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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)

2 Superpotential and Lagrangian

2.1 Superpotential

W =µ Ĥu Ĥd − Yd d̂ q̂ Ĥd − Ye ê l̂ Ĥd + Yu û q̂ Ĥu (1)

2.2 Softbreaking terms

−LSB,W = −H0
dH

0
uBµ +H−d H

+
u Bµ +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.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 (3)

−LSB,λ =
1

2

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

)
(4)
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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
None

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

)
(8)

γ
(1)

l̂
= − 3

10

(
5g2

2 + g2
1

)
1 + Y †e Ye (9)

γ
(2)

l̂
= −2Y †e YeY

†
e Ye +

3

100

(
125g4

2 + 30g2
1g

2
2 + 69g4

1

)
1 + Y †e Ye

(
− 3Tr

(
YdY

†
d

)
+

6

5
g2

1 − Tr
(
YeY

†
e

))
(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

)
(12)

γ
(1)

Ĥu
= − 3

10

(
− 10Tr

(
YuY

†
u

)
+ 5g2

2 + g2
1

)
(13)

γ
(2)

Ĥu
= −3Tr

(
YdY

†
uYuY

†
d

)
− 9Tr

(
YuY

†
uYuY

†
u

)
+

15

4
g4

2 +
207

100
g4

1 +
4

5

(
20g2

3 + g2
1

)
Tr
(
YuY

†
u

)
+

9

10
g2

1g
2
2 (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

)
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+ 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

(
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

(
6g2

2 − 6Tr
(
YuY

†
u

)
− 2

5
g2

1

)
(18)

γ
(1)
ê = 2Y ∗e Y

T
e −

6

5
g2

11 (19)

γ
(2)
ê = −2Y ∗e Y

T
e Y

∗
e Y

T
e +

234

25
g4

11 + Y ∗e Y
T
e

(
− 2Tr

(
YeY

†
e

)
+ 6g2

2 − 6Tr
(
YdY

†
d

)
− 6

5
g2

1

)
(20)

3.2 Gauge Couplings

β(1)
g1 =

33

5
g3

1 (21)

β(2)
g1 =

1

25
g3

1

(
− 130Tr

(
YuY

†
u

)
+ 135g2

2 + 199g2
1 + 440g2

3 − 70Tr
(
YdY

†
d

)
− 90Tr

(
YeY

†
e

))
(22)

β(1)
g2 = g3

2 (23)

β(2)
g2 =

1

5
g3

2

(
− 10Tr

(
YeY

†
e

)
+ 120g2

3 + 125g2
2 − 30Tr

(
YdY

†
d

)
− 30Tr

(
YuY

†
u

)
+ 9g2

1

)
(24)

β(1)
g3 = −3g3

3 (25)

β(2)
g3 =

1

5
g3

3

(
11g2

1 − 20Tr
(
YdY

†
d

)
− 20Tr

(
YuY

†
u

)
+ 45g2

2 + 70g2
3

)
(26)

3.3 Gaugino Mass Parameters

β
(1)
M1

=
66

5
g2

1M1 (27)

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

)
+ 70Tr

(
Y †d Td

)
+ 90Tr

(
Y †e Te

)
+ 130Tr

(
Y †uTu

))
(28)

β
(1)
M2

= 2g2
2M2 (29)

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

)
+ 30Tr

(
Y †d Td

)
+ 10Tr

(
Y †e Te

)
+ 30Tr

(
Y †uTu

))
(30)

β
(1)
M3

= −6g2
3M3 (31)

β
(2)
M3

=
2

5
g2

3

(
11g2

1M1 + 11g2
1M3 + 45g2

2M3 + 140g2
3M3 + 45g2

2M2 − 20M3Tr
(
YdY

†
d

)
− 20M3Tr

(
YuY

†
u

)
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+ 20Tr
(
Y †d Td

)
+ 20Tr

(
Y †uTu

))
(32)

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 (33)

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

)
+ 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

))
(34)

β
(1)
Ye

= 3YeY
†
e Ye + Ye

(
− 3g2

2 + 3Tr
(
YdY

†
d

)
− 9

5
g2

1 + Tr
(
YeY

†
e

))
(35)

β
(2)
Ye

= −4YeY
†
e YeY

†
e Ye + YeY

†
e Ye

(
− 3Tr

(
YeY

†
e

)
+ 6g2

2 − 9Tr
(
YdY

†
d

))
+

1

10
Ye

(
− 4
(
− 40g2

3 + g2
1

)
Tr
(
YdY

†
d

)
+ 3
(

45g4
1 + 6g2

1g
2
2 + 25g4

2 + 4g2
1Tr
(
YeY

†
e

)
− 30Tr

(
YdY

†
d YdY

†
d

)
− 10Tr

(
YdY

†
uYuY

†
d

)
− 10Tr

(
YeY

†
e YeY

†
e

)))
(36)

β
(1)
Yu

= 3YuY
†
uYu −

1

15
Yu

(
13g2

1 + 45g2
2 − 45Tr

(
YuY

†
u

)
+ 80g2

3

)
+ YuY

†
d Yd (37)

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

)
+ 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

)
− 9Tr

(
YuY

†
uYuY

†
u

))
(38)

3.5 Bilinear Superpotential Parameters

β(1)
µ = 3µTr

(
YdY

†
d

)
− 3

5
µ
(

5g2
2 − 5Tr

(
YuY

†
u

)
+ g2

1

)
+ µTr

(
YeY

†
e

)
(39)

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

)
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− 450Tr
(
YuY

†
uYuY

†
u

))
(40)

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

)
(41)

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

)
− 2

5
YdY

†
d Yd

(
15Tr

(
Y †e Te

)
+ 30g2

2M2 + 45Tr
(
Y †d Td

)
+ 4g2

1M1

)
− 6YdY

†
uYuTr

(
Y †uTu

)
− 9TdTr

(
YdY

†
d YdY

†
d

)
− 3TdTr

(
YdY

†
uYuY

†
d

)
− 3TdTr

(
YeY

†
e YeY

†
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

)
+ 135Tr

(
YuY

†
d TdY

†
u

))
(42)

β
(1)
Te

= +4YeY
†
e Te + 5TeY

†
e Ye −

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

)
(43)

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 − 6TeY

†
e YeY

†
e Ye +

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

)
8



+ 16g2
3TeTr

(
YdY

†
d

)
− 4YeY

†
e TeTr

(
YeY

†
e

)
− 5TeY

†
e YeTr

(
YeY

†
e

)
+

6

5
g2

1TeTr
(
YeY

†
e

)
− 6YeY

†
e Ye

(
2g2

2M2 + 3Tr
(
Y †d Td

)
+ Tr

(
Y †e Te

))
− 9TeTr

(
YdY

†
d YdY

†
d

)
− 3TeTr

(
YdY

†
uYuY

†
d

)
− 3TeTr

(
YeY

†
e YeY

†
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

)
+ 15Tr

(
YuY

†
d TdY

†
u

))
(44)

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

)
+ Yu

(
6g2

2M2 + 6Tr
(
Y †uTu

)
+

26

15
g2

1M1 +
32

3
g2

3M3

)
(45)

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

)
− 2

5
YuY

†
d Yd

(
15Tr

(
Y †d Td

)
+ 2g2

1M1 + 5Tr
(
Y †e Te

))
− 18YuY

†
uYuTr

(
Y †uTu

)
− 3TuTr

(
YdY

†
uYuY

†
d

)
− 9TuTr

(
YuY

†
uYuY

†
u

)
− 2

225
Yu

(
2743g4

1M1 + 225g2
1g

2
2M1 + 680g2

1g
2
3M1 + 680g2

1g
2
3M3 + 1800g2

2g
2
3M3 − 800g4

3M3

+ 225g2
1g

2
2M2 + 3375g4

2M2 + 1800g2
2g

2
3M2 + 180

(
20g2

3M3 + g2
1M1

)
Tr
(
YuY

†
u

)
− 180

(
20g2

3 + g2
1

)
Tr
(
Y †uTu

)
+ 675Tr

(
YdY

†
uTuY

†
d

)
+ 675Tr

(
YuY

†
d TdY

†
u

)
+ 4050Tr

(
YuY

†
uTuY

†
u

))
(46)

3.7 Bilinear Soft-Breaking Parameters

β
(1)
Bµ

= +
6

5
g2

1M1µ+ 6g2
2M2µ+Bµ

(
− 3g2

2 + 3Tr
(
YdY

†
d

)
+ 3Tr

(
YuY

†
u

)
− 3

5
g2

1 + Tr
(
YeY

†
e

))
9



+ 6µTr
(
Y †d Td

)
+ 2µTr

(
Y †e Te

)
+ 6µTr

(
Y †uTu

)
(47)

β
(2)
Bµ

= +Bµ

(207

50
g4

1 +
9

5
g2

1g
2
2 +

15

2
g4

2 −
2

5

(
− 40g2

3 + g2
1

)
Tr
(
YdY

†
d

)
+

6

5
g2

1Tr
(
YeY

†
e

)
+

4

5
g2

1Tr
(
YuY

†
u

)
+ 16g2

3Tr
(
YuY

†
u

)
− 9Tr

(
YdY

†
d YdY

†
d

)
− 6Tr

(
YdY

†
uYuY

†
d

)
− 3Tr

(
YeY

†
e YeY

†
e

)
− 9Tr

(
YuY

†
uYuY

†
u

))
− 2

25
µ
(

207g4
1M1 + 45g2

1g
2
2M1 + 45g2

1g
2
2M2 + 375g4

2M2 − 10
(
− 40g2

3M3 + g2
1M1

)
Tr
(
YdY

†
d

)
+ 30g2

1M1Tr
(
YeY

†
e

)
+ 20g2

1M1Tr
(
YuY

†
u

)
+ 400g2

3M3Tr
(
YuY

†
u

)
+ 10g2

1Tr
(
Y †d Td

)
− 400g2

3Tr
(
Y †d Td

)
− 30g2

1Tr
(
Y †e Te

)
− 20g2

1Tr
(
Y †uTu

)
− 400g2

3Tr
(
Y †uTu

)
+ 450Tr

(
YdY

†
d TdY

†
d

)
+ 150Tr

(
YdY

†
uTuY

†
d

)
+ 150Tr

(
YeY

†
e TeY

†
e

)
+ 150Tr

(
YuY

†
d TdY

†
u

)
+ 450Tr

(
YuY

†
uTuY

†
u

))
(48)

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

))
(49)

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

))
(50)

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

)
− 160g2

3Tr
(
m2
u

)
+ 90m2

Hd
Tr
(
YdY

†
d

)
+ 30m2

Hd
Tr
(
YeY

†
e

)
− 90m2

HuTr
(
YuY

†
u

)
− 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

))
(51)

σ2,2 =
1

2

(
3Tr
(
m2
q

)
+m2

Hd
+m2

Hu + Tr
(
m2
l

))
(52)

σ2,3 =
1

2

(
2Tr
(
m2
q

)
+ Tr

(
m2
d

)
+ Tr

(
m2
u

))
(53)

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 (54)

β
(2)
m2
q

= +
2

5
g2

1g
2
21|M2|2 + 33g4

21|M2|2 + 32g2
2g

2
31|M2|2

10



+
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

)
− 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

)
− 6T †dYdTr

(
Y †d Td

)
− 2T †dYdTr

(
Y †e Te

)
− 6T †uYuTr

(
Y †uTu

)
− 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

)
− 6Y †d YdTr

(
m2
dYdY

†
d

)
− 2Y †d YdTr

(
m2
eYeY

†
e

)
− 2Y †d YdTr

(
m2
l Y
†
e Ye

)
− 6Y †d YdTr

(
m2
qY
†
d Yd

)
− 6Y †uYuTr

(
m2
qY
†
uYu

)
− 6Y †uYuTr

(
m2
uYuY

†
u

)
(55)

β
(1)

m2
l

= −6

5
g2

11|M1|2 − 6g2
21|M2|2 + 2m2

Hd
Y †e Ye + 2T †e Te +m2

l Y
†
e Ye + 2Y †em

2
eYe

+ Y †e Yem
2
l −

√
3

5
g11σ1,1 (56)

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

11



+
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 − 4T †e YeY

†
e Te

− 4T †e TeY
†
e Ye − 2m2

l Y
†
e YeY

†
e Ye − 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 + 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

)
− 2Y †em

2
eYeTr

(
YeY

†
e

)
− Y †e Yem2

lTr
(
YeY

†
e

)
− 6T †e YeTr

(
Y †d Td

)
− 2T †e YeTr

(
Y †e Te

)
− 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 †e YeTr

(
m2
dYdY

†
d

)
− 2Y †e YeTr

(
m2
eYeY

†
e

)
− 2Y †e YeTr

(
m2
l Y
†
e Ye

)
− 6Y †e YeTr

(
m2
qY
†
d Yd

)
(57)

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

)
(58)

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

)
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− 30Tr
(
YeT

†
e TeY

†
e

)
− 15Tr

(
YuY

†
d TdT

†
u

)
− 15Tr

(
YuT

†
dTdY

†
u

)
− 90Tr

(
m2
dYdY

†
d YdY

†
d

)
− 15Tr

(
m2
dYdY

†
uYuY

†
d

)
− 30Tr

(
m2
eYeY

†
e YeY

†
e

)
− 30Tr

(
m2
l Y
†
e YeY

†
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

)))
(59)

β
(1)

m2
Hu

= −6

5
g2

1 |M1|2 − 6g2
2 |M2|2 +

√
3

5
g1σ1,1 + 6m2

HuTr
(
YuY

†
u

)
+ 6Tr

(
T ∗uT

T
u

)
+ 6Tr

(
m2
qY
†
uYu

)
+ 6Tr

(
m2
uYuY

†
u

)
(60)

β
(2)

m2
Hu

= +
3

5
g2

2

(
3g2

1

(
2M2 +M1

)
+ 55g2

2M2

)
M∗2 + 6g4

2σ2,2 +
6

5
g2

1σ2,11 + 4

√
3

5
g1σ3,1 +

8

5
g2

1m
2
HuTr

(
YuY

†
u

)
+ 32g2

3m
2
HuTr

(
YuY

†
u

)
+ 64g2

3 |M3|2Tr
(
YuY

†
u

)
+

1

25
g2

1M
∗
1

(
− 40Tr

(
Y †uTu

)
+ 45g2

2M2 + 621g2
1M1 + 80M1Tr

(
YuY

†
u

)
+ 90g2

2M1

)
− 32g2

3M
∗
3Tr

(
Y †uTu

)
− 8

5
g2

1M1Tr
(
T ∗uY

T
u

)
− 32g2

3M3Tr
(
T ∗uY

T
u

)
+

8

5
g2

1Tr
(
T ∗uT

T
u

)
+ 32g2

3Tr
(
T ∗uT

T
u

)
+

8

5
g2

1Tr
(
m2
qY
†
uYu

)
+ 32g2

3Tr
(
m2
qY
†
uYu

)
+

8

5
g2

1Tr
(
m2
uYuY

†
u

)
+ 32g2

3Tr
(
m2
uYuY

†
u

)
− 6m2

Hd
Tr
(
YdY

†
uYuY

†
d

)
− 6m2

HuTr
(
YdY

†
uYuY

†
d

)
− 6Tr

(
YdY

†
uTuT

†
d

)
− 6Tr

(
YdT

†
uTuY

†
d

)
− 6Tr

(
YuY

†
d TdT

†
u

)
− 36m2

HuTr
(
YuY

†
uYuY

†
u

)
− 36Tr

(
YuY

†
uTuT

†
u

)
− 6Tr

(
YuT

†
dTdY

†
u

)
− 36Tr

(
YuT

†
uTuY

†
u

)
− 6Tr

(
m2
dYdY

†
uYuY

†
d

)
− 6Tr

(
m2
qY
†
d YdY

†
uYu

)
− 6Tr

(
m2
qY
†
uYuY

†
d Yd

)
− 36Tr

(
m2
qY
†
uYuY

†
uYu

)
− 6Tr

(
m2
uYuY

†
d YdY

†
u

)
− 36Tr

(
m2
uYuY

†
uYuY

†
u

)
(61)

β
(1)

m2
d

= − 8

15
g2

11|M1|2 −
32

3
g2

31|M3|2 + 4m2
Hd
YdY

†
d + 4TdT

†
d + 2m2

dYdY
†
d + 4Ydm

2
qY
†
d

+ 2YdY
†
dm

2
d + 2

1√
15
g11σ1,1 (62)

β
(2)

m2
d

= +
64

45
g2

3

(
− 30g2

3M3 + g2
1

(
2M3 +M1

))
1M∗3 +

4

5
g2

1m
2
Hd
YdY

†
d + 12g2

2m
2
Hd
YdY

†
d

+ 24g2
2 |M2|2YdY †d −

4

5
g2

1M1YdT
†
d − 12g2

2M2YdT
†
d

+
4

225
g2

1M
∗
1

(
2
(

303g2
1M1 + 40g2

3

(
2M1 +M3

))
1− 45TdY

†
d + 90M1YdY

†
d

)
− 12g2

2M
∗
2TdY

†
d

+
4

5
g2

1TdT
†
d + 12g2

2TdT
†
d +

2

5
g2

1m
2
dYdY

†
d + 6g2

2m
2
dYdY

†
d

+
4

5
g2

1Ydm
2
qY
†
d + 12g2

2Ydm
2
qY
†
d +

2

5
g2

1YdY
†
dm

2
d + 6g2

2YdY
†
dm

2
d

− 8m2
Hd
YdY

†
d YdY

†
d − 4YdY

†
d TdT

†
d − 4m2

Hd
YdY

†
uYuY

†
d

− 4m2
HuYdY

†
uYuY

†
d − 4YdY

†
uTuT

†
d − 4YdT

†
dTdY

†
d − 4YdT

†
uTuY

†
d

13



− 4TdY
†
d YdT

†
d − 4TdY

†
uYuT

†
d − 4TdT

†
dYdY

†
d − 4TdT

†
uYuY

†
d

− 2m2
dYdY

†
d YdY

†
d − 2m2

dYdY
†
uYuY

†
d − 4Ydm

2
qY
†
d YdY

†
d − 4Ydm

2
qY
†
uYuY

†
d

− 4YdY
†
dm

2
dYdY

†
d − 4YdY

†
d Ydm

2
qY
†
d − 2YdY

†
d YdY

†
dm

2
d − 4YdY

†
um

2
uYuY

†
d

− 4YdY
†
uYum

2
qY
†
d − 2YdY

†
uYuY

†
dm

2
d +

32

3
g4

31σ2,3 +
8

15
g2

11σ2,11 + 8
1√
15
g11σ3,1

− 24m2
Hd
YdY

†
d Tr

(
YdY

†
d

)
− 12TdT

†
dTr

(
YdY

†
d

)
− 6m2

dYdY
†
d Tr

(
YdY

†
d

)
− 12Ydm

2
qY
†
d Tr

(
YdY

†
d

)
− 6YdY

†
dm

2
dTr
(
YdY

†
d

)
− 8m2

Hd
YdY

†
d Tr

(
YeY

†
e

)
− 4TdT

†
dTr

(
YeY

†
e

)
− 2m2

dYdY
†
d Tr

(
YeY

†
e

)
− 4Ydm

2
qY
†
d Tr

(
YeY

†
e

)
− 2YdY

†
dm

2
dTr
(
YeY

†
e

)
− 12YdT

†
dTr

(
Y †d Td

)
− 4YdT

†
dTr

(
Y †e Te

)
− 12TdY

†
d Tr

(
T ∗d Y

T
d

)
− 12YdY

†
d Tr

(
T ∗d T

T
d

)
− 4TdY

†
d Tr

(
T ∗e Y

T
e

)
− 4YdY

†
d Tr

(
T ∗e T

T
e

)
− 12YdY

†
d Tr

(
m2
dYdY

†
d

)
− 4YdY

†
d Tr

(
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eYeY

†
e

)
− 4YdY

†
d Tr

(
m2
l Y
†
e Ye

)
− 12YdY

†
d Tr

(
m2
qY
†
d Yd

)
(63)

β
(1)
m2
u

= −32

15
g2

11|M1|2 −
32

3
g2

31|M3|2 + 4m2
HuYuY

†
u + 4TuT

†
u + 2m2

uYuY
†
u + 4Yum

2
qY
†
u

+ 2YuY
†
um

2
u − 4

1√
15
g11σ1,1 (64)

β
(2)
m2
u

= −128

45
g2

3

(
15g2

3M3 − 2g2
1

(
2M3 +M1

))
1M∗3 −

4
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g2

1m
2
HuYuY

†
u + 12g2
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2
HuYuY

†
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+ 24g2
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†
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†
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2TuY

†
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+
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225
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†
u + TuY

†
u
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(

321g2
1M1 + 40g2

3

(
2M1 +M3

))
1
)
− 4

5
g2

1TuT
†
u

+ 12g2
2TuT

†
u −

2

5
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1m
2
uYuY

†
u + 6g2

2m
2
uYuY

†
u −

4

5
g2

1Yum
2
qY
†
u

+ 12g2
2Yum

2
qY
†
u −

2

5
g2

1YuY
†
um

2
u + 6g2

2YuY
†
um

2
u − 4m2

Hd
YuY

†
d YdY

†
u

− 4m2
HuYuY

†
d YdY

†
u − 4YuY

†
d TdT

†
u − 8m2

HuYuY
†
uYuY

†
u − 4YuY

†
uTuT

†
u

− 4YuT
†
dTdY

†
u − 4YuT

†
uTuY

†
u − 4TuY

†
d YdT

†
u − 4TuY

†
uYuT

†
u

− 4TuT
†
dYdY

†
u − 4TuT

†
uYuY

†
u − 2m2

uYuY
†
d YdY

†
u − 2m2

uYuY
†
uYuY

†
u

− 4Yum
2
qY
†
d YdY

†
u − 4Yum

2
qY
†
uYuY

†
u − 4YuY

†
dm

2
dYdY

†
u

− 4YuY
†
d Ydm

2
qY
†
u − 2YuY

†
d YdY

†
um

2
u − 4YuY

†
um

2
uYuY

†
u − 4YuY

†
uYum

2
qY
†
u

− 2YuY
†
uYuY

†
um

2
u +

32

3
g4

31σ2,3 +
32

15
g2

11σ2,11 − 16
1√
15
g11σ3,1 − 24m2

HuYuY
†
uTr

(
YuY

†
u

)
− 12TuT

†
uTr

(
YuY

†
u

)
− 6m2

uYuY
†
uTr

(
YuY

†
u

)
− 12Yum

2
qY
†
uTr

(
YuY

†
u

)
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− 6YuY
†
um

2
uTr
(
YuY

†
u

)
− 12YuT

†
uTr

(
Y †uTu

)
− 12TuY

†
uTr

(
T ∗uY

T
u

)
− 12YuY

†
uTr
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T ∗uT

T
u

)
− 12YuY

†
uTr

(
m2
qY
†
uYu

)
− 12YuY

†
uTr

(
m2
uYuY

†
u

)
(65)

β
(1)
m2
e

= −24

5
g2

11|M1|2 + 2
(

2m2
Hd
YeY

†
e + 2TeT

†
e + 2Yem

2
l Y
†
e +m2

eYeY
†
e + YeY

†
em

2
e

)
+ 2

√
3

5
g11σ1,1 (66)

β
(2)
m2
e

=
2
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(
6g2

1M
∗
1

(
234g2

1M11 + 5
(
− 2M1YeY

†
e + TeY

†
e

))
+ 20g11

(
3g1σ2,11 +

√
15σ3,1

)
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30g2
2M
∗
2TeY

†
e + 6g2

1TeT
†
e − 30g2

2TeT
†
e + 3g2
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2
eYeY

†
e
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2m

2
eYeY

†
e + 6g2

1Yem
2
l Y
†
e − 30g2

2Yem
2
l Y
†
e + 3g2

1YeY
†
em

2
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− 15g2
2YeY

†
em
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e + 20m2
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YeY

†
e YeY

†
e + 10YeY
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e TeT

†
e + 10YeT

†
e TeY

†
e

+ 10TeY
†
e YeT

†
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†
e YeY

†
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eYeY
†
e YeY

†
e + 10Yem

2
l Y
†
e YeY

†
e

+ 10YeY
†
em

2
eYeY

†
e + 10YeY

†
e Yem

2
l Y
†
e + 5YeY

†
e YeY

†
em

2
e + 30TeT

†
eTr
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YdY

†
d

)
+ 15m2

eYeY
†
e Tr

(
YdY

†
d

)
+ 30Yem

2
l Y
†
e Tr

(
YdY

†
d

)
+ 15YeY

†
em

2
eTr
(
YdY

†
d

)

+ 10TeT
†
eTr

(
YeY

†
e

)
+ 5m2

eYeY
†
e Tr

(
YeY

†
e

)
+ 10Yem

2
l Y
†
e Tr

(
YeY

†
e

)
+ 5YeY

†
em

2
eTr
(
YeY

†
e

)
+ YeT

†
e

(
10Tr

(
Y †e Te

)
+ 30g2

2M2 + 30Tr
(
Y †d Td

)
− 6g2

1M1

)
+ 30TeY

†
e Tr

(
T ∗d Y

T
d

)
+ 10TeY

†
e Tr

(
T ∗e Y

T
e

)
+ 2YeY

†
e

(
3g2

1m
2
Hd
− 15g2

2m
2
Hd
− 30g2

2 |M2|2 + 30m2
Hd

Tr
(
YdY

†
d

)
+ 10m2

Hd
Tr
(
YeY

†
e

)
+ 15Tr

(
T ∗d T

T
d

)
+ 5Tr

(
T ∗e T

T
e

)
+ 15Tr

(
m2
dYdY

†
d

)
+ 5Tr

(
m2
eYeY

†
e

)
+ 5Tr

(
m2
l Y
†
e Ye

)
+ 15Tr

(
m2
qY
†
d Yd

))))
(67)

3.9 Vacuum expectation values

β(1)
vd

=
1

20
vd

(
− 20Tr

(
YeY

†
e

)
+ 3
(

5g2
2 + g2

1

)(
1 + Xi

)
− 60Tr

(
YdY

†
d

))
(68)

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

− 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

))
(69)

β(1)
vu =

3

20
vu

(
− 20Tr

(
YuY

†
u

)
+
(

5g2
2 + g2

1

)(
1 + Xi

))
(70)

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
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− 225g4
2Xi

2 − 40
(

5
(

32g2
3 + 9g2

2Xi
)

+ g2
1

(
9Xi + 8

))
Tr
(
YuY

†
u

)
+ 1200Tr

(
YdY

†
uYuY

†
d

)
+ 3600Tr

(
YuY

†
uYuY

†
u

))
(71)

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

(
Bρ

W3ρ

)
=ZγZ

(
γρ

Zρ

)
(72)(

W1ρ

W2ρ

)
=ZW

(
W−ρ

W−ρ

)
(73)

λW̃ ,1

λW̃ ,2

λW̃ ,3

 =ZW̃


W̃−

W̃+

W̃ 0

 (74)

(75)

The mixing matrices are parametrized by

ZγZ =

(
cos ΘW − sin ΘW

sin ΘW cos ΘW

)
(76)

ZW =

(
1√
2

1√
2

−i 1√
2

i 1√
2

)
(77)

ZW̃ =


1√
2

1√
2

0

−i 1√
2

i 1√
2

0

0 0 1

 (78)

(79)

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

(
− eiηvuµY †d + vdT

†
d

)
δα1β2

1√
2
e−iηδα2β1

(
eiηvdTd − vuYdµ∗

)
md̃Rd̃∗R

 (80)
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md̃Ld̃∗L
= − 1

24

(
3g2

2 + g2
1

)
1
(
− v2

u + v2
d

)
δα1β1

+
1

2
δα1β1

(
2m2

q + v2
dY
†
d Yd

)
(81)

md̃Rd̃∗R
=

1

12
g2

11
(
− v2

d + v2
u

)
δα2β2

+
1

2
δα2β2

(
2m2

d + v2
dYdY

†
d

)
(82)

This matrix is diagonalized by ZD:
ZDm2

d̃
ZD,† = mdia

2,d̃
(83)

with

d̃L,iα =
∑
j

ZD,∗ji d̃jα , d̃R,iα =
∑
j

ZD,∗ji d̃jα (84)

• Mass matrix for Up-Squarks, Basis: (ũL,α1
, ũR,α2

) ,
(
ũ∗L,β1

, ũ∗R,β2

)

m2
ũ =

 mũLũ∗
L

1√
2

(
e−iηvuT

†
u − vdµY †u

)
δα1β2

1√
2
δα2β1

(
eiηvuTu − vdYuµ∗

)
mũRũ∗

R

 (85)

mũLũ∗
L

= − 1

24

(
− 3g2

2 + g2
1

)
1
(
− v2

u + v2
d

)
δα1β1 +

1

2
δα1β1

(
2m2

q + v2
uY
†
uYu

)
(86)

mũRũ∗
R

=
1

2
δα2β2

(
2m2

u + v2
uYuY

†
u

)
+

1

6
g2

11
(
− v2

u + v2
d

)
δα2β2

(87)

This matrix is diagonalized by ZU :
ZUm2

ũZ
U,† = mdia

2,ũ (88)

with

ũL,iα =
∑
j

ZU,∗ji ũjα , ũR,iα =
∑
j

ZU,∗ji ũjα (89)

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

m2
ẽ =

 mẽLẽ∗L
1√
2

(
− eiηvuµY †e + vdT

†
e

)
1√
2

(
− e−iηvuYeµ∗ + vdTe

)
mẽRẽ∗R

 (90)

mẽLẽ∗L
=

1

2
v2
dY
†
e Ye +

1

8

(
− g2

2 + g2
1

)
1
(
− v2

u + v2
d

)
+m2

l (91)

mẽRẽ∗R
=

1

2
v2
dYeY

†
e +

1

4
g2

11
(
− v2

d + v2
u

)
+m2

e (92)

This matrix is diagonalized by ZE :
ZEm2

ẽZ
E,† = mdia

2,ẽ (93)

with

ẽL,i =
∑
j

ZE,∗ji ẽj , ẽR,i =
∑
j

ZE,∗ji ẽj (94)
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• Mass matrix for Sneutrinos, Basis: (ν̃L) , (ν̃∗L)

m2
ν̃ =

(
1
8

(
g2

1 + g2
2

)
1
(
− v2

u + v2
d

)
+m2

l

)
(95)

This matrix is diagonalized by ZV :
ZVm2

ν̃Z
V,† = mdia

2,ν̃ (96)

with

ν̃L,i =
∑
j

ZV,∗ji ν̃j (97)

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

m2
h =


mφdφd mφuφd 0 mσuφd

mφdφu mφuφu mσdφu 0

0 mφuσd mσdσd mσuσd

mφdσu 0 mσdσu mσuσu

+ ξZm
2(Z) (98)

mφdφd =
1

8

(
g2

1 + g2
2

)(
3v2
d − v2

u

)
+m2

Hd
+ |µ|2 (99)

mφdφu = −1

2
e−iη

(
e2iηBµ +B∗µ

)
− 1

4

(
g2

1 + g2
2

)
vdvu (100)

mφuφu = −1

8

(
g2

1 + g2
2

)(
− 3v2

u + v2
d

)
+m2

Hu + |µ|2 (101)

mφuσd = − i
2
e−iη

(
−B∗µ + e2iηBµ

)
(102)

mσdσd =
1

8

(
g2

1 + g2
2

)(
− v2

u + v2
d

)
+m2

Hd
+ |µ|2 (103)

mφdσu = − i
2
e−iη

(
−B∗µ + e2iηBµ

)
(104)

mσdσu =
1

2
e−iη

(
e2iηBµ +B∗µ

)
(105)

mσuσu = −1

8

(
g2

1 + g2
2

)(
− v2

u + v2
d

)
+m2

Hu + |µ|2 (106)

Gauge fixing contributions:

m2(ξZ) =


0 0 0 0

0 0 0 0

0 0 mσdσd mσuσd

0 0 mσdσu mσuσu

 (107)

mσdσd =
1

4
v2
d

(
g1 sin ΘW + g2 cos ΘW

)2

(108)
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mσdσu = −1

4
vdvu

(
g1 sin ΘW + g2 cos ΘW

)2

(109)

mσuσu =
1

4
v2
u

(
g1 sin ΘW + g2 cos ΘW

)2

(110)

This matrix is diagonalized by ZH :
ZHm2

hZ
H,† = mdia

2,h (111)

with

φd =
∑
j

ZHj1hj , φu =
∑
j

ZHj2hj , σd =
∑
j

ZHj3hj (112)

σu =
∑
j

ZHj4hj (113)

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

+,∗
u

)
,
(
H−,∗d , H+

u

)
m2
H− =

(
mH−

d H
−,∗
d

e−iηB∗µ + 1
4g

2
2vdvu

eiηBµ + 1
4g

2
2vdvu mH+,∗

u H+
u

)
+ ξW−m2(W−) (114)

mH−
d H

−,∗
d

=
1

8

(
g2

1

(
− v2

u + v2
d

)
+ g2

2

(
v2
d + v2

u

))
+m2

Hd
+ |µ|2 (115)

mH+,∗
u H+

u
=

1

8

(
g2

1

(
− v2

d + v2
u

)
+ g2

2

(
v2
d + v2

u

))
+m2

Hu + |µ|2 (116)

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

)
(117)

This matrix is diagonalized by Z+:
Z+m2

H−Z+,† = mdia
2,H− (118)

with

H−d =
∑
j

Z+,∗
j1 H−j , H+

u =
∑
j

Z+
j2H

+
j (119)

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
2e
−iηg1vu

0 M2
1
2g2vd − 1

2e
−iηg2vu

− 1
2g1vd

1
2g2vd 0 −µ

1
2e
−iηg1vu − 1

2e
−iηg2vu −µ 0

 (120)
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This matrix is diagonalized by N :
N∗mχ̃0N† = mdia

χ̃0 (121)

with

λB̃ =
∑
j

N∗j1λ
0
j , W̃ 0 =

∑
j

N∗j2λ
0
j , H̃0

d =
∑
j

N∗j3λ
0
j (122)

H̃0
u =

∑
j

N∗j4λ
0
j (123)

• Mass matrix for Charginos, Basis:
(
W̃−, H̃−d

)
,
(
W̃+, H̃+

u

)

mχ̃− =

(
M2

1√
2
e−iηg2vu

1√
2
g2vd µ

)
(124)

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

χ̃− (125)

with

W̃− =
∑
t2

U∗j1λ
−
j , H̃−d =

∑
t2

U∗j2λ
−
j (126)

W̃+ =
∑
t2

V ∗1jλ
+
j , H̃+

u =
∑
t2

V ∗2jλ
+
j (127)

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

me =
(

1√
2
vdY

T
e

)
(128)

This matrix is diagonalized by UeL and UeR

Ue,∗L meU
e,†
R = mdia

e (129)

with

eL,i =
∑
t2

Ue,∗L,jiEL,j (130)

eR,i =
∑
t2

UeR,ijE
∗
R,j (131)

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

)
md =

(
1√
2
vdδα1β1

Y Td

)
(132)

This matrix is diagonalized by UdL and UdR

Ud,∗L mdU
d,†
R = mdia

d (133)
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with

dL,iα =
∑
t2

Ud,∗L,jiDL,jα (134)

dR,iα =
∑
t2

UdR,ijD
∗
R,jα (135)

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

)
mu =

(
1√
2
eiηvuδα1β1

Y Tu

)
(136)

This matrix is diagonalized by UuL and UuR

Uu,∗L muU
u,†
R = mdia

u (137)

with

uL,iα =
∑
t2

Uu,∗L,jiUL,jα (138)

uR,iα =
∑
t2

UuR,ijU
∗
R,jα (139)

5 Vacuum Expectation Values

H0
d =

1√
2
φd +

1√
2
vd + i

1√
2
σd (140)

H0
u =

1√
2
φu +

1√
2
vu + i

1√
2
σu (141)

6 Tadpole Equations

∂V

∂φd
= −1

2
e−iηvu

(
e2iηBµ +B∗µ

)
+

1

8

(
g2

1 + g2
2

)
vd

(
− vu + vd

)(
vd + vu

)
+ vd

(
m2
Hd

+ |µ|2
)

(142)

∂V

∂φu
= −1

2
e−iηvd

(
e2iηBµ +B∗µ

)
+

1

8

(
g2

1 + g2
2

)
vu

(
− v2

d + v2
u

)
+ vu

(
m2
Hu + |µ|2

)
(143)

(144)

7 Particle content for eigenstates ’EWSB’

Name Type complex/real Generations Indices
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d̃ Scalar complex 6 generation, 6, color, 3
ũ Scalar complex 6 generation, 6, color, 3
ẽ Scalar complex 6 generation, 6
ν̃ Scalar complex 3 generation, 3
h Scalar real 4 generation, 4
H− Scalar complex 2 generation, 2

g̃ Fermion Majorana 1 color, 8
ν Fermion Dirac 3 generation, 3
χ̃0 Fermion Majorana 4 generation, 4
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

))
−

2∑
a=1

A0

(
m2
H−
a

)
Γ ˇ̃
di,

ˇ̃
d∗j ,H

+
a ,H

−
a
−

3∑
a=1

A0

(
m2
ν̃a

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ν̃

∗
a ,ν̃a
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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

)
− 1

2

4∑
a=1

A0

(
m2
ha

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ha,ha

− 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

ũa ,m
2
H−
b

)
Γ∗ˇ̃
d∗j ,ũa,H

−
b

Γ ˇ̃
d∗i ,ũa,H

−
b

+

6∑
a=1

4∑
b=1

B0

(
p2,m2

d̃a
,m2

hb

)
Γ∗ˇ̃
d∗j ,d̃a,hb

Γ ˇ̃
d∗i ,d̃a,hb

− 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−

)
(145)

• 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

))
−

2∑
a=1

A0

(
m2
H−
a

)
Γˇ̃ui,ˇ̃u∗

j ,H
+
a ,H

−
a

− 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

)
+

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

)
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+

2∑
a=1

6∑
b=1

B0

(
p2,m2

H−
a
,m2

d̃b

)
Γ∗ˇ̃u∗

j ,H
+
a ,d̃b

Γˇ̃u∗
i ,H

+
a ,d̃b
−

3∑
a=1

A0

(
m2
ν̃a

)
Γˇ̃ui,ˇ̃u∗

j ,ν̃
∗
a ,ν̃a

− 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

)
− 1

2

4∑
a=1

A0

(
m2
ha

)
Γˇ̃ui,ˇ̃u∗

j ,ha,ha
− 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

4∑
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

)
(146)

• 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

))
−

2∑
a=1

A0

(
m2
H−
a

)
Γˇ̃ei,ˇ̃e∗j ,H

+
a ,H

−
a
−

3∑
a=1

A0

(
m2
ν̃a

)
Γˇ̃ei,ˇ̃e∗j ,ν̃

∗
a ,ν̃a

+

3∑
a=1

2∑
b=1

B0

(
p2,m2

ν̃a ,m
2
H−
b

)
Γ∗ˇ̃e∗j ,ν̃a,H

−
b

Γˇ̃e∗i ,ν̃a,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

)
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− 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

)
− 1

2

4∑
a=1

A0

(
m2
ha

)
Γˇ̃ei,ˇ̃e∗j ,ha,ha

− 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

4∑
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−,ν̃b
Γˇ̃e∗i ,W

−,ν̃b
F0

(
p2,m2

ν̃b
,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

)
(147)

• Self-Energy for Sneutrinos (ν̃)

Πi,j(p
2) = +4Γˇ̃νi,ˇ̃ν∗

j ,W
+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γˇ̃νi,ˇ̃ν∗

j ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
−

2∑
a=1

A0

(
m2
H−
a

)
Γˇ̃νi,ˇ̃ν∗

j ,H
+
a ,H

−
a

− 2

2∑
a=1

mχ̃−
a

3∑
b=1

B0

(
p2,m2

χ̃−
a
,m2

eb

)
meb

(
ΓL∗ˇ̃ν∗

j ,χ̃
+
a ,eb

ΓRˇ̃ν∗
i ,χ̃

+
a ,eb

+ ΓR∗ˇ̃ν∗
j ,χ̃

+
a ,eb

ΓLˇ̃ν∗
i ,χ̃

+
a ,eb

)
+

2∑
a=1

3∑
b=1

G0

(
p2,m2

χ̃−
a
,m2

eb

)(
ΓL∗ˇ̃ν∗

j ,χ̃
+
a ,eb

ΓLˇ̃ν∗
i ,χ̃

+
a ,eb

+ ΓR∗ˇ̃ν∗
j ,χ̃

+
a ,eb

ΓRˇ̃ν∗
i ,χ̃

+
a ,eb

)
+

2∑
a=1

6∑
b=1

B0

(
p2,m2

H−
a
,m2

ẽb

)
Γ∗ˇ̃ν∗

j ,H
+
a ,ẽb

Γˇ̃ν∗
i ,H

+
a ,ẽb
−

3∑
a=1

A0

(
m2
ν̃a

)
Γˇ̃νi,ˇ̃ν∗

j ,ν̃
∗
a ,ν̃a

+

3∑
a=1

4∑
b=1

B0

(
p2,m2

ν̃a ,m
2
hb

)
Γ∗ˇ̃ν∗

j ,ν̃a,hb
Γˇ̃ν∗

i ,ν̃a,hb

− 2

3∑
a=1

mνa

4∑
b=1

B0

(
p2,m2

νa ,m
2
χ̃0
b

)
mχ̃0

b

(
ΓL∗ˇ̃ν∗

j ,νa,χ̃
0
b
ΓRˇ̃ν∗

i ,νa,χ̃
0
b

+ ΓR∗ˇ̃ν∗
j ,νa,χ̃

0
b
ΓLˇ̃ν∗

i ,νa,χ̃
0
b

)
+

3∑
a=1

4∑
b=1

G0

(
p2,m2

νa ,m
2
χ̃0
b

)(
ΓL∗ˇ̃ν∗

j ,νa,χ̃
0
b
ΓLˇ̃ν∗

i ,νa,χ̃
0
b

+ ΓR∗ˇ̃ν∗
j ,νa,χ̃

0
b
ΓRˇ̃ν∗

i ,νa,χ̃
0
b

)
− 1

2

4∑
a=1

A0

(
m2
ha

)
Γˇ̃νi,ˇ̃ν∗

j ,ha,ha
− 3

6∑
a=1

A0

(
m2
d̃a

)
Γˇ̃νi,ˇ̃ν∗

j ,d̃
∗
a,d̃a
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−
6∑
a=1

A0

(
m2
ẽa

)
Γˇ̃νi,ˇ̃ν∗

j ,ẽ
∗
a,ẽa
− 3

6∑
a=1

A0

(
m2
ũa

)
Γˇ̃νi,ˇ̃ν∗

j ,ũ
∗
a,ũa

+

3∑
b=1

Γ∗ˇ̃ν∗
j ,Z,ν̃b

Γˇ̃ν∗
i ,Z,ν̃b

F0

(
p2,m2

ν̃b
,m2

Z

)
+

6∑
b=1

Γ∗ˇ̃ν∗
j ,W

+,ẽb
Γˇ̃ν∗

i ,W
+,ẽb

F0

(
p2,m2

ẽb
,m2

W−

)
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• 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

))
−

2∑
a=1

A0

(
m2
H−
a

)
Γȟi,ȟj ,H+

a ,H
−
a

+

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

− 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

)
−

3∑
a=1

A0

(
m2
ν̃a

)
Γȟi,ȟj ,ν̃∗

a ,ν̃a
+

3∑
a=1

3∑
b=1

B0

(
p2,m2

ν̃a ,m
2
ν̃b

)
Γ∗
ȟj ,ν̃∗

a ,ν̃b
Γȟi,ν̃∗

a ,ν̃b

− 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

)
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− 1

2

4∑
a=1

A0

(
m2
ha

)
Γȟi,ȟj ,ha,ha +

1

2

4∑
a=1

4∑
b=1

B0

(
p2,m2

ha ,m
2
hb

)
Γ∗
ȟj ,ha,hb

Γȟi,ha,hb

−
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

2∑
b=1

Γ∗
ȟj ,W+,H−

b

Γȟi,W+,H−
b
F0

(
p2,m2

H−
b

,m2
W−

)
+

4∑
b=1

Γ∗
ȟj ,Z,hb

Γȟi,Z,hbF0

(
p2,m2

hb
,m2

Z

)
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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+

i ,W
−,γ + 4

(
− 1

2
rMS +B0

(
p2,m2

W− ,m2
Z

))
Γ∗
Ȟ+
j ,Z,W

−ΓȞ+
i ,Z,W

−

−B0

(
p2,m2

ηZ ,m
2
η+

)
ΓȞ+

i ,η̄
+,ηZΓȞ−

j ,η
+,η̄Z −B0

(
p2,m2

η− ,m
2
ηZ

)
ΓȞ+

i ,η̄
Z ,η−ΓȞ−

j ,η
Z ,η̄−

+ 4ΓȞ−
i ,Ȟ

+
j ,W

+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2ΓȞ−

i ,Ȟ
+
j ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
−

2∑
a=1

A0

(
m2
H−
a

)
ΓȞ−

i ,Ȟ
+
j ,H

+
a ,H

−
a

+

2∑
a=1

4∑
b=1

B0

(
p2,m2

H−
a
,m2

hb

)
Γ∗
Ȟ+
j ,H

−
a ,hb

ΓȞ+
i ,H

−
a ,hb

−
3∑
a=1

A0

(
m2
ν̃a

)
ΓȞ−

i ,Ȟ
+
j ,ν̃

∗
a ,ν̃a

− 6

3∑
a=1

mua

3∑
b=1

B0

(
p2,m2

ua ,m
2
db

)
mdb

(
ΓL∗
Ȟ+
j ,ūa,db

ΓR
Ȟ+
i ,ūa,db

+ ΓR∗
Ȟ+
j ,ūa,db

ΓL
Ȟ+
i ,ūa,db

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

ua ,m
2
db

)(
ΓL∗
Ȟ+
j ,ūa,db

ΓL
Ȟ+
i ,ūa,db

+ ΓR∗
Ȟ+
j ,ūa,db

ΓR
Ȟ+
i ,ūa,db

)
− 2

3∑
a=1

mνa

3∑
b=1

B0

(
p2,m2

νa ,m
2
eb

)
meb

(
ΓL∗
Ȟ+
j ,ν̄a,eb

ΓR
Ȟ+
i ,ν̄a,eb

+ ΓR∗
Ȟ+
j ,ν̄a,eb

ΓL
Ȟ+
i ,ν̄a,eb

)
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+

3∑
a=1

3∑
b=1

G0

(
p2,m2

νa ,m
2
eb

)(
ΓL∗
Ȟ+
j ,ν̄a,eb

ΓL
Ȟ+
i ,ν̄a,eb

+ ΓR∗
Ȟ+
j ,ν̄a,eb

ΓR
Ȟ+
i ,ν̄a,eb

)
+

3∑
a=1

6∑
b=1

B0

(
p2,m2

ν̃a ,m
2
ẽb

)
Γ∗
Ȟ+
j ,ν̃

∗
a ,ẽb

ΓȞ+
i ,ν̃

∗
a ,ẽb
− 1

2

4∑
a=1

A0

(
m2
ha

)
ΓȞ−

i ,Ȟ
+
j ,ha,ha

− 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 ,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

)
+

4∑
b=1

Γ∗
Ȟ+
j ,W

−,hb
ΓȞ+

i ,W
−,hb

F0

(
p2,m2

hb
,m2

W−

)
(150)

• 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

3∑
a=1

3∑
b=1

B0

(
p2,m2

νb
,m2

ν̃a

)
ΓL∗ˇ̃χ0

j ,ν̃
∗
a ,νb

mνbΓ
R
ˇ̃χ0
i ,ν̃

∗
a ,νb

+

4∑
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

+ 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
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− 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

(151)

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

−
3∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

ν̃a

)
ΓR∗ˇ̃χ0

j ,ν̃
∗
a ,νb

ΓRˇ̃χ0
i ,ν̃

∗
a ,νb

− 1

2

4∑
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

− 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

(152)

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

−
3∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

ν̃a

)
ΓL∗ˇ̃χ0

j ,ν̃
∗
a ,νb

ΓLˇ̃χ0
i ,ν̃

∗
a ,νb

− 1

2

4∑
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

− 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
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− 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

(153)

• Self-Energy for Charginos (χ̃−)

ΣSi,j(p
2) = +

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

ν̃a

)
ΓL∗ˇ̃χ+

j ,ν̃
∗
a ,eb

mebΓ
R
ˇ̃χ+
i ,ν̃

∗
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∑
a=1

mνa

6∑
b=1

B0

(
p2,m2

νa ,m
2
ẽb

)
ΓL∗ˇ̃χ+

j ,ν̄a,ẽb
ΓRˇ̃χ+

i ,ν̄a,ẽb

+

4∑
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

+ 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

− 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

(154)

ΣRi,j(p
2) = −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

ν̃a

)
ΓR∗ˇ̃χ+

j ,ν̃
∗
a ,eb

ΓRˇ̃χ+
i ,ν̃

∗
a ,eb

− 3

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

ua ,m
2
d̃b

)
ΓR∗ˇ̃χ+

j ,ūa,d̃b
ΓRˇ̃χ+

i ,ūa,d̃b

− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

νa ,m
2
ẽb

)
ΓR∗ˇ̃χ+

j ,ν̄a,ẽb
ΓRˇ̃χ+

i ,ν̄a,ẽb
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− 1

2

4∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ha

)
ΓR∗ˇ̃χ+

j ,ha,χ̃
−
b

ΓRˇ̃χ+
i ,ha,χ̃

−
b

− 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
−

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

(155)

ΣLi,j(p
2) = −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

ν̃a

)
ΓL∗ˇ̃χ+

j ,ν̃
∗
a ,eb

ΓLˇ̃χ+
i ,ν̃

∗
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

− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

νa ,m
2
ẽb

)
ΓL∗ˇ̃χ+

j ,ν̄a,ẽb
ΓLˇ̃χ+

i ,ν̄a,ẽb

− 1

2

4∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ha

)
ΓL∗ˇ̃χ+

j ,ha,χ̃
−
b

ΓLˇ̃χ+
i ,ha,χ̃

−
b

− 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
−

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

(156)

• Self-Energy for Leptons (e)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

νb
,m2

H−
a

)
ΓL∗ˇ̄ej ,H

−
a ,νb

mνbΓ
R
ˇ̄ei,H

−
a ,νb

+

3∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−
b

,m2
ν̃a

)
ΓL∗ˇ̄ej ,ν̃a,χ̃

−
b

mχ̃−
b

ΓRˇ̄ei,ν̃a,χ̃−
b

+

4∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

ha

)
ΓL∗ˇ̄ej ,ha,eb

mebΓ
R
ˇ̄ei,ha,eb

+

6∑
a=1

4∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

ẽa

)
ΓL∗ˇ̄ej ,ẽa,χ̃0

b
mχ̃0

b
ΓRˇ̄ei,ẽa,χ̃0

b
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− 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

(157)

ΣRi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

H−
a

)
ΓR∗ˇ̄ej ,H

−
a ,νb

ΓRˇ̄ei,H−
a ,νb

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ν̃a

)
ΓR∗ˇ̄ej ,ν̃a,χ̃

−
b

ΓRˇ̄ei,ν̃a,χ̃−
b

− 1

2

4∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ha

)
ΓR∗ˇ̄ej ,ha,eb

ΓRˇ̄ei,ha,eb

− 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 (158)

ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

H−
a

)
ΓL∗ˇ̄ej ,H

−
a ,νb

ΓLˇ̄ei,H−
a ,νb

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ν̃a

)
ΓL∗ˇ̄ej ,ν̃a,χ̃

−
b

ΓLˇ̄ei,ν̃a,χ̃−
b

− 1

2

4∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ha

)
ΓL∗ˇ̄ej ,ha,eb

ΓLˇ̄ei,ha,eb

− 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 (159)

• Self-Energy for Down-Quarks (d)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

H−
a

)
ΓL∗ˇ̄dj ,H−

a ,ub
mubΓ

R
ˇ̄di,H

−
a ,ub
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+

4∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

ha

)
ΓL∗ˇ̄dj ,ha,db

mdbΓ
R
ˇ̄di,ha,db

+

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

− 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

(160)

ΣRi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

H−
a

)
ΓR∗ˇ̄dj ,H−

a ,ub
ΓRˇ̄di,H−

a ,ub

− 1

2

4∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ha

)
ΓR∗ˇ̄dj ,ha,db

ΓRˇ̄di,ha,db

− 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
(161)

ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

H−
a

)
ΓL∗ˇ̄dj ,H−

a ,ub
ΓLˇ̄di,H−

a ,ub
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− 1

2

4∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ha

)
ΓL∗ˇ̄dj ,ha,db

ΓLˇ̄di,ha,db

− 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

− 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
(162)

• 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

mχ̃−
a

6∑
b=1

B0

(
p2,m2

χ̃−
a
,m2

d̃b

)
ΓL∗ˇ̄uj ,χ̃

+
a ,d̃b

ΓRˇ̄ui,χ̃+
a ,d̃b

+

4∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

ha

)
ΓL∗ˇ̄uj ,ha,ub

mubΓ
R
ˇ̄ui,ha,ub

+

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

(163)

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

34



− 1

2

2∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃−
a
,m2

d̃b

)
ΓR∗ˇ̄uj ,χ̃

+
a ,d̃b

ΓRˇ̄ui,χ̃+
a ,d̃b

− 1

2

4∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ha

)
ΓR∗ˇ̄uj ,ha,ub

ΓRˇ̄ui,ha,ub

− 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
(164)

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

6∑
b=1

B1

(
p2,m2

χ̃−
a
,m2

d̃b

)
ΓL∗ˇ̄uj ,χ̃

+
a ,d̃b

ΓLˇ̄ui,χ̃+
a ,d̃b

− 1

2

4∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ha

)
ΓL∗ˇ̄uj ,ha,ub

ΓLˇ̄ui,ha,ub

− 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
(165)

• 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

(166)

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 (167)

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 (168)

• 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
))

+

2∑
a=1

A0

(
m2
H−
a

)
ΓZ,Z,H+

a ,H
−
a
− 4

2∑
a=1

2∑
b=1

|ΓZ,H+
a ,H

−
b
|2B00

(
p2,m2

H−
a
,m2

H−
b

)
+

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

)]
+

3∑
a=1

A0

(
m2
ν̃a

)
ΓZ,Z,ν̃∗

a ,ν̃a
− 4

3∑
a=1

3∑
b=1

|ΓZ,ν̃∗
a ,ν̃b
|2B00

(
p2,m2

ν̃a ,m
2
ν̃b

)
+ 3

3∑
a=1

3∑
b=1

[(
|ΓLZ,d̄a,db |

2 + |ΓRZ,d̄a,db |
2
)
H0

(
p2,m2

da ,m
2
db

)
+ 4B0

(
p2,m2

da ,m
2
db

)
mdamdb<

(
ΓL∗Z,d̄a,dbΓ

R
Z,d̄a,db

)]
+

3∑
a=1

3∑
b=1

[(
|ΓLZ,ēa,eb |

2 + |ΓRZ,ēa,eb |
2
)
H0

(
p2,m2

ea ,m
2
eb

)
+ 4B0

(
p2,m2

ea ,m
2
eb

)
meameb<

(
ΓL∗Z,ēa,ebΓ

R
Z,ēa,eb

)]
+ 3

3∑
a=1

3∑
b=1

[(
|ΓLZ,ūa,ub |

2 + |ΓRZ,ūa,ub |
2
)
H0

(
p2,m2

ua ,m
2
ub

)
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+ 4B0

(
p2,m2

ua ,m
2
ub

)
muamub<

(
ΓL∗Z,ūa,ubΓ

R
Z,ūa,ub

)]
+

3∑
a=1

3∑
b=1

[(
|ΓLZ,ν̄a,νb |

2 + |ΓRZ,ν̄a,νb |
2
)
H0

(
p2,m2

νa ,m
2
νb

)
+ 4B0

(
p2,m2

νa ,m
2
νb

)
mνamνb<

(
ΓL∗Z,ν̄a,νbΓ

R
Z,ν̄a,νb

)]
+

1

2

4∑
a=1

A0

(
m2
ha

)
ΓZ,Z,ha,ha − 2

4∑
a=1

4∑
b=1

|ΓZ,ha,hb |2B00

(
p2,m2

ha ,m
2
hb

)
+

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

)
+

4∑
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−

)
(169)

• 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

4∑
b=1

|ΓW+,H−
a ,hb
|2B00

(
p2,m2

hb
,m2

H−
a

)
− 4

3∑
a=1

6∑
b=1

|ΓW+,ν̃∗
a ,ẽb
|2B00

(
p2,m2

ẽb
,m2

ν̃a

)
−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

4∑
a=1

A0

(
m2
ha

)
ΓW−,W+,ha,ha + |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

A0

(
m2
ν̃a

)
ΓW−,W+,ν̃∗

a ,ν̃a
+

3∑
a=1

3∑
b=1

[(
|ΓLW+,ν̄a,eb

|2 + |ΓRW+,ν̄a,eb
|2
)
H0

(
p2,m2

νa ,m
2
eb

)
+ 4B0

(
p2,m2

νa ,m
2
eb

)
mebmνa<

(
ΓL∗W+,ν̄a,eb

ΓRW+,ν̄a,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+,Z,H−
b
|2B0

(
p2,m2

Z ,m
2
H−
b

)
+

4∑
b=1

|ΓW+,W−,hb |
2B0

(
p2,m2

W− ,m2
hb

)
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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

))
−

2∑
a=1

A0

(
m2
H−
a

)
Γȟi,H+

a ,H
−
a

+ 2

2∑
a=1

A0

(
m2
χ̃−
a

)
mχ̃−

a

(
ΓL
ȟi,χ̃

+
a ,χ̃

−
a

+ ΓR
ȟi,χ̃

+
a ,χ̃

−
a

)
−

3∑
a=1

A0

(
m2
ν̃a

)
Γȟi,ν̃∗

a ,ν̃a

+ 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

)
− 1

2

4∑
a=1

A0

(
m2
ha

)
Γȟi,ha,ha

+

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
(171)

9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

hi

hj

hk

− i

4

(
g2

1 + g2
2

)(
vdZ

H
i3Z

H
j3Z

H
k1 − vdZHi4ZHj4ZHk1 − vuZHi3ZHj3ZHk2 + vuZ

H
i4Z

H
j4Z

H
k2

+ vdZ
H
i3Z

H
j1Z

H
k3 − vuZHi3ZHj2ZHk3 − vdZHi4ZHj1ZHk4 + vuZ

H
i4Z

H
j2Z

H
k4

− ZHi1
(
− vdZHj3ZHk3 + vdZ

H
j4Z

H
k4 + ZHj1

(
− 3vdZ

H
k1 + vuZ

H
k2

)
+ ZHj2

(
vdZ

H
k2 + vuZ

H
k1

))
− ZHi2

(
vu

(
ZHj3Z

H
k3 − ZHj4ZHk4

)
+ ZHj1

(
vdZ

H
k2 + vuZ

H
k1

)
+ ZHj2

(
− 3vuZ

H
k2 + vdZ

H
k1

)))
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hi

H−j

H+
k

− i

4

(
Z+,∗
j1

(
− ig2

2

(
vdZ

H
i4 + vuZ

H
i3

)
Z+
k2 + ZHi2

((
− g2

1 + g2
2

)
vuZ

+
k1 + g2

2vdZ
+
k2

)
+ ZHi1

((
g2

1 + g2
2

)
vdZ

+
k1 + g2

2vuZ
+
k2

))
+ Z+,∗

j2

(
ig2

2

(
vdZ

H
i4 + vuZ

H
i3

)
Z+
k1 + ZHi1

((
− g2

1 + g2
2

)
vdZ

+
k2 + g2

2vuZ
+
k1

)
+ ZHi2

((
g2

1 + g2
2

)
vuZ

+
k2 + g2

2vdZ
+
k1

)))
(173)

hi

d̃jβ

d̃∗kγ

1

12
e−iηδβγ

(
ieiη
(

3g2
2 + g2

1

) 3∑
a=1

ZD,∗ja ZDka

(
vdZ

H
i1 − vuZHi2

)
+ 2
(
ieiηg2

1

3∑
a=1

ZD,∗j3+aZ
D
k3+a

(
vdZ

H
i1 − vuZHi2

)
+ 3
(
− 2ieiηvd

3∑
c=1

ZD,∗j3+c

3∑
b=1

3∑
a=1

Y ∗d,caYd,baZ
D
k3+bZ

H
i1

− 2ieiηvd

3∑
c=1

3∑
b=1

ZD,∗jb

3∑
a=1

Y ∗d,acYd,abZ
D
kcZ

H
i1 + i

√
2µ∗

3∑
b=1

ZD,∗jb

3∑
a=1

Yd,abZ
D
k3+aZ

H
i2

+ i
√

2e2iηµ

3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
j3+aZ

D
kbZ

H
i2
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− i
√

2eiη
3∑
b=1

3∑
a=1

ZD,∗j3+aT
∗
d,abZ

D
kb

(
− iZHi3 + ZHi1

)
+
√

2eiη
3∑
b=1

ZD,∗jb

3∑
a=1

ZDk3+aTd,ab

(
− iZHi1 + ZHi3

)
+
√

2µ∗
3∑
b=1

ZD,∗jb

3∑
a=1

Yd,abZ
D
k3+aZ

H
i4

−
√

2e2iηµ

3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
j3+aZ

D
kbZ

H
i4

)))
(174)

hi

ẽj

ẽ∗k

1

4
e−iη

(
− ieiη

(
− g2

2 + g2
1

) 3∑
a=1

ZE,∗ja ZEka

(
vdZ

H
i1 − vuZHi2

)
+ 2
(
− i
√

2eiη
3∑
b=1

3∑
a=1

ZE,∗j3+aT
∗
e,abZ

E
kbZ

H
i1

− 2ieiηvd

3∑
c=1

ZE,∗j3+c

3∑
b=1

3∑
a=1

Y ∗e,caYe,baZ
E
k3+bZ

H
i1

− 2ieiηvd

3∑
c=1

3∑
b=1

ZE,∗jb

3∑
a=1

Y ∗e,acYe,abZ
E
kcZ

H
i1 + i

√
2µ∗

3∑
b=1

ZE,∗jb

3∑
a=1

Ye,abZ
E
k3+aZ

H
i2

+ i
√

2e2iηµ

3∑
b=1

3∑
a=1

Y ∗e,abZ
E,∗
j3+aZ

E
kbZ

H
i2

+ ieiηg2
1

3∑
a=1

ZE,∗j3+aZ
E
k3+a

(
vdZ

H
i1 − vuZHi2

)
−
√

2eiη
3∑
b=1

3∑
a=1

ZE,∗j3+aT
∗
e,abZ

E
kbZ

H
i3

+
√

2eiη
3∑
b=1

ZE,∗jb

3∑
a=1

ZEk3+aTe,ab

(
− iZHi1 + ZHi3

)
+
√

2µ∗
3∑
b=1

ZE,∗jb

3∑
a=1

Ye,abZ
E
k3+aZ

H
i4

−
√

2e2iηµ

3∑
b=1

3∑
a=1

Y ∗e,abZ
E,∗
j3+aZ

E
kbZ

H
i4

))
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hi

ũjβ

ũ∗kγ

1

12
e−iηδβγ

(
ieiη
(
− 3g2

2 + g2
1

) 3∑
a=1

ZU,∗ja Z
U
ka

(
vdZ

H
i1 − vuZHi2

)
+ 2
(
− 2ieiηg2

1

3∑
a=1

ZU,∗j3+aZ
U
k3+a

(
vdZ

H
i1 − vuZHi2

)
+ 3
(
− i
√

2e2iη
3∑
b=1

ZU,∗jb

3∑
a=1

ZUk3+aTu,abZ
H
i2 − i

√
2

3∑
b=1

3∑
a=1

ZU,∗j3+aT
∗
u,abZ

U
kbZ

H
i2

− 2ieiηvu

3∑
c=1

ZU,∗j3+c

3∑
b=1

3∑
a=1

Y ∗u,caYu,baZ
U
k3+bZ

H
i2

− 2ieiηvu

3∑
c=1

3∑
b=1

ZU,∗jb

3∑
a=1

Y ∗u,acYu,abZ
U
kcZ

H
i2

+ i
√

2eiηµ

3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
j3+aZ

U
kb

(
iZHi3 + ZHi1

)
+
√

2eiηµ∗
3∑
b=1

ZU,∗jb

3∑
a=1

Yu,abZ
U
k3+a

(
iZHi1 + ZHi3

)
+
√

2e2iη
3∑
b=1

ZU,∗jb

3∑
a=1

ZUk3+aTu,abZ
H
i4

−
√

2
3∑
b=1

3∑
a=1

ZU,∗j3+aT
∗
u,abZ

U
kbZ

H
i4

)))
(176)

hi

ν̃j

ν̃∗k
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− i

4

(
g2

1 + g2
2

)
δjk

(
vdZ

H
i1 − vuZHi2

)
(177)

H−i

ũjβ

d̃∗kγ

− i

4
e−iηδβγ

(
Z+,∗
i1

(√
2eiηg2

2vd

3∑
a=1

ZU,∗ja Z
D
ka

− 2
(

2eiη
3∑
b=1

ZU,∗jb

3∑
a=1

ZDk3+aTd,ab + 2eiηµ

3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
j3+aZ

D
kb

+
√

2
(
eiηvd

3∑
c=1

3∑
b=1

ZU,∗jb

3∑
a=1

Y ∗d,acYd,abZ
D
kc + vu

3∑
c=1

ZU,∗j3+c

3∑
b=1

3∑
a=1

Y ∗u,caYd,baZ
D
k3+b

)))
+ Z+,∗

i2

(√
2eiηg2

2vu

3∑
a=1

ZU,∗ja Z
D
ka

− 2
(

2µ∗
3∑
b=1

ZU,∗jb

3∑
a=1

Yd,abZ
D
k3+a + 2

3∑
b=1

3∑
a=1

ZU,∗j3+aT
∗
u,abZ

D
kb

+
√

2
(
eiηvu

3∑
c=1

3∑
b=1

ZU,∗jb

3∑
a=1

Y ∗u,acYu,abZ
D
kc + vd

3∑
c=1

ZU,∗j3+c

3∑
b=1

3∑
a=1

Y ∗u,caYd,baZ
D
k3+b

))))
(178)

H−i

ν̃j

ẽ∗k

− i

4
e−iη

(
Z+,∗
i2

(
− 4µ∗

3∑
b=1

ZV,∗jb

3∑
a=1

Ye,abZ
E
k3+a +

√
2eiηg2

2vu

3∑
a=1

ZV,∗ja Z
E
ka

)

42



+ eiηZ+,∗
i1

(√
2g2

2vd

3∑
a=1

ZV,∗ja Z
E
ka − 4

3∑
b=1

ZV,∗jb

3∑
a=1

ZEk3+aTe,ab

− 2
√

2vd

3∑
c=1

3∑
b=1

ZV,∗jb

3∑
a=1

Y ∗e,acYe,abZ
E
kc

))
(179)

d̃iα

H+
j

ũ∗kγ

− i

4
δαγ

(√
2g2

2

3∑
a=1

ZD,∗ia ZUka

(
vdZ

+
j1 + vuZ

+
j2

)
− 2
(

2µ∗
3∑
b=1

ZD,∗ib

3∑
a=1

Yu,abZ
U
k3+aZ

+
j1 + 2

3∑
b=1

3∑
a=1

ZD,∗i3+aT
∗
d,abZ

U
kbZ

+
j1

+
√

2eiηvu

3∑
c=1

ZD,∗i3+c

3∑
b=1

3∑
a=1

Y ∗d,caYu,baZ
U
k3+bZ

+
j1

+
√

2vd

3∑
c=1

3∑
b=1

ZD,∗ib

3∑
a=1

Y ∗d,acYd,abZ
U
kcZ

+
j1 + 2eiη

3∑
b=1

ZD,∗ib

3∑
a=1

ZUk3+aTu,abZ
+
j2

+ 2eiηµ

3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
i3+aZ

U
kbZ

+
j2

+
√

2eiηvd

3∑
c=1

ZD,∗i3+c

3∑
b=1

3∑
a=1

Y ∗d,caYu,baZ
U
k3+bZ

+
j2

+
√

2vu

3∑
c=1

3∑
b=1

ZD,∗ib

3∑
a=1

Y ∗u,acYu,abZ
U
kcZ

+
j2

))
(180)

43



ẽi

H+
j

ν̃∗k

− i

4

(√
2g2

2

3∑
a=1

ZE,∗ia ZVka

(
vdZ

+
j1 + vuZ

+
j2

)
− 2
(

2

3∑
b=1

3∑
a=1

ZE,∗i3+aT
∗
e,abZ

V
kbZ

+
j1 +

√
2vd

3∑
c=1

3∑
b=1

ZE,∗ib

3∑
a=1

Y ∗e,acYe,abZ
V
kcZ

+
j1

+ 2eiηµ

3∑
b=1

3∑
a=1

Y ∗e,abZ
E,∗
i3+aZ

V
kbZ

+
j2

))
(181)

9.2 Two Scalar-One Vector Boson-Interaction

hi

hj

Zµ

1

2

(
g1 sin ΘW + g2 cos ΘW

)(
− ZHi1ZHj3 + ZHi2Z

H
j4 + ZHi3Z

H
j1 − ZHi4ZHj2

)(
− phjµ + phiµ

)
(182)

hi

H−j

W+
µ
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1

2
g2

(
Z+,∗
j1

(
iZHi1 + ZHi3

)
+ Z+,∗

j2

(
− iZHi2 + ZHi4

))(
− pH

−
j

µ + phiµ

)
(183)

hi

H+
j

W−µ

1

2
g2

(
− iZHi1Z+

j1 +
(
iZHi2 + ZHi4

)
Z+
j2 + ZHi3Z

+
j1

)(
− pH

+
j

µ + phiµ

)
(184)

H−i

H+
j

γµ

i

2

(
g1 cos ΘW + g2 sin ΘW

)(
Z+,∗
i1 Z+

j1 + Z+,∗
i2 Z+

j2

)(
− pH

+
j

µ + p
H−
i

µ

)
(185)

H−i

H+
j

Zµ

i

2

(
− g1 sin ΘW + g2 cos ΘW

)(
Z+,∗
i1 Z+

j1 + Z+,∗
i2 Z+

j2

)(
− pH

+
j

µ + p
H−
i

µ

)
(186)
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d̃iα

d̃∗jβ

gγµ

− i

2
g3δijλ

γ
β,α

(
− pd̃

∗
jβ
µ + pd̃iαµ

)
(187)

d̃iα

d̃∗jβ

γµ

− i

6
δαβ

(
− 2g1 cos ΘW

3∑
a=1

ZD,∗i3+aZ
D
j3+a +

(
− 3g2 sin ΘW + g1 cos ΘW

) 3∑
a=1

ZD,∗ia ZDja

)(
− pd̃

∗
jβ
µ + pd̃iαµ

)
(188)

d̃iα

d̃∗jβ

Zµ

i

6
δαβ

(
− 2g1 sin ΘW

3∑
a=1

ZD,∗i3+aZ
D
j3+a +

(
3g2 cos ΘW + g1 sin ΘW

) 3∑
a=1

ZD,∗ia ZDja

)(
− pd̃

∗
jβ
µ + pd̃iαµ

)
(189)
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d̃iα

ũ∗jβ

W+
µ

− i 1√
2
g2δαβ

3∑
a=1

ZD,∗ia ZUja

(
− pũ

∗
jβ
µ + pd̃iαµ

)
(190)

ẽi

ẽ∗j

γµ

i

2

(
2g1 cos ΘW

3∑
a=1

ZE,∗i3+aZ
E
j3+a +

(
g1 cos ΘW + g2 sin ΘW

) 3∑
a=1

ZE,∗ia ZEja

)(
− pẽ

∗
j
µ + pẽiµ

)
(191)

ẽi

ẽ∗j

Zµ

i

2

(
− 2g1 sin ΘW

3∑
a=1

ZE,∗i3+aZ
E
j3+a +

(
− g1 sin ΘW + g2 cos ΘW

) 3∑
a=1

ZE,∗ia ZEja

)(
− pẽ

∗
j
µ + pẽiµ

)
(192)
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ẽi

ν̃∗j

W+
µ

− i 1√
2
g2

3∑
a=1

ZE,∗ia ZVja

(
− pν̃

∗
j
µ + pẽiµ

)
(193)

ũiα

ũ∗jβ

gγµ

− i

2
g3δijλ

γ
β,α

(
− pũ

∗
jβ
µ + pũiαµ

)
(194)

ũiα

ũ∗jβ

γµ

− i

6
δαβ

((
3g2 sin ΘW + g1 cos ΘW

) 3∑
a=1

ZU,∗ia ZUja + 4g1 cos ΘW

3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
− pũ

∗
jβ
µ + pũiαµ

)
(195)
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ũiα

d̃∗jβ

W−µ

− i 1√
2
g2δαβ

3∑
a=1

ZU,∗ia ZDja

(
− pd̃

∗
jβ
µ + pũiαµ

)
(196)

ũiα

ũ∗jβ

Zµ

− i

6
δαβ

((
3g2 cos ΘW − g1 sin ΘW

) 3∑
a=1

ZU,∗ia ZUja − 4g1 sin ΘW

3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
− pũ

∗
jβ
µ + pũiαµ

)
(197)

ν̃i
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ũ∗kγ

65



− 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

)
(273)

+ iδβγ

3∑
b=1

3∑
a=1

Y ∗d,abU
d
R,jaZ

U
kbUi2

(1 + γ5

2

)
(274)
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)
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ūiα

g̃β

ũkγ

i
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2
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β
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ZU,∗k3+aU
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2
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+ −i 1√
2
g3φ
∗
g̃λ
β
α,γ

3∑
a=1

ZU,∗ka U
u
L,ia

(1 + γ5

2

)
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χ̃+
i

ūjβ

d̃kγ

iV ∗i2δβγ

3∑
b=1

ZD,∗kb

3∑
a=1

Uu,∗R,jaYu,ab

(1− γ5

2

)
(294)

+ −iδβγ
(
g2

3∑
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3∑
b=1
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k3+aU

u
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2

)
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χ̃+
i

ν̄j

ẽk

(296)

+ −i
(
g2Z

E,∗
kj Θj,3Ui1 −
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Y ∗e,ajZ
E,∗
k3+aUi2

)(1 + γ5

2

)
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9.6 Three Vector Boson-Interaction

gαρ

gβσ

gγµ

g3fα,β,γ

(
gρµ

(
− pgγµσ + pgαρσ

)
+ gρσ

(
− pgαρµ + p

gβσ
µ

)
+ gσµ

(
− pgβσρ + pgγµρ

))
(298)

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

))
(299)

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

))
(300)
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9.7 Four Scalar-Interaction
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hl

hj

hk

− i

4
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1 + g2
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H
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H
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H
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H
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H
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H
k3Z

H
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H
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H
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H
j4Z

H
k2Z

H
l2 − ZHi3ZHj2ZHk3Z

H
l2 + ZHi4Z

H
j2Z

H
k4Z

H
l2

+ ZHi3Z
H
j1Z

H
k1Z

H
l3 − ZHi3ZHj2ZHk2Z

H
l3 + 3ZHi3Z

H
j3Z

H
k3Z

H
l3 − ZHi4ZHj4ZHk3Z

H
l3

− ZHi4ZHj3ZHk4Z
H
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H
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H
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H
j2Z

H
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H
l4

− ZHi4ZHj3ZHk3Z
H
l4 − ZHi3ZHj4ZHk3Z

H
l4 − ZHi3ZHj3ZHk4Z

H
l4 + 3ZHi4Z

H
j4Z

H
k4Z

H
l4

− ZHi2
(
ZHj3Z

H
k3Z

H
l2 − ZHj4ZHk4Z

H
l2 + ZHj1

(
ZHk1Z

H
l2 + ZHk2Z

H
l1

)
+ ZHj3Z

H
k2Z

H
l3

− ZHj4ZHk2Z
H
l4 + ZHj2

(
− 3ZHk2Z

H
l2 + ZHk1Z

H
l1 + ZHk3Z

H
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H
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))
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(
ZHj3Z

H
k3Z

H
l1 − ZHj4ZHk4Z

H
l1 − ZHj2

(
ZHk1Z

H
l2 + ZHk2Z

H
l1

)
+ ZHj3Z

H
k1Z

H
l3

− ZHj4ZHk1Z
H
l4 + ZHj1

(
3ZHk1Z

H
l1 − ZHk2Z

H
l2 + ZHk3Z

H
l3 − ZHk4Z

H
l4

)))
(301)

hi

H+
l

hj

H−k

− i

4

(
Z+,∗
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(
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H
i3Z

H
j3Z

+
l1 + g2

2Z
H
i3Z

H
j3Z

+
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2
1Z

H
i4Z

H
j4Z

+
l1 + g2

2Z
H
i4Z

H
j4Z

+
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− ig2
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H
i4Z

H
j1Z

+
l2 − ig

2
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H
i3Z

H
j2Z

+
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2
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H
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+
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2
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H
i3Z

H
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+
l2
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((
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2

)
ZHj2Z

+
l1 + g2

2

(
− iZHj3 + ZHj1

)
Z+
l2

)
+ ZHi1

((
g2

1 + g2
2

)
ZHj1Z

+
l1 + g2

2

(
− iZHj4 + ZHj2

)
Z+
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+ Z+,∗
k2

(
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H
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H
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+
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H
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H
j2Z

+
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H
i1Z

H
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+
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2
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H
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H
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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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H
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+
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H
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+
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+
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2
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H
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+
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H
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+
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)))
(302)

hi

d̃∗lδ

hj
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i

12
δγδ

((
3g2
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1
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(
ZHi1Z

H
j1 − ZHi2ZHj2 + ZHi3Z

H
j3 − ZHi4ZHj4

)
+ 2
(
− 6
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ZD,∗k3+c
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D
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− 2g2
1

3∑
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E
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(
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H
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ν̃k
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4
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H
j1 − ZHi2ZHj2 + ZHi3Z

H
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)
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3∑
c=1

ZU,∗k3+c

3∑
b=1

3∑
a=1

Y ∗u,caYd,baZ
D
l3+b

(
iZHi3 + ZHi1

)
+ eiη

(
− 2

3∑
c=1

3∑
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3∑
a=1

ZV,∗ka Z
E
la

(
− iZHi2 + ZHi4

))
(308)

hi
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+
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+
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+
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ẽj
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a=1

ZU,∗ja Z
U
la − 4

(
3

3∑
c=1

3∑
b=1

ZU,∗jb

3∑
a=1

Y ∗d,acYd,abZ
U
lc + g2

1

3∑
a=1

ZU,∗j3+aZ
U
l3+a

))
Z+
k1

− Z+,∗
i2

(
12

3∑
c=1

ZU,∗j3+c

3∑
b=1

3∑
a=1

Y ∗u,caYu,baZ
U
l3+b +

(
3g2

2 + g2
1

) 3∑
a=1

ZU,∗ja Z
U
la − 4g2

1

3∑
a=1

ZU,∗j3+aZ
U
l3+a

)
Z+
k2

)
(314)

H−i

ν̃∗l

ν̃j

H+
k

− i

4

(
Z+,∗
i1

(
4

3∑
c=1

3∑
b=1

ZV,∗jb

3∑
a=1

Y ∗e,acYe,abZ
V
lc +

(
− g2

2 + g2
1

)
δjl

)
Z+
k1

+
(
− g2

1 + g2
2

)
Z+,∗
i2 δjlZ

+
k2

)
(315)

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

)

78



− 18g2
3

3∑
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ẽ∗k

− i

4
δαδ

(
g2

2

3∑
a=1

ZD,∗ia ZUla

3∑
b=1

ZV,∗jb Z
E
kb + g2

2

3∑
a=1

ZV,∗ja Z
E
ka

3∑
b=1

ZD,∗ib ZUlb

82



+ 4

3∑
b=1

ZV,∗jb

3∑
a=1

Ye,abZ
E
k3+a

3∑
d=1

3∑
c=1

Y ∗d,cdZ
D,∗
i3+cZ

U
ld

)
(320)

ẽi
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ũ∗lδ
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3∑
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3∑
b=1

ZU,∗j3+bZ
U
l3+b

− 6g2
3

3∑
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U
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3∑
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3∑
d=1

3∑
c=1
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i
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1
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)
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ν̃i
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ν̃j
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4

(
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2

)(
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)
(327)

9.8 Two Scalar-Two Vector Boson-Interaction
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W−ν
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W+
µ

i

2
g2
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H
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H
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H
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H
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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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)
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)
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)
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)
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)2(
Z+,∗
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)
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i

4
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δ
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)
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i

6
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3∑
a=1

ZD,∗i3+aZ
D
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)
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(
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)
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)
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− i

36
δαβ

((
6g1g2 cos 2ΘW +

(
− 9g2
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3∑
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3∑
a=1

ZE,∗i3+aZ
E
j3+a +

(
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3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(360)
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9.9 Four Vector Boson-Interaction
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9.10 Two Ghosts-One Vector Boson-Interaction
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9.11 Two Ghosts-One Scalar-Interaction
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10 Clebsch-Gordan Coefficients
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