gγµ

− ig2
3

( 8∑
a=1

fα,δ,afβ,γ,a +

8∑
a=1

fα,γ,afβ,δ,a

)(
gρσgµν

)
(474)

+ ig2
3

(
−

8∑
a=1

fα,β,afγ,δ,a +

8∑
a=1

fα,δ,afβ,γ,a

)(
gρµgσν

)
(475)

+ ig2
3

( 8∑
a=1

fα,γ,afβ,δ,a +

8∑
a=1

fα,β,afγ,δ,a

)(
gρνgσµ

)
(476)

W+
ρ

W−ν

γσ

γµ

ig2
2 sin Θ2

W

(
gρσgµν

)
(477)

+ ig2
2 sin Θ2

W

(
gρµgσν

)
(478)

+ −2ig2
2 sin Θ2

W

(
gρνgσµ

)
(479)
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W+
ρ

Zν

γσ

W−µ

ig2
2 cos ΘW sin ΘW

(
gρσgµν

)
(480)

+ −ig2
2 sin 2ΘW

(
gρµgσν

)
(481)

+ ig2
2 cos ΘW sin ΘW

(
gρνgσµ

)
(482)

W+
ρ

W−ν

W+
σ

W−µ

2ig2
2

(
gρσgµν

)
(483)

+ −ig2
2

(
gρµgσν

)
(484)

+ −ig2
2

(
gρνgσµ

)
(485)

W+
ρ

Zν

W−σ

Zµ
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− 2ig2
2 cos Θ2

W

(
gρσgµν

)
(486)

+ ig2
2 cos Θ2

W

(
gρµgσν

)
(487)

+ ig2
2 cos Θ2

W

(
gρνgσµ

)
(488)

9.10 Two Ghosts-One Vector Boson-Interaction

η̄Gα

ηGβ

gγµ

g3fα,β,γ

(
p
ηGβ
µ

)
(489)

η̄−

ηγ

W−µ

ig2 sin ΘW

(
pη

γ

µ

)
(490)

η̄+

ηγ

W+
µ
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− ig2 sin ΘW

(
pη

γ

µ

)
(491)

η̄−

η−

γµ

− ig2 sin ΘW

(
pη

−

µ

)
(492)

η̄−

η−

Zµ

− ig2 cos ΘW

(
pη

−

µ

)
(493)

η̄γ

η−

W+
µ

ig2 sin ΘW

(
pη

−

µ

)
(494)

169



η̄Z

η−

W+
µ

ig2 cos ΘW

(
pη

−

µ

)
(495)

η̄+

η+

γµ

ig2 sin ΘW

(
pη

+

µ

)
(496)

η̄γ

η+

W−µ

− ig2 sin ΘW

(
pη

+

µ

)
(497)
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η̄Z

η+

W−µ

− ig2 cos ΘW

(
pη

+

µ

)
(498)

η̄+

η+

Zµ

ig2 cos ΘW

(
pη

+

µ

)
(499)

η̄−

ηZ

W−µ

ig2 cos ΘW

(
pη

Z

µ

)
(500)
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η̄+

ηZ

W+
µ

− ig2 cos ΘW

(
pη

Z

µ

)
(501)

9.11 Two Ghosts-One Scalar-Interaction

η̄−

η−

A0
k

1

4
g2

2ξW−

(
vdZ

A
k1 − vuZAk2

)
(502)

η̄+

η+

A0
k

1

4
g2

2ξW−

(
− vdZAk1 + vuZ

A
k2

)
(503)
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η̄Z

ηγ

hk

i

8
ξZ

(
2g1g2 cos 2ΘW +

(
− g2

2 + g2
1

)
sin 2ΘW

)(
vdZ

H
k1 + vuZ

H
k2

)
(504)

η̄−

ηγ

H−k

i

4
g2ξW−

(
g1 cos ΘW + g2 sin ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(505)

η̄+

ηγ

H+
k

i

4
g2ξW−

(
g1 cos ΘW + g2 sin ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(506)
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η̄−

η−

hk

− i

4
g2

2ξW−

(
vdZ

H
k1 + vuZ

H
k2

)
(507)

η̄Z

η−

H+
k

− i

4
g2ξZ

(
g1 sin ΘW + g2 cos ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(508)

η̄+

η+

hk

− i

4
g2

2ξW−

(
vdZ

H
k1 + vuZ

H
k2

)
(509)
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η̄Z

η+

H−k

− i

4
g2ξZ

(
g1 sin ΘW + g2 cos ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(510)

η̄Z

ηZ

hk

− i

4
ξZ

(
g1 sin ΘW + g2 cos ΘW

)2(
vdZ

H
k1 + vuZ

H
k2

)
(511)

η̄−

ηZ

H−k

i

4
g2ξW−

(
− g1 sin ΘW + g2 cos ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(512)

175



η̄+

ηZ

H+
k

i

4
g2ξW−

(
− g1 sin ΘW + g2 cos ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(513)

10 Clebsch-Gordan Coefficients
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