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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 ν̃∗R ν∗R 3 (0,1,1)

ŝ S S̃ 1 (0,1,1)

X̂ x̃ x 3 (0,1,1)

2 Superpotential and Lagrangian

2.1 Superpotential

W =
1

2
µX X̂ X̂ − Yd d̂ q̂ Ĥd − Ye ê l̂ Ĥd + λ ŝ Ĥu Ĥd +

1

3
κ ŝ ŝ ŝ + λN ŝ ν̂ X̂ + Yu û q̂ Ĥu

+ Yν ν̂ l̂ Ĥu (1)

2.2 Softbreaking terms

−LSB,W = +
1

3
S3Tκ −H0

dH
0
uSTλ +H−d H

+
u STλ +

1

2
x̃ix̃jBµX ,ij +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 ν̃
∗
R,iẽL,jTYν ,ij +H0

uν̃
∗
R,iν̃L,jTYν ,ij + Sν̃∗R,j x̃kTλN ,jk + 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 +m2

S |S|2 + d̃∗L,iαδαβm
2
q,ij d̃L,jβ
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+ 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 + x̃∗im

2
x,ij x̃j (3)

−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
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 − |λ|2Y †uYu

− 2Y †d YdY
†
d Yd − 2Y †uYuY

†
uYu + Y †d Yd

(
− 3Tr

(
YdY

†
d

)
+

2

5
g2

1 − |λ|2 − 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− |λ|2Y †ν Yν − 2Y †e YeY

†
e Ye − 2Y †ν YνY

†
ν Yν

− Y †ν λNλ
†
NYν + Y †e Ye

(
− 3Tr

(
YdY

†
d

)
+

6

5
g2

1 − |λ|2 − Tr
(
YeY

†
e

))
− 3Y †ν YνTr

(
YuY

†
u

)
− Y †ν YνTr

(
YνY

†
ν

)
(10)

γ
(1)

Ĥd
= 3Tr

(
YdY

†
d

)
− 3

10
g2

1 −
3

2
g2

2 + |λ|2 + Tr
(
YeY

†
e

)
(11)
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γ
(2)

Ĥd
= +

207

100
g4

1 +
9

10
g2

1g
2
2 +

15

4
g4

2 − 2λ|κ|2λ∗ − 3λ2λ∗,2 − 2

5
g2

1Tr
(
YdY

†
d

)
+ 16g2

3Tr
(
YdY

†
d

)
+

6

5
g2

1Tr
(
YeY

†
e

)
− |λ|2

(
3Tr
(
YuY

†
u

)
+ Tr

(
YνY

†
ν

)
+ Tr

(
λNλ

†
N

))
− 9Tr

(
YdY

†
d YdY

†
d

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 3Tr

(
YeY

†
e YeY

†
e

)
− Tr

(
YeY

†
ν YνY

†
e

)
(12)

γ
(1)

Ĥu
= 3Tr

(
YuY

†
u

)
− 3

10
g2

1 −
3

2
g2

2 + |λ|2 + Tr
(
YνY

†
ν

)
(13)

γ
(2)

Ĥu
= +

207

100
g4

1 +
9

10
g2

1g
2
2 +

15

4
g4

2 − 2λ|κ|2λ∗ − 3λ2λ∗,2 +
4

5
g2

1Tr
(
YuY

†
u

)
+ 16g2

3Tr
(
YuY

†
u

)
− |λ|2

(
3Tr
(
YdY

†
d

)
+ Tr

(
YeY

†
e

)
+ Tr

(
λNλ

†
N

))
− 3Tr

(
YdY

†
uYuY

†
d

)
− Tr

(
YeY

†
ν YνY

†
e

)
− 9Tr

(
YuY

†
uYuY

†
u

)
− 3Tr

(
YνY

†
ν YνY

†
ν

)
− Tr

(
YνY

†
ν λNλ

†
N

)
(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

(
− 2|λ|2 − 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

)
+ 5|λ|2 + 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

5

(
5
(
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

(
− 15g2

2 + 15Tr
(
YdY

†
d

)
+ 3g2

1 + 5|λ|2 + 5Tr
(
YeY

†
e

)))
(20)

γ
(1)
ν̂ = 2Y ∗ν Y

T
ν + λ∗Nλ

T
N (21)

γ
(2)
ν̂ = −2|κ|2λ∗NλTN − 2|λ|2λ∗NλTN − 2Y ∗ν Y

T
e Y

∗
e Y

T
ν − 2Y ∗ν Y

T
ν Y

∗
ν Y

T
ν − λ∗NλTNλ∗NλTN

+ Y ∗ν Y
T
ν

(
− 2|λ|2 − 2Tr

(
YνY

†
ν

)
+ 6g2

2 − 6Tr
(
YuY

†
u

)
+

6

5
g2

1

)
− λ∗NλTNTr

(
λNλ

†
N

)
(22)

γ
(1)
ŝ = 2|κ|2 + 2|λ|2 + Tr

(
λNλ

†
N

)
(23)

γ
(2)
ŝ = −8κ2κ∗,2 − 4λ2λ∗,2

+
2

5
|λ|2

(
15g2

2 − 15Tr
(
YdY

†
d

)
− 15Tr

(
YuY

†
u

)
+ 3g2

1 − 5Tr
(
YeY

†
e

)
− 5Tr

(
YνY

†
ν

))

6



− 4|κ|2
(

2λλ∗ + Tr
(
λNλ

†
N

))
− 2
(
Tr
(
YνY

†
ν λNλ

†
N

)
+ Tr

(
λNλ

†
NλNλ

†
N

))
(24)

γ
(1)

X̂
= λ†NλN (25)

γ
(2)

X̂
= −2|κ|2λ†NλN − 2|λ|2λ†NλN − 2λ†NYνY

†
ν λN − λ

†
NλNλ

†
NλN

− λ†NλNTr
(
λNλ

†
N

)
(26)

3.2 Gauge Couplings

β(1)
g1 =

33

5
g3

1 (27)

β(2)
g1 =

1

25
g3

1

(
− 130Tr

(
YuY

†
u

)
+ 135g2

2 + 199g2
1 − 30|λ|2 − 30Tr

(
YνY

†
ν

)
+ 440g2

3 − 70Tr
(
YdY

†
d

)
− 90Tr

(
YeY

†
e

))
(28)

β(1)
g2 = g3

2 (29)

β(2)
g2 =

1

5
g3

2

(
− 10|λ|2 − 10Tr

(
YeY

†
e

)
− 10Tr

(
YνY

†
ν

)
+ 120g2

3 + 125g2
2 − 30Tr

(
YdY

†
d

)
− 30Tr

(
YuY

†
u

)
+ 9g2

1

)
(30)

β(1)
g3 = −3g3

3 (31)

β(2)
g3 =

1

5
g3

3

(
11g2

1 − 20Tr
(
YdY

†
d

)
− 20Tr

(
YuY

†
u

)
+ 45g2

2 + 70g2
3

)
(32)

3.3 Gaugino Mass Parameters

β
(1)
M1

=
66

5
g2

1M1 (33)

β
(2)
M1

=
2

25
g2

1

(
398g2

1M1 + 135g2
2M1 + 440g2

3M1 + 440g2
3M3 + 135g2

2M2 − 30λ∗
(
M1λ− Tλ

)
− 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 TYν

))
(34)

β
(1)
M2

= 2g2
2M2 (35)

β
(2)
M2

=
2

5
g2

2

(
9g2

1M1 + 120g2
3M3 + 9g2

1M2 + 250g2
2M2 + 120g2

3M2 − 10λ∗
(
M2λ− Tλ

)
− 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 TYν

))
(36)

β
(1)
M3

= −6g2
3M3 (37)

β
(2)
M3

=
2

5
g2

3

(
11g2

1M1 + 11g2
1M3 + 45g2

2M3 + 140g2
3M3 + 45g2

2M2 − 20M3Tr
(
YdY

†
d

)
− 20M3Tr

(
YuY

†
u

)
7



+ 20Tr
(
Y †d Td

)
+ 20Tr

(
Y †uTu

))
(38)

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 + |λ|2 + Tr
(
YeY

†
e

))
+ YdY

†
uYu (39)

β
(2)
Yd

= +
4

5
g2

1YdY
†
uYu − |λ|2YdY †uYu − 4YdY

†
d YdY

†
d Yd − 2YdY

†
uYuY

†
d Yd

− 2YdY
†
uYuY

†
uYu + YdY

†
d Yd

(
− 3|λ|2 − 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 − 2λ|κ|2λ∗ − 3λ2λ∗,2

− 2

5
g2

1Tr
(
YdY

†
d

)
+ 16g2

3Tr
(
YdY

†
d

)
+

6

5
g2

1Tr
(
YeY

†
e

)
− |λ|2

(
3Tr
(
YuY

†
u

)
+ Tr

(
YνY

†
ν

)
+ Tr

(
λNλ

†
N

))
− 9Tr

(
YdY

†
d YdY

†
d

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 3Tr

(
YeY

†
e YeY

†
e

)
− Tr

(
YeY

†
ν YνY

†
e

))
(40)

β
(1)
Ye

= 3YeY
†
e Ye + Ye

(
− 3g2

2 + 3Tr
(
YdY

†
d

)
− 9

5
g2

1 + |λ|2 + Tr
(
YeY

†
e

))
+ YeY

†
ν Yν (41)

β
(2)
Ye

= −|λ|2YeY †ν Yν − 4YeY
†
e YeY

†
e Ye − 2YeY

†
ν YνY

†
e Ye − 2YeY

†
ν YνY

†
ν Yν

− YeY †ν λNλ
†
NYν + YeY

†
e Ye

(
− 3|λ|2 − 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 − 20λ|κ|2λ∗ − 30λ2λ∗,2 − 4g2
1Tr
(
YdY

†
d

)
+ 160g2

3Tr
(
YdY

†
d

)
+ 12g2

1Tr
(
YeY

†
e

)
− 10|λ|2

(
3Tr
(
YuY

†
u

)
+ Tr

(
YνY

†
ν

)
+ Tr

(
λNλ

†
N

))
− 90Tr

(
YdY

†
d YdY

†
d

)
− 30Tr

(
YdY

†
uYuY

†
d

)
− 30Tr

(
YeY

†
e YeY

†
e

)
− 10Tr

(
YeY

†
ν YνY

†
e

))
(42)

β
(1)
λ = −3

5
g2

1λ− 3g2
2λ+ 2λ|κ|2 + 4λ2λ∗ + 3λTr

(
YdY

†
d

)
+ λTr

(
YeY

†
e

)
+ 3λTr

(
YuY

†
u

)
+ λTr

(
YνY

†
ν

)
+ λTr

(
λNλ

†
N

)
(43)

β
(2)
λ = − 1

50
λ
(
− 207g4

1 − 90g2
1g

2
2 − 375g4

2 + 400κ2κ∗,2 + 500λ2λ∗,2 + 20g2
1Tr
(
YdY

†
d

)
− 800g2

3Tr
(
YdY

†
d

)
− 60g2

1Tr
(
YeY

†
e

)
− 40g2

1Tr
(
YuY

†
u

)
− 800g2

3Tr
(
YuY

†
u

)
− 10|λ|2

(
− 10Tr

(
λNλ

†
N

)
− 15Tr

(
YeY

†
e

)
− 15Tr

(
YνY

†
ν

)
+ 30g2

2 − 45Tr
(
YdY

†
d

)
− 45Tr

(
YuY

†
u

)
+ 6g2

1

)
+ 200|κ|2

(
3λλ∗ + Tr

(
λNλ

†
N

))
+ 450Tr

(
YdY

†
d YdY

†
d

)
+ 300Tr

(
YdY

†
uYuY

†
d

)
+ 150Tr

(
YeY

†
e YeY

†
e

)
8



+ 100Tr
(
YeY

†
ν YνY

†
e

)
+ 450Tr

(
YuY

†
uYuY

†
u

)
+ 150Tr

(
YνY

†
ν YνY

†
ν

)
+ 150Tr

(
YνY

†
ν λNλ

†
N

)
+ 100Tr

(
λNλ

†
NλNλ

†
N

))
(44)

β(1)
κ = 3κ

(
2|κ|2 + 2|λ|2 + Tr

(
λNλ

†
N

))
(45)

β(2)
κ = −6

5
κ
(

20κ2κ∗,2 + 10λ2λ∗,2

+ |λ|2
(
− 15g2

2 + 15Tr
(
YdY

†
d

)
+ 15Tr

(
YuY

†
u

)
− 3g2

1 + 5Tr
(
YeY

†
e

)
+ 5Tr

(
YνY

†
ν

))
+ 10|κ|2

(
2λλ∗ + Tr

(
λNλ

†
N

))
+ 5
(
Tr
(
YνY

†
ν λNλ

†
N

)
+ Tr

(
λNλ

†
NλNλ

†
N

)))
(46)

β
(1)
λN

= 2λN |κ|2 + 2λN |λ|2 + 2λNλ
†
NλN + 2YνY

†
ν λN + λNTr

(
λNλ

†
N

)
(47)

β
(2)
λN

= −2

5

(
20κ2λNκ

∗,2 + 10λ2λNλ
∗,2 − 3g2

1YνY
†
ν λN − 15g2

2YνY
†
ν λN

+ 5YνY
†
e YeY

†
ν λN + 5YνY

†
ν YνY

†
ν λN + 5λNλ

†
NYνY

†
ν λN + 5λNλ

†
NλNλ

†
NλN

+ 15YνY
†
ν λNTr

(
YuY

†
u

)
+ 5YνY

†
ν λNTr

(
YνY

†
ν

)
+ |λ|2

(
5
(

2λNλ
†
NλN + YνY

†
ν λN

)
+ λN

(
− 15g2

2 + 15Tr
(
YdY

†
d

)
+ 15Tr

(
YuY

†
u

)
− 3g2

1 + 5Tr
(
YeY

†
e

)
+ 5Tr

(
YνY

†
ν

)))
+ 5λNλ

†
NλNTr

(
λNλ

†
N

)
+ 10|κ|2

(
2λλNλ

∗ + λNTr
(
λNλ

†
N

)
+ λNλ

†
NλN

)
+ 5λNTr

(
YνY

†
ν λNλ

†
N

)
+ 5λNTr

(
λNλ

†
NλNλ

†
N

))
(48)

β
(1)
Yu

= 3YuY
†
uYu + Yu

(
− 3g2

2 + 3Tr
(
YuY

†
u

)
− 13

15
g2

1 −
16

3
g2

3 + |λ|2 + Tr
(
YνY

†
ν

))
+ YuY

†
d Yd (49)

β
(2)
Yu

= +
2

5
g2

1YuY
†
uYu + 6g2

2YuY
†
uYu − 3|λ|2YuY †uYu − 2YuY

†
d YdY

†
d Yd

− 2YuY
†
d YdY

†
uYu − 4YuY

†
uYuY

†
uYu

+ YuY
†
d Yd

(
− 3Tr

(
YdY

†
d

)
+

2

5
g2

1 − |λ|2 − 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 − 2λ|κ|2λ∗ − 3λ2λ∗,2

+
4

5
g2

1Tr
(
YuY

†
u

)
+ 16g2

3Tr
(
YuY

†
u

)
− |λ|2

(
3Tr
(
YdY

†
d

)
+ Tr

(
YeY

†
e

)
+ Tr

(
λNλ

†
N

))
− 3Tr

(
YdY

†
uYuY

†
d

)
− Tr

(
YeY

†
ν YνY

†
e

)
− 9Tr

(
YuY

†
uYuY

†
u

)
− 3Tr

(
YνY

†
ν YνY

†
ν

)
− Tr

(
YνY

†
ν λNλ

†
N

))
(50)

β
(1)
Yν

= 3YνY
†
ν Yν + Yν

(
− 3g2

2 + 3Tr
(
YuY

†
u

)
− 3

5
g2

1 + |λ|2 + Tr
(
YνY

†
ν

))
+ YνY

†
e Ye + λNλ

†
NYν (51)
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β
(2)
Yν

= +
6

5
g2

1YνY
†
ν Yν + 6g2

2YνY
†
ν Yν − 3|λ|2YνY †ν Yν − 2|κ|2λNλ†NYν

− 2|λ|2λNλ†NYν − 2YνY
†
e YeY

†
e Ye − 2YνY

†
e YeY

†
ν Yν − 4YνY

†
ν YνY

†
ν Yν

− YνY †ν λNλ
†
NYν − λNλ

†
NλNλ

†
NYν

+ YνY
†
e Ye

(
− 3Tr

(
YdY

†
d

)
+

6

5
g2

1 − |λ|2 − Tr
(
YeY

†
e

))
− 9YνY

†
ν YνTr

(
YuY

†
u

)
− 3YνY

†
ν YνTr

(
YνY

†
ν

)
− λNλ†NYνTr

(
λNλ

†
N

)
+ Yν

(207

50
g4

1 +
9

5
g2

1g
2
2 +

15

2
g4

2 − 2λ|κ|2λ∗ − 3λ2λ∗,2 +
4

5
g2

1Tr
(
YuY

†
u

)
+ 16g2

3Tr
(
YuY

†
u

)
− |λ|2

(
3Tr
(
YdY

†
d

)
+ Tr

(
YeY

†
e

)
+ Tr

(
λNλ

†
N

))
− 3Tr

(
YdY

†
uYuY

†
d

)
− Tr

(
YeY

†
ν YνY

†
e

)
− 9Tr

(
YuY

†
uYuY

†
u

)
− 3Tr

(
YνY

†
ν YνY

†
ν

)
− Tr

(
YνY

†
ν λNλ

†
N

))
(52)

3.5 Bilinear Superpotential Parameters

β(1)
µX = µXλ

†
NλN + λTNλ

∗
NµX (53)

β(2)
µX = −2|κ|2

(
µXλ

†
NλN + λTNλ

∗
NµX

)
− 2|λ|2

(
µXλ

†
NλN + λTNλ

∗
NµX

)
− 2µXλ

†
NYνY

†
ν λN − µXλ

†
NλNλ

†
NλN − 2λTNY

∗
ν Y

T
ν λ
∗
NµX − λTNλ∗NλTNλ∗NµX

− µXλ†NλNTr
(
λNλ

†
N

)
− λTNλ∗NµXTr

(
λNλ

†
N

)
(54)

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

+ |λ|2Td + 3TdTr
(
YdY

†
d

)
+ TdTr

(
YeY

†
e

)
+ Yd

(
2λ∗Tλ + 2Tr

(
Y †e Te

)
+ 6g2

2M2 + 6Tr
(
Y †d Td

)
+

14

15
g2

1M1 +
32

3
g2

3M3

)
(55)

β
(2)
Td

= +
6

5
g2

1YdY
†
d Td + 6g2

2YdY
†
d Td − 4|λ|2YdY †d Td −

8

5
g2

1M1YdY
†
uYu

+
8

5
g2

1YdY
†
uTu − 2|λ|2YdY †uTu +

6

5
g2

1TdY
†
d Yd + 12g2

2TdY
†
d Yd

− 5|λ|2TdY †d Yd +
4

5
g2

1TdY
†
uYu − |λ|2TdY †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 − 2λ|κ|2λ∗Td
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− 3λ2λ∗,2Td − 2λ∗YdY
†
uYuTλ − 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

)
− 3|λ|2TdTr

(
YuY

†
u

)
− 2YdY

†
uTuTr

(
YνY

†
ν

)
− TdY †uYuTr

(
YνY

†
ν

)
− |λ|2TdTr

(
YνY

†
ν

)
− |λ|2TdTr

(
λNλ

†
N

)
− 2

5
YdY

†
d Yd

(
15λ∗Tλ + 15Tr

(
Y †e Te

)
+ 30g2

2M2 + 45Tr
(
Y †d Td

)
+ 4g2

1M1

)
− 6YdY

†
uYuTr

(
Y †uTu

)
− 2YdY

†
uYuTr

(
Y †ν TYν

)
− 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 + 270λλ∗,2Tλ + 90κ∗λ∗

(
κTλ + λTκ

)
− 18g2

1M1Tr
(
YdY

†
d

)
+ 720g2

3M3Tr
(
YdY

†
d

)
+ 54g2

1M1Tr
(
YeY

†
e

)
+ 18g2

1Tr
(
Y †d Td

)
− 720g2

3Tr
(
Y †d Td

)
− 54g2

1Tr
(
Y †e Te

)
+ 45λ∗

(
λ
(

3Tr
(
Y †uTu

)
+ Tr

(
Y †ν TYν

)
+ Tr

(
λ†NTλN

))
+ Tλ

(
3Tr
(
YuY

†
u

)
+ Tr

(
YνY

†
ν

)
+ Tr

(
λNλ

†
N

)))
+ 810Tr

(
YdY

†
d TdY

†
d

)
+ 135Tr

(
YdY

†
uTuY

†
d

)
+ 270Tr

(
YeY

†
e TeY

†
e

)
+ 45Tr

(
YeY

†
ν TYνY

†
e

)
+ 135Tr

(
YuY

†
d TdY

†
u

)
+ 45Tr

(
YνY

†
e TeY

†
ν

))
(56)

β
(1)
Te

= +4YeY
†
e Te + 2YeY

†
ν TYν + 5TeY

†
e Ye + TeY

†
ν Yν −

9

5
g2

1Te − 3g2
2Te + |λ|2Te

+ 3TeTr
(
YdY

†
d

)
+ TeTr

(
YeY

†
e

)
+ Ye

(
2λ∗Tλ + 2Tr

(
Y †e Te

)
+ 6g2

2M2 + 6Tr
(
Y †d Td

)
+

18

5
g2

1M1

)
(57)

β
(2)
Te

= +
6

5
g2

1YeY
†
e Te + 6g2

2YeY
†
e Te − 4|λ|2YeY †e Te − 2|λ|2YeY †ν TYν

− 6

5
g2

1TeY
†
e Ye + 12g2

2TeY
†
e Ye − 5|λ|2TeY †e Ye − |λ|2TeY †ν Yν

− 6YeY
†
e YeY

†
e Te − 8YeY

†
e TeY

†
e Ye − 2YeY

†
ν YνY

†
e Te − 4YeY

†
ν YνY

†
ν TYν

− 2YeY
†
ν λNλ

†
NTYν − 4YeY

†
ν TYνY

†
e Ye − 4YeY

†
ν TYνY

†
ν Yν

− 2YeY
†
ν TλNλ

†
NYν − 6TeY

†
e YeY

†
e Ye − 4TeY

†
ν YνY

†
e Ye − 2TeY

†
ν YνY

†
ν Yν

− TeY †ν λNλ
†
NYν +

27

2
g4

1Te +
9

5
g2

1g
2
2Te +

15

2
g4

2Te − 2λ|κ|2λ∗Te − 3λ2λ∗,2Te

− 2λ∗YeY
†
ν YνTλ − 12YeY

†
e TeTr

(
YdY

†
d

)
− 15TeY

†
e YeTr

(
YdY

†
d

)

11



− 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 TYνTr

(
YuY

†
u

)
− 3TeY

†
ν YνTr

(
YuY

†
u

)
− 3|λ|2TeTr

(
YuY

†
u

)
− 2YeY

†
ν TYνTr

(
YνY

†
ν

)
− TeY †ν YνTr

(
YνY

†
ν

)
− |λ|2TeTr

(
YνY

†
ν

)
− |λ|2TeTr

(
λNλ

†
N

)
− 6YeY

†
e Ye

(
2g2

2M2 + 3Tr
(
Y †d Td

)
+ λ∗Tλ + Tr

(
Y †e Te

))
− 6YeY

†
ν YνTr

(
Y †uTu

)
− 2YeY

†
ν YνTr

(
Y †ν TYν

)
− 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 + 30λλ∗,2Tλ + 10κ∗λ∗
(
κTλ + λTκ

)
− 2g2

1M1Tr
(
YdY

†
d

)
+ 80g2

3M3Tr
(
YdY

†
d

)
+ 6g2

1M1Tr
(
YeY

†
e

)
+ 2g2

1Tr
(
Y †d Td

)
− 80g2

3Tr
(
Y †d Td

)
− 6g2

1Tr
(
Y †e Te

)
+ 5λ∗

(
λ
(

3Tr
(
Y †uTu

)
+ Tr

(
Y †ν TYν

)
+ Tr

(
λ†NTλN

))
+ Tλ

(
3Tr
(
YuY

†
u

)
+ Tr

(
YνY

†
ν

)
+ Tr

(
λNλ

†
N

)))
+ 90Tr

(
YdY

†
d TdY

†
d

)
+ 15Tr

(
YdY

†
uTuY

†
d

)
+ 30Tr

(
YeY

†
e TeY

†
e

)
+ 5Tr

(
YeY

†
ν TYνY

†
e

)
+ 15Tr

(
YuY

†
d TdY

†
u

)
+ 5Tr

(
YνY

†
e TeY

†
ν

))
(58)

β
(1)
Tλ

= +2κ∗
(

2λTκ + κTλ

)
+ Tλ

(
12|λ|2 − 3g2

2 + 3Tr
(
YdY

†
d

)
+ 3Tr

(
YuY

†
u

)
− 3

5
g2

1 + Tr
(
YeY

†
e

)
+ Tr

(
YνY

†
ν

)
+ Tr

(
λNλ

†
N

))
+

2

5
λ
(

15g2
2M2 + 15Tr

(
Y †d Td

)
+ 15Tr

(
Y †uTu

)
+ 3g2

1M1 + 5Tr
(
λ†NTλN

)
+ 5Tr

(
Y †e Te

)
+ 5Tr

(
Y †ν TYν

))
(59)

β
(2)
Tλ

= −414

25
g4

1M1λ−
18

5
g2

1g
2
2M1λ−

18

5
g2

1g
2
2M2λ− 30g4

2M2λ+
207

50
g4

1Tλ +
9

5
g2

1g
2
2Tλ

+
15

2
g4

2Tλ − 50λ2λ∗,2Tλ − 8κκ∗,2
(

4λTκ + κTλ

)
+

4

5
g2

1M1λTr
(
YdY

†
d

)
− 32g2

3M3λTr
(
YdY

†
d

)
− 2

5
g2

1TλTr
(
YdY

†
d

)
+ 16g2

3TλTr
(
YdY

†
d

)
− 12

5
g2

1M1λTr
(
YeY

†
e

)
+

6

5
g2

1TλTr
(
YeY

†
e

)
− 8

5
g2

1M1λTr
(
YuY

†
u

)
− 32g2

3M3λTr
(
YuY

†
u

)
+

4

5
g2

1TλTr
(
YuY

†
u

)
+ 16g2

3TλTr
(
YuY

†
u

)
− 4

5
g2

1λTr
(
Y †d Td

)
+ 32g2

3λTr
(
Y †d Td

)
+

12

5
g2

1λTr
(
Y †e Te

)
+

8

5
g2

1λTr
(
Y †uTu

)
+ 32g2

3λTr
(
Y †uTu

)
− 4κ∗

(
2κλTr

(
λ†NTλN

)
+ 2λTκTr

(
λNλ

†
N

)
+ κTλTr

(
λNλ

†
N

))
− 1

5
|λ|2

(
60κ∗

(
2λTκ + 3κTλ

)
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+ 3Tλ

(
10Tr

(
λNλ

†
N

)
+ 15Tr

(
YeY

†
e

)
+ 15Tr

(
YνY

†
ν

)
− 30g2

2 + 45Tr
(
YdY

†
d

)
+ 45Tr

(
YuY

†
u

)
− 6g2

1

)
+ 2λ

(
10Tr

(
λ†NTλN

)
+ 15Tr

(
Y †e Te

)
+ 15Tr

(
Y †ν TYν

)
+ 30g2

2M2 + 45Tr
(
Y †d Td

)
+ 45Tr

(
Y †uTu

)
+ 6g2

1M1

))
− 9TλTr

(
YdY

†
d YdY

†
d

)
− 36λTr

(
YdY

†
d TdY

†
d

)
− 6TλTr

(
YdY

†
uYuY

†
d

)
− 12λTr

(
YdY

†
uTuY

†
d

)
− 3TλTr

(
YeY

†
e YeY

†
e

)
− 12λTr

(
YeY

†
e TeY

†
e

)
− 2TλTr

(
YeY

†
ν YνY

†
e

)
− 4λTr

(
YeY

†
ν TYνY

†
e

)
− 12λTr

(
YuY

†
d TdY

†
u

)
− 9TλTr

(
YuY

†
uYuY

†
u

)
− 36λTr

(
YuY

†
uTuY

†
u

)
− 4λTr

(
YνY

†
e TeY

†
ν

)
− 3TλTr

(
YνY

†
ν YνY

†
ν

)
− 3TλTr

(
YνY

†
ν λNλ

†
N

)
− 12λTr

(
YνY

†
ν TYνY

†
ν

)
− 6λTr

(
YνY

†
ν TλNλ

†
N

)
− 2TλTr

(
λNλ

†
NλNλ

†
N

)
− 6λTr

(
λNλ

†
NTYνY

†
ν

)
− 8λTr

(
λNλ

†
NTλNλ

†
N

)
(60)

β
(1)
Tκ

= 3
(

2κTr
(
λ†NTλN

)
+ 2λ∗

(
2κTλ + λTκ

)
+ 6|κ|2Tκ + TκTr

(
λNλ

†
N

))
(61)

β
(2)
Tκ

= −6

5

(
10λλ∗,2

(
4κTλ + λTκ

)
+ λ∗

(
λTκ

(
− 15g2

2 + 15Tr
(
YdY

†
d

)
+ 15Tr

(
YuY

†
u

)
− 3g2

1 + 5Tr
(
YeY

†
e

)
+ 5Tr

(
YνY

†
ν

)
+ 60|κ|2

)
+ 2κ

(
Tλ

(
− 15g2

2 + 15Tr
(
YdY

†
d

)
+ 15Tr

(
YuY

†
u

)
+ 20|κ|2 − 3g2

1 + 5Tr
(
YeY

†
e

)
+ 5Tr

(
YνY

†
ν

))
+ λ
(

15g2
2M2 + 15Tr

(
Y †d Td

)
+ 15Tr

(
Y †uTu

)
+ 3g2

1M1 + 5Tr
(
Y †e Te

)
+ 5Tr

(
Y †ν TYν

))))
+ 5
(

20κ2κ∗,2Tκ + 2|κ|2
(

2κTr
(
λ†NTλN

)
+ 3TκTr

(
λNλ

†
N

))
+ Tκ

(
Tr
(
YνY

†
ν λNλ

†
N

)
+ Tr

(
λNλ

†
NλNλ

†
N

))
+ 2κ

(
2Tr
(
λNλ

†
NTλNλ

†
N

)
+ Tr

(
YνY

†
ν TλNλ

†
N

)
+ Tr

(
λNλ

†
NTYνY

†
ν

))))
(62)

β
(1)
TλN

= +2YνY
†
ν TλN + 3λNλ

†
NTλN + 4TYνY

†
ν λN + 3TλNλ

†
NλN + 2κ∗

(
2λNTκ + κTλN

)
+ 2λ∗

(
2λNTλ + λTλN

)
+ TλNTr

(
λNλ

†
N

)
+ 2λNTr

(
λ†NTλN

)
(63)

β
(2)
TλN

= −12

5
g2

1M1YνY
†
ν λN − 12g2

2M2YνY
†
ν λN +

6

5
g2

1YνY
†
ν TλN + 6g2

2YνY
†
ν TλN

+
12

5
g2

1TYνY
†
ν λN + 12g2

2TYνY
†
ν λN − 2YνY

†
e YeY

†
ν TλN

− 4YνY
†
e TeY

†
ν λN − 2YνY

†
ν YνY

†
ν TλN − 4YνY

†
ν TYνY

†
ν λN − 4λNλ

†
NYνY

†
ν TλN

− 3λNλ
†
NλNλ

†
NTλN − 4λNλ

†
NTYνY

†
ν λN − 4λNλ

†
NTλNλ

†
NλN − 4TYνY

†
e YeY

†
ν λN

− 4TYνY
†
ν YνY

†
ν λN − 2TλNλ

†
NYνY

†
ν λN − 3TλNλ

†
NλNλ

†
NλN − 8κκ∗,2

(
4λNTκ + κTλN

)
− 4λλ∗,2

(
4λNTλ + λTλN

)
− 6YνY

†
ν TλNTr

(
YuY

†
u

)
− 12TYνY

†
ν λNTr

(
YuY

†
u

)
− 2YνY

†
ν TλNTr

(
YνY

†
ν

)
− 4TYνY

†
ν λNTr

(
YνY

†
ν

)
− 3λNλ

†
NTλNTr

(
λNλ

†
N

)
− 3TλNλ

†
NλNTr

(
λNλ

†
N

)
− 12YνY

†
ν λNTr

(
Y †uTu

)
− 4YνY

†
ν λNTr

(
Y †ν TYν

)
− 2

5
λ∗
(

10
(

2λNλ
†
NλN + YνY

†
ν λN

)
Tλ
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+ λ
(

5YνY
†
ν TλN + 15λNλ

†
NTλN + 10TYνY

†
ν λN + 15TλNλ

†
NλN − 3g2

1TλN − 15g2
2TλN

+ 20|κ|2TλN + 15TλNTr
(
YdY

†
d

)
+ 5TλNTr

(
YeY

†
e

)
+ 15TλNTr

(
YuY

†
u

)
+ 5TλNTr

(
YνY

†
ν

))
+ 2λN

(
20κ∗

(
κTλ + λTκ

)
+ Tλ

(
− 15g2

2 + 15Tr
(
YdY

†
d

)
+ 15Tr

(
YuY

†
u

)
− 3g2

1 + 5Tr
(
YeY

†
e

)
+ 5Tr

(
YνY

†
ν

))
+ λ
(

15g2
2M2 + 15Tr

(
Y †d Td

)
+ 15Tr

(
Y †uTu

)
+ 3g2

1M1 + 5Tr
(
Y †e Te

)
+ 5Tr

(
Y †ν TYν

))))
− 4λNλ

†
NλNTr

(
λ†NTλN

)
− 2κ∗

(
4Tκ

(
λNTr

(
λNλ

†
N

)
+ λNλ

†
NλN

)
+ κ
(

2TλNTr
(
λNλ

†
N

)
+ 3λNλ

†
NTλN + 3TλNλ

†
NλN + 4λNTr

(
λ†NTλN

)))
− 2TλNTr

(
YνY

†
ν λNλ

†
N

)
− 4λNTr

(
YνY

†
ν TλNλ

†
N

)
− 2TλNTr

(
λNλ

†
NλNλ

†
N

)
− 4λNTr

(
λNλ

†
NTYνY

†
ν

)
− 8λNTr

(
λNλ

†
NTλNλ

†
N

)
(64)

β
(1)
Tu

= +2YuY
†
d Td + 4YuY

†
uTu + TuY

†
d Yd + 5TuY

†
uYu −

13

15
g2

1Tu − 3g2
2Tu −

16

3
g2

3Tu

+ |λ|2Tu + 3TuTr
(
YuY

†
u

)
+ TuTr

(
YνY

†
ν

)
+ Yu

(
2λ∗Tλ + 2Tr

(
Y †ν TYν

)
+ 6g2

2M2 + 6Tr
(
Y †uTu

)
+

26

15
g2

1M1 +
32

3
g2

3M3

)
(65)

β
(2)
Tu

= +
4

5
g2

1YuY
†
d Td − 2|λ|2YuY †d Td −

4

5
g2

1M1YuY
†
uYu − 12g2

2M2YuY
†
uYu

+
6

5
g2

1YuY
†
uTu + 6g2

2YuY
†
uTu − 4|λ|2YuY †uTu +

2

5
g2

1TuY
†
d Yd

− |λ|2TuY †d Yd + 12g2
2TuY

†
uYu − 5|λ|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 − 2λ|κ|2λ∗Tu − 3λ2λ∗,2Tu

− 6λ∗YuY
†
uYuTλ − 6YuY

†
d TdTr

(
YdY

†
d

)
− 3TuY

†
d YdTr

(
YdY

†
d

)
− 3|λ|2TuTr

(
YdY

†
d

)
− 2YuY

†
d TdTr

(
YeY

†
e

)
− TuY †d YdTr

(
YeY

†
e

)
− |λ|2TuTr

(
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

)
− |λ|2TuTr

(
λNλ

†
N

)
− 2

5
YuY

†
d Yd

(
15Tr

(
Y †d Td

)
+ 2g2

1M1 + 5λ∗Tλ + 5Tr
(
Y †e Te

))
− 18YuY

†
uYuTr

(
Y †uTu

)
− 6YuY

†
uYuTr

(
Y †ν TYν

)
− 3TuTr

(
YdY

†
uYuY

†
d

)
− TuTr

(
YeY

†
ν YνY

†
e

)
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− 9TuTr
(
YuY

†
uYuY

†
u

)
− 3TuTr

(
YνY

†
ν YνY

†
ν

)
− TuTr

(
YνY

†
ν λNλ

†
N

)
− 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 + 1350λλ∗,2Tλ + 450κ∗λ∗

(
κTλ + λTκ

)
+ 180g2

1M1Tr
(
YuY

†
u

)
+ 3600g2

3M3Tr
(
YuY

†
u

)
− 180g2

1Tr
(
Y †uTu

)
− 3600g2

3Tr
(
Y †uTu

)
+ 225λ∗

(
λ
(

3Tr
(
Y †d Td

)
+ Tr

(
Y †e Te

)
+ Tr

(
λ†NTλN

))
+ Tλ

(
3Tr
(
YdY

†
d

)
+ Tr

(
YeY

†
e

)
+ Tr

(
λNλ

†
N

)))
+ 675Tr

(
YdY

†
uTuY

†
d

)
+ 225Tr

(
YeY

†
ν TYνY

†
e

)
+ 675Tr

(
YuY

†
d TdY

†
u

)
+ 4050Tr

(
YuY

†
uTuY

†
u

)
+ 225Tr

(
YνY

†
e TeY

†
ν

)
+ 1350Tr

(
YνY

†
ν TYνY

†
ν

)
+ 225Tr

(
YνY

†
ν TλNλ

†
N

)
+ 225Tr

(
λNλ

†
NTYνY

†
ν

))
(66)

β
(1)
TYν

= +2YνY
†
e Te + 4YνY

†
ν TYν + λNλ

†
NTYν + TYνY

†
e Ye + 5TYνY

†
ν Yν

+ 2TλNλ
†
NYν −

3

5
g2

1TYν − 3g2
2TYν + |λ|2TYν + 3TYνTr

(
YuY

†
u

)
+ TYνTr

(
YνY

†
ν

)
+ Yν

(
2λ∗Tλ + 2Tr

(
Y †ν TYν

)
+ 6g2

2M2 + 6Tr
(
Y †uTu

)
+

6

5
g2

1M1

)
(67)

β
(2)
TYν

= +
12

5
g2

1YνY
†
e Te − 2|λ|2YνY †e Te −

12

5
g2

1M1YνY
†
ν Yν − 12g2

2M2YνY
†
ν Yν

+
6

5
g2

1YνY
†
ν TYν + 6g2

2YνY
†
ν TYν − 4|λ|2YνY †ν TYν − 2|κ|2λNλ†NTYν

− 2|λ|2λNλ†NTYν +
6

5
g2

1TYνY
†
e Ye − |λ|2TYνY †e Ye +

12

5
g2

1TYνY
†
ν Yν

+ 12g2
2TYνY

†
ν Yν − 5|λ|2TYνY †ν Yν − 4|κ|2TλNλ

†
NYν − 4|λ|2TλNλ

†
NYν

− 4YνY
†
e YeY

†
e Te − 2YνY

†
e YeY

†
ν TYν − 4YνY

†
e TeY

†
e Ye − 4YνY

†
e TeY

†
ν Yν

− 6YνY
†
ν YνY

†
ν TYν − 2YνY

†
ν λNλ

†
NTYν − 8YνY

†
ν TYνY

†
ν Yν − 2YνY

†
ν TλNλ

†
NYν

− λNλ†NλNλ
†
NTYν − 2λNλ

†
NTλNλ

†
NYν − 2TYνY

†
e YeY

†
e Ye − 4TYνY

†
e YeY

†
ν Yν

− 6TYνY
†
ν YνY

†
ν Yν − TYνY †ν λNλ

†
NYν − 2TλNλ

†
NλNλ

†
NYν +

207

50
g4

1TYν

+
9

5
g2

1g
2
2TYν +

15

2
g4

2TYν − 2λ|κ|2λ∗TYν − 3λ2λ∗,2TYν − 4κ∗λNλ
†
NYνTκ

− 6λ∗YνY
†
ν YνTλ − 4λ∗λNλ

†
NYνTλ − 6YνY

†
e TeTr

(
YdY

†
d

)
− 3TYνY

†
e YeTr

(
YdY

†
d

)
− 3|λ|2TYνTr

(
YdY

†
d

)
− 2YνY

†
e TeTr

(
YeY

†
e

)
− TYνY †e YeTr

(
YeY

†
e

)
− |λ|2TYνTr

(
YeY

†
e

)
− 12YνY

†
ν TYνTr

(
YuY

†
u

)
− 15TYνY

†
ν YνTr

(
YuY

†
u

)
+

4

5
g2

1TYνTr
(
YuY

†
u

)
+ 16g2

3TYνTr
(
YuY

†
u

)
− 4YνY

†
ν TYνTr

(
YνY

†
ν

)
− 5TYνY

†
ν YνTr

(
YνY

†
ν

)
− λNλ†NTYνTr

(
λNλ

†
N

)
− 2TλNλ

†
NYνTr

(
λNλ

†
N

)
− |λ|2TYνTr

(
λNλ

†
N

)
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− 2

5
YνY

†
e Ye

(
15Tr

(
Y †d Td

)
+ 5λ∗Tλ + 5Tr

(
Y †e Te

)
+ 6g2

1M1

)
− 18YνY

†
ν YνTr

(
Y †uTu

)
− 6YνY

†
ν YνTr

(
Y †ν TYν

)
− 2λNλ

†
NYνTr

(
λ†NTλN

)
− 3TYνTr

(
YdY

†
uYuY

†
d

)
− TYνTr

(
YeY

†
ν YνY

†
e

)
− 9TYνTr

(
YuY

†
uYuY

†
u

)
− 3TYνTr

(
YνY

†
ν YνY

†
ν

)
− TYνTr

(
YνY

†
ν λNλ

†
N

)
− 2

25
Yν

(
207g4

1M1 + 45g2
1g

2
2M1 + 45g2

1g
2
2M2 + 375g4

2M2 + 150λλ∗,2Tλ + 50κ∗λ∗
(
κTλ + λTκ

)
+ 20g2

1M1Tr
(
YuY

†
u

)
+ 400g2

3M3Tr
(
YuY

†
u

)
− 20g2

1Tr
(
Y †uTu

)
− 400g2

3Tr
(
Y †uTu

)
+ 25λ∗

(
λ
(

3Tr
(
Y †d Td

)
+ Tr

(
Y †e Te

)
+ Tr

(
λ†NTλN

))
+ Tλ

(
3Tr
(
YdY

†
d

)
+ Tr

(
YeY

†
e

)
+ Tr

(
λNλ

†
N

)))
+ 75Tr

(
YdY

†
uTuY

†
d

)
+ 25Tr

(
YeY

†
ν TYνY

†
e

)
+ 75Tr

(
YuY

†
d TdY

†
u

)
+ 450Tr

(
YuY

†
uTuY

†
u

)
+ 25Tr

(
YνY

†
e TeY

†
ν

)
+ 150Tr

(
YνY

†
ν TYνY

†
ν

)
+ 25Tr

(
YνY

†
ν TλNλ

†
N

)
+ 25Tr

(
λNλ

†
NTYνY

†
ν

))
(68)

3.7 Bilinear Soft-Breaking Parameters

β
(1)
BµX

= 2µXλ
†
NTλN + 2TTλNλ

∗
NµX +BµXλ

†
NλN + λTNλ

∗
NBµX (69)

β
(2)
BµX

= −4µXλ
†
NYνY

†
ν TλN − 2µXλ

†
NλNλ

†
NTλN − 4µXλ

†
NTYνY

†
ν λN

− 2µXλ
†
NTλNλ

†
NλN − 2BµXλ

†
NYνY

†
ν λN −BµXλ

†
NλNλ

†
NλN − 2λTNY

∗
ν Y

T
ν λ
∗
NBµX

− 4λTNY
∗
ν T

T
Yνλ
∗
NµX − λTNλ∗NλTNλ∗NBµX − 2λTNλ

∗
NT

T
λNλ

∗
NµX

− 4TTλNY
∗
ν Y

T
ν λ
∗
NµX − 2TTλNλ

∗
Nλ

T
Nλ
∗
NµX

− 2κ∗
(
κ
(

2µXλ
†
NTλN + 2TTλNλ

∗
NµX +BµXλ

†
NλN + λTNλ

∗
NBµX

)
+ 2
(
µXλ

†
NλN + λTNλ

∗
NµX

)
Tκ

)
− 2λ∗

(
λ
(

2µXλ
†
NTλN + 2TTλNλ

∗
NµX +BµXλ

†
NλN + λTNλ

∗
NBµX

)
+ 2
(
µXλ

†
NλN + λTNλ

∗
NµX

)
Tλ

)
− 2µXλ

†
NTλNTr

(
λNλ

†
N

)
−BµXλ

†
NλNTr

(
λNλ

†
N

)
− λTNλ∗NBµXTr

(
λNλ

†
N

)
− 2TTλNλ

∗
NµXTr

(
λNλ

†
N

)
− 2µXλ

†
NλNTr

(
λ†NTλN

)
− 2λTNλ

∗
NµXTr

(
λ†NTλN

)
(70)

3.8 Soft-Breaking Scalar Masses
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(
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†
Yν

+ 2TλNT
†
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12

5
g2

1M
∗
1TYνY

†
ν

− 12g2
2M
∗
2TYνY

†
ν − 4λT ∗λTYνY

†
ν +

12

5
g2

1TYνT
†
Yν

+ 12g2
2TYνT

†
Yν

− 4|λ|2TYνT
†
Yν
− 4κT ∗κTλNλ

†
N − 4λT ∗λTλNλ

†
N − 4|κ|2TλNT

†
λN

− 4|λ|2TλNT
†
λN

+
6

5
g2

1m
2
νYνY

†
ν + 6g2

2m
2
νYνY

†
ν − 2|λ|2m2

νYνY
†
ν

− 2|κ|2m2
νλNλ
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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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S
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(
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S
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Sκ
2κ∗,2 + 20

(
m2
Hd
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†
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3.9 Vacuum expectation values
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4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

(
Bρ

W3ρ

)
=ZγZ

(
γρ

Zρ

)
(102)(

W1ρ

W2ρ

)
=ZW

(
W−ρ

W−ρ

)
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 =ZW̃
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W̃−

W̃+

W̃ 0

 (104)
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The mixing matrices are parametrized by
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
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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

)
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=
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This matrix is diagonalized by ZD:
ZDm2
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ZD,† = mdia

2,d̃
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with

d̃L,iα =
∑
j

ZD,∗ji d̃jα , d̃R,iα =
∑
j

ZD,∗ji d̃jα (114)

• Mass matrix for CP-odd Sneutrino, Basis: (σL, σR, σX) , (σL, σR, σX)

m2
νi =


mσLσL mT

σRσL
1
2vsvu<

(
Y Tν λ

∗
N

)
mσLσR mσRσR mT

σXσR

1
2vsvu<

(
λTNY

∗
ν

)
mσRσX mσXσX

 (115)

mσLσL =
1

4

(
2v2
u<
(
Y Tν Y

∗
ν

)
+ 4<

(
m2
l

))
+

1

8

(
g2

1 + g2
2

)
1
(
− v2

u + v2
d

)
(116)

mσLσR = −1

2
vdvs<

(
λY ∗ν

)
+

1√
2
vu<

(
TYν

)
(117)

mσRσR =
1

4

(
2v2
s<
(
λNλ

†
N

)
+ 2v2

u<
(
YνY

†
ν

)
+ 4<

(
m2
ν

))
(118)

mσRσX =
1

8

(
− 2vdvuλ

∗λTN + 2
((
− vdvuλ+ v2

sκ
)
λ†N + v2

sκ
∗λTN

)
+
√

2vs

(
− 4<

(
µXλ

†
N

)
+ 4<

(
TTλN

)))
(119)

mσXσX =
1

8

(
4v2
s<
(
λTNλ

∗
N

)
− 8<

(
BµX

)
+ 8<

(
µXµ

∗
X

)
+ 8<

(
m2
x

))
(120)

This matrix is diagonalized by Zi:
Zim2

νiZ
i,† = mdia

2,νi (121)

with

σL,i =
∑
j

Zi,∗ji ν
i
j , σR,i =

∑
j

Zi,∗ji ν
i
j , σX,i =

∑
j

Zi,∗ji ν
i
j (122)
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• Mass matrix for CP-even Sneutrino, Basis: (φL, φR, φX) , (φL, φR, φX)

m2
νR =


mφLφL mT

φRφL
1
2vsvu<

(
Y Tν λ

∗
N

)
mφLφR mφRφR mT

φXφR
1
2vsvu<

(
λTNY

∗
ν

)
mφRφX mφXφX

 (123)

mφLφL =
1

4

(
2v2
u<
(
Y Tν Y

∗
ν

)
+ 4<

(
m2
l

))
+

1

8

(
g2

1 + g2
2

)
1
(
− v2

u + v2
d

)
(124)

mφLφR = −1

2
vdvs<

(
λY ∗ν

)
+

1√
2
vu<

(
TYν

)
(125)

mφRφR =
1

4

(
2v2
s<
(
λNλ

†
N

)
+ 2v2

u<
(
YνY

†
ν

)
+ 4<

(
m2
ν

))
(126)

mφRφX =
1

8

(
− 2vdvuλ

∗λTN + 2
((
− vdvuλ+ v2

sκ
)
λ†N + v2

sκ
∗λTN

)
+
√

2vs

(
4<
(
µXλ

†
N

)
+ 4<

(
TTλN

)))
(127)

mφXφX =
1

8

(
2
(

2<
(
BµX

)
+ 2v2

s<
(
λTNλ

∗
N

))
+ 4
(

2<
(
m2
x

)
+ <

(
BµX

))
+ 8<

(
µXµ

∗
X

))
(128)

This matrix is diagonalized by ZR:
ZRm2

νRZ
R,† = mdia

2,νR (129)

with

φL,i =
∑
j

ZR,∗ji νRj , φR,i =
∑
j

ZR,∗ji νRj , φX,i =
∑
j

ZR,∗ji νRj (130)

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

) ,
(
ũ∗L,β1

, ũ∗R,β2

)

m2
ũ =

 mũLũ∗
L

1
2

(√
2vuT

†
u − vdvsλY †u

)
δα1β2

1
2δα2β1

(√
2vuTu − vdvsYuλ∗

)
mũRũ∗

R

 (131)

mũLũ∗
L

= − 1

24

(
− 3g2

2 + g2
1

)
1
(
− v2

u + v2
d

)
δα1β1

+
1

2
δα1β1

(
2m2

q + v2
uY
†
uYu

)
(132)

mũRũ∗
R

=
1

2
δα2β2

(
2m2

u + v2
uYuY

†
u

)
+

1

6
g2

11
(
− v2

u + v2
d

)
δα2β2

(133)

This matrix is diagonalized by ZU :
ZUm2

ũZ
U,† = mdia

2,ũ (134)

with

ũL,iα =
∑
j

ZU,∗ji ũjα , ũR,iα =
∑
j

ZU,∗ji ũjα (135)
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• Mass matrix for Sleptons, Basis: (ẽL, ẽR) , (ẽ∗L, ẽ
∗
R)

m2
ẽ =

(
mẽLẽ∗L

− 1
2vsvuλY

†
e + 1√

2
vdT

†
e

− 1
2vsvuYeλ

∗ + 1√
2
vdTe mẽRẽ∗R

)
(136)

mẽLẽ∗L
=

1

2
v2
dY
†
e Ye +

1

8

(
− g2

2 + g2
1

)
1
(
− v2

u + v2
d

)
+m2

l (137)

mẽRẽ∗R
=

1

2
v2
dYeY

†
e +

1

4
g2

11
(
− v2

d + v2
u

)
+m2

e (138)

This matrix is diagonalized by ZE :
ZEm2

ẽZ
E,† = mdia

2,ẽ (139)

with

ẽL,i =
∑
j

ZE,∗ji ẽj , ẽR,i =
∑
j

ZE,∗ji ẽj (140)

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

m2
h =


mφdφd mφuφd mφsφd

mφdφu mφuφu mφsφu

mφdφs mφuφs mφsφs

 (141)

mφdφd =
1

2

(
v2
s + v2

u

)
|λ|2 +

1

8

(
g2

1 + g2
2

)(
3v2
d − v2

u

)
+m2

Hd
(142)

mφdφu =
1

4

(
− 2
√

2vs<
(
Tλ

)
+
(

4vdvuλ− v2
sκ
)
λ∗ − v2

sλκ
∗
)
− 1

4

(
g2

1 + g2
2

)
vdvu (143)

mφuφu =
1

2

(
v2
d + v2

s

)
|λ|2 − 1

8

(
g2

1 + g2
2

)(
− 3v2

u + v2
d

)
+m2

Hu (144)

mφdφs = − 1√
2
vu<

(
Tλ

)
+ vs

((
− 1

2
vuκ+ vdλ

)
λ∗ − 1

2
vuλκ

∗
)

(145)

mφuφs =
1

2

(
− vd

(√
2<
(
Tλ

)
+ vsλκ

∗
)
− vs

(
− 2vuλ+ vdκ

)
λ∗
)

(146)

mφsφs =
1

2

(
2
√

2vs<
(
Tκ

)
+
(

6v2
sκ− vdvuλ

)
κ∗ +

((
v2
d + v2

u

)
λ− vdvuκ

)
λ∗
)

+m2
S (147)

This matrix is diagonalized by ZH :
ZHm2

hZ
H,† = mdia

2,h (148)

with

φd =
∑
j

ZHj1hj , φu =
∑
j

ZHj2hj , φs =
∑
j

ZHj3hj (149)
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• Mass matrix for Pseudo-Scalar Higgs, Basis: (σd, σu, σs) , (σd, σu, σs)

m2
A0 =


mσdσd

1
4vs

(
2
√

2<
(
Tλ

)
+ 2vs<

(
λκ∗

))
mσsσd

1
4vs

(
2
√

2<
(
Tλ

)
+ 2vs<

(
λκ∗

))
mσuσu mσsσu

mσdσs mσuσs mσsσs

+ ξZm
2(Z) (150)

mσdσd =
1

2

(
v2
s + v2

u

)
|λ|2 +

1

8

(
g2

1 + g2
2

)(
− v2

u + v2
d

)
+m2

Hd
(151)

mσuσu =
1

2

(
v2
d + v2

s

)
|λ|2 − 1

8

(
g2

1 + g2
2

)(
− v2

u + v2
d

)
+m2

Hu (152)

mσdσs = −1

2
vu

(
2vs<

(
λκ∗

)
−
√

2<
(
Tλ

))
(153)

mσuσs = −1

2
vd

(
2vs<

(
λκ∗

)
−
√

2<
(
Tλ

))
(154)

mσsσs =
1

2

(
− 2
√

2vs<
(
Tκ

)
+
(

2v2
sκ+ vdvuλ

)
κ∗ +

((
v2
d + v2

u

)
λ+ vdvuκ

)
λ∗
)

+m2
S (155)

Gauge fixing contributions:

m2(ξZ) =


mσdσd mσuσd 0

mσdσu mσuσu 0

0 0 0

 (156)

mσdσd =
1

4
v2
d

(
g1 sin ΘW + g2 cos ΘW

)2

(157)

mσdσu = −1

4
vdvu

(
g1 sin ΘW + g2 cos ΘW

)2

(158)

mσuσu =
1

4
v2
u

(
g1 sin ΘW + g2 cos ΘW

)2

(159)

This matrix is diagonalized by ZA:
ZAm2

A0ZA,† = mdia
2,A0 (160)

with

σd =
∑
j

ZAj1A
0
j , σu =

∑
j

ZAj2A
0
j , σs =

∑
j

ZAj3A
0
j (161)

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

+,∗
u

)
,
(
H−,∗d , H+

u

)
m2
H− =

 mH−
d H

−,∗
d

m∗
H+,∗
u H−,∗

d

mH−
d H

+
u

mH+,∗
u H+

u

+ ξW−m2(W−) (162)
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mH−
d H

−,∗
d

=
1

2
v2
s |λ|2 +

1

8

(
g2

1

(
− v2

u + v2
d

)
+ g2

2

(
v2
d + v2

u

))
+m2

Hd
(163)

mH−
d H

+
u

=
1

2

(
λ
(
− vdvuλ∗ + v2

sκ
∗
)

+
√

2vsTλ

)
+

1

4
g2

2vdvu (164)

mH+,∗
u H+

u
=

1

2
v2
s |λ|2 +

1

8

(
g2

1

(
− v2

d + v2
u

)
+ g2

2

(
v2
d + v2

u

))
+m2

Hu (165)

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

)
(166)

This matrix is diagonalized by Z+:
Z+m2

H−Z+,† = mdia
2,H− (167)

with

H−d =
∑
j

Z+
j1H

−
j , H+

u =
∑
j

Z+
j2H

+
j (168)

4.2.2 Mass Matrices for Fermions

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

0, H̃0
d , H̃

0
u, S̃

)
,
(
λB̃ , W̃

0, H̃0
d , H̃

0
u, S̃

)

mχ̃0 =



M1 0 − 1
2g1vd

1
2g1vu 0

0 M2
1
2g2vd − 1

2g2vu 0

− 1
2g1vd

1
2g2vd 0 − 1√

2
vsλ − 1√

2
vuλ

1
2g1vu − 1

2g2vu − 1√
2
vsλ 0 − 1√

2
vdλ

0 0 − 1√
2
vuλ − 1√

2
vdλ

√
2vsκ


(169)

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

χ̃0 (170)

with

λB̃ =
∑
j

N∗j1λ
0
j , W̃ 0 =

∑
j

N∗j2λ
0
j , H̃0

d =
∑
j

N∗j3λ
0
j (171)

H̃0
u =

∑
j

N∗j4λ
0
j , S̃ =

∑
j

N∗j5λ
0
j (172)

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

mν =


0 0 0

0 0 0

0 0 µX

 (173)

This matrix is diagonalized by UV :
UV,∗mνU

V,† = mdia
ν (174)
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with

νL,i =
∑
j

UV,∗ji νM,j , νR,i =
∑
j

UV,∗ji νM,j , xi =
∑
j

UV,∗ji νM,j (175)

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

)
,
(
W̃+, H̃+

u

)
mχ̃− =

(
M2

1√
2
g2vu

1√
2
g2vd

1√
2
vsλ

)
(176)

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

χ̃− (177)

with

W̃− =
∑
t2

U∗j1λ
−
j , H̃−d =

∑
t2

U∗j2λ
−
j (178)

W̃+ =
∑
t2

V ∗1jλ
+
j , H̃+

u =
∑
t2

V ∗2jλ
+
j (179)

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

me =
(

1√
2
vdY

T
e

)
(180)

This matrix is diagonalized by UeL and UeR

Ue,∗L meU
e,†
R = mdia

e (181)

with

eL,i =
∑
t2

Ue,∗L,jiEL,j (182)

eR,i =
∑
t2

UeR,ijE
∗
R,j (183)

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

)
md =

(
1√
2
vdδα1β1

Y Td

)
(184)

This matrix is diagonalized by UdL and UdR

Ud,∗L mdU
d,†
R = mdia

d (185)

with

dL,iα =
∑
t2

Ud,∗L,jiDL,jα (186)

dR,iα =
∑
t2

UdR,ijD
∗
R,jα (187)
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• Mass matrix for Up-Quarks, Basis: (uL,α1
) ,
(
u∗R,β1

)
mu =

(
1√
2
vuδα1β1

Y Tu

)
(188)

This matrix is diagonalized by UuL and UuR

Uu,∗L muU
u,†
R = mdia

u (189)

with

uL,iα =
∑
t2

Uu,∗L,jiUL,jα (190)

uR,iα =
∑
t2

UuR,ijU
∗
R,jα (191)

5 Vacuum Expectation Values

H0
d =

1√
2
φd +

1√
2
vd + i

1√
2
σd (192)

H0
u =

1√
2
φu +

1√
2
vu + i

1√
2
σu (193)

S =
1√
2
φs +

1√
2
vs + i

1√
2
σs (194)

ν̃L =
1√
2
φL + i

1√
2
σL (195)

ν̃R =
1√
2
φR + i

1√
2
σR (196)

x̃ =
1√
2
φX + i

1√
2
σX (197)

6 Tadpole Equations

∂V

∂φd
=

1

4

((
2vd

(
v2
s + v2

u

)
λ− v2

svuκ
)
λ∗ + 4m2

Hd
vd − vsvu

(
2
√

2<
(
Tλ

)
+ vsλκ

∗
))

+
1

8

(
g2

1 + g2
2

)
vd

(
− vu + vd

)(
vd + vu

)
(198)

∂V

∂φu
= +

1

8

(
g2

1 + g2
2

)
vu

(
− v2

d + v2
u

)
+

1

4

((
2
(
v2
d + v2

s

)
vuλ− vdv2

sκ
)
λ∗ + 4m2

Huvu − vdvs
(

2
√

2<
(
Tλ

)
+ vsλκ

∗
))

(199)

∂V

∂φs
=

1

4

((
− 2vdvsvuλ+ 4v3

sκ
)
κ∗ + vs

(
2
((
v2
d + v2

u

)
λ− vdvuκ

)
λ∗ + 4m2

S

)
+
√

2
(
− vdvu

(
T ∗λ + Tλ

)
+ v2

s

(
T ∗κ + Tκ

)))
(200)
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∂V

∂φLi
= 0 (201)

∂V

∂φRi
= 0 (202)

∂V

∂φXi
= 0 (203)

7 Particle content for eigenstates ’EWSB’

Name Type complex/real Generations Indices

d̃ Scalar complex 6 generation, 6, color, 3
νI Scalar real 9 generation, 9
νR Scalar real 9 generation, 9
ũ Scalar complex 6 generation, 6, color, 3
ẽ Scalar complex 6 generation, 6
h Scalar real 3 generation, 3
A0 Scalar real 3 generation, 3
H− Scalar complex 2 generation, 2

g̃ Fermion Majorana 1 color, 8
χ̃0 Fermion Majorana 5 generation, 5
ν Fermion Majorana 9 generation, 9
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
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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
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γ ˇ̃
di,

ˇ̃
d∗j ,A

0
a,A

0
a

− 1

2

3∑
a=1

A0

(
m2
ha

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ha,ha

− 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

5∑
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

5∑
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

ũa ,m
2
H−
b

)
Γ∗ˇ̃
d∗j ,ũa,H

−
b

Γ ˇ̃
d∗i ,ũa,H

−
b

+

6∑
a=1

3∑
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

3∑
b=1

B0

(
p2,m2

d̃a
,m2

hb

)
Γ∗ˇ̃
d∗j ,d̃a,hb

Γ ˇ̃
d∗i ,d̃a,hb

− 1

2

9∑
a=1

A0

(
m2
νia

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ν

i
a,ν

i
a

− 1

2

9∑
a=1

A0

(
m2
νRa

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ν

R
a ,ν

R
a

− 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
)
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+

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−

)
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• 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

))
−

2∑
a=1

A0

(
m2
H−
a

)
Γν̌ii ,ν̌ij ,H

+
a ,H

−
a
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γν̌ii ,ν̌ij ,A0

a,A
0
a

− 1

2

3∑
a=1

A0

(
m2
ha

)
Γν̌ii ,ν̌ij ,ha,ha

− 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

)
− 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

− 1

2

9∑
a=1

A0

(
m2
νia

)
Γν̌ii ,ν̌ij ,νia,νia −

1

2

9∑
a=1

A0

(
m2
νRa

)
Γν̌ii ,ν̌ij ,νRa ,νRa

+

9∑
a=1

3∑
b=1

B0

(
p2,m2

νia
,m2

A0
b

)
Γ∗ν̌ij ,νia,A0

b
Γν̌ii ,νia,A0

b

+

9∑
a=1

3∑
b=1

B0

(
p2,m2

νia
,m2

hb

)
Γ∗ν̌ij ,νia,hb

Γν̌ii ,νia,hb

+

9∑
a=1

3∑
b=1

B0

(
p2,m2

νRa
,m2

A0
b

)
Γ∗ν̌ij ,νRa ,A0

b
Γν̌ii ,νRa ,A0

b

+

9∑
a=1

3∑
b=1

B0

(
p2,m2

νRa
,m2

hb

)
Γ∗ν̌ij ,νRa ,hb

Γν̌ii ,νRa ,hb

− 2

9∑
a=1

mνa

5∑
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

)
+

9∑
a=1

5∑
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

)
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+ 2

6∑
b=1

Γ∗ν̌ij ,W+,ẽb
Γν̌ii ,W+,ẽbF0

(
p2,m2

ẽb
,m2

W−

)
+

9∑
b=1

Γ∗ν̌ij ,Z,νRb
Γν̌ii ,Z,νRb F0

(
p2,m2

νRb
,m2

Z

)
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• 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

))
−

2∑
a=1

A0

(
m2
H−
a

)
Γν̌Ri ,ν̌Rj ,H

+
a ,H

−
a
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γν̌Ri ,ν̌Rj ,A0

a,A
0
a

− 1

2

3∑
a=1

A0

(
m2
ha

)
Γν̌Ri ,ν̌Rj ,ha,ha

− 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

)
− 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

− 1

2

9∑
a=1

A0

(
m2
νia

)
Γν̌Ri ,ν̌Rj ,νia,νia −

1

2

9∑
a=1

A0

(
m2
νRa

)
Γν̌Ri ,ν̌Rj ,νRa ,νRa

+

9∑
a=1

3∑
b=1

B0

(
p2,m2

νia
,m2

A0
b

)
Γ∗ν̌Rj ,νia,A0

b
Γν̌Ri ,νia,A0

b

+

9∑
a=1

3∑
b=1

B0

(
p2,m2

νia
,m2

hb

)
Γ∗ν̌Rj ,νia,hb

Γν̌Ri ,νia,hb

+

9∑
a=1

3∑
b=1

B0

(
p2,m2

νRa
,m2

A0
b

)
Γ∗ν̌Rj ,νRa ,A0

b
Γν̌Ri ,νRa ,A0

b

+

9∑
a=1

3∑
b=1

B0

(
p2,m2

νRa
,m2

hb

)
Γ∗ν̌Rj ,νRa ,hb

Γν̌Ri ,νRa ,hb

− 2

9∑
a=1

mνa

5∑
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

)
+

9∑
a=1

5∑
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

)
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+ 2

6∑
b=1

Γ∗ν̌Rj ,W+,ẽb
Γν̌Ri ,W+,ẽbF0

(
p2,m2

ẽb
,m2

W−

)
+

9∑
b=1

Γ∗ν̌Rj ,Z,νib
Γν̌Ri ,Z,νibF0

(
p2,m2

νib
,m2

Z

)
(206)

• 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

)
+

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
A0
a

)
Γˇ̃ui,ˇ̃u∗

j ,A
0
a,A

0
a

− 1

2

3∑
a=1

A0

(
m2
ha

)
Γˇ̃ui,ˇ̃u∗

j ,ha,ha

− 2

3∑
a=1

mua

5∑
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

5∑
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

3∑
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

3∑
b=1

B0

(
p2,m2

ũa ,m
2
hb

)
Γ∗ˇ̃u∗

j ,ũa,hb
Γˇ̃u∗

i ,ũa,hb
− 1

2

9∑
a=1

A0

(
m2
νia

)
Γˇ̃ui,ˇ̃u∗

j ,ν
i
a,ν

i
a

− 1

2

9∑
a=1

A0

(
m2
νRa

)
Γˇ̃ui,ˇ̃u∗

j ,ν
R
a ,ν

R
a

− 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

)
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+

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

)
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• 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
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γˇ̃ei,ˇ̃e∗j ,A

0
a,A

0
a

− 1

2

3∑
a=1

A0

(
m2
ha

)
Γˇ̃ei,ˇ̃e∗j ,ha,ha

− 2

3∑
a=1

mea

5∑
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

5∑
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

3∑
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

3∑
b=1

B0

(
p2,m2

ẽa ,m
2
hb

)
Γ∗ˇ̃e∗j ,ẽa,hb

Γˇ̃e∗i ,ẽa,hb
− 1

2

9∑
a=1

A0

(
m2
νia

)
Γˇ̃ei,ˇ̃e∗j ,ν

i
a,ν

i
a

− 1

2

9∑
a=1

A0

(
m2
νRa

)
Γˇ̃ei,ˇ̃e∗j ,ν

R
a ,ν

R
a

+

9∑
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

+

9∑
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

9∑
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

)
+

9∑
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

)
+

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

)
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+

9∑
b=1

Γ∗ˇ̃e∗j ,W−,νib
Γˇ̃e∗i ,W

−,νib
F0

(
p2,m2

νib
,m2

W−

)
+

9∑
b=1

Γ∗ˇ̃e∗j ,W−,νRb
Γˇ̃e∗i ,W

−,νRb
F0

(
p2,m2

νRb
,m2

W−

)
(208)

• 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

)
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γȟi,ȟj ,A0

a,A
0
a
− 1

2

3∑
a=1

A0

(
m2
ha

)
Γȟi,ȟj ,ha,ha

+
1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

A0
a
,m2

A0
b

)
Γ∗
ȟj ,A0

a,A
0
b
Γȟi,A0

a,A
0
b

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

ha ,m
2
A0
b

)
Γ∗
ȟj ,ha,A0

b
Γȟi,ha,A0

b
+

1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

ha ,m
2
hb

)
Γ∗
ȟj ,ha,hb

Γȟi,ha,hb

− 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

)
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+ 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

)
−

5∑
a=1

mχ̃0
a

5∑
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

5∑
a=1

5∑
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

− 1

2

9∑
a=1

A0

(
m2
νia

)
Γȟi,ȟj ,νia,νia −

1

2

9∑
a=1

A0

(
m2
νRa

)
Γȟi,ȟj ,νRa ,νRa

+
1

2

9∑
a=1

9∑
b=1

B0

(
p2,m2

νia
,m2

νib

)
Γ∗
ȟj ,νia,ν

i
b
Γȟi,νia,νib

+

9∑
a=1

9∑
b=1

B0

(
p2,m2

νRa
,m2

νib

)
Γ∗
ȟj ,νRa ,ν

i
b
Γȟi,νRa ,νib

+
1

2

9∑
a=1

9∑
b=1

B0

(
p2,m2

νRa
,m2

νRb

)
Γ∗
ȟj ,νRa ,ν

R
b

Γȟi,νRa ,νRb

+ 2

2∑
b=1

Γ∗
ȟj ,W+,H−

b

Γȟi,W+,H−
b
F0

(
p2,m2

H−
b

,m2
W−

)
+

3∑
b=1

Γ∗
ȟj ,Z,A0

b
Γȟi,Z,A0

b
F0

(
p2,m2

A0
b
,m2

Z

)
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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

))
−

2∑
a=1

A0

(
m2
H−
a

)
ΓǍ0

i ,Ǎ
0
j ,H

+
a ,H

−
a

+

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

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

)
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+

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
A0
a

)
ΓǍ0

i ,Ǎ
0
j ,A

0
a,A

0
a
− 1

2

3∑
a=1

A0

(
m2
ha

)
ΓǍ0

i ,Ǎ
0
j ,ha,ha

+
1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

A0
a
,m2

A0
b

)
Γ∗
Ǎ0
j ,A

0
a,A

0
b
ΓǍ0

i ,A
0
a,A

0
b

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

ha ,m
2
A0
b

)
Γ∗
Ǎ0
j ,ha,A

0
b
ΓǍ0

i ,ha,A
0
b

+
1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

ha ,m
2
hb

)
Γ∗
Ǎ0
j ,ha,hb

ΓǍ0
i ,ha,hb

− 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

)(
ΓL∗
Ǎ0
j ,ūa,ub

ΓL
Ǎ0
i ,ūa,ub

+ ΓR∗
Ǎ0
j ,ūa,ub

ΓR
Ǎ0
i ,ūa,ub

)
−

5∑
a=1

mχ̃0
a

5∑
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

5∑
a=1

5∑
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

6∑
a=1

6∑
b=1

B0

(
p2,m2

d̃a
,m2

d̃b

)
Γ∗
Ǎ0
j ,d̃

∗
a,d̃b

ΓǍ0
i ,d̃

∗
a,d̃b
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+

6∑
a=1

6∑
b=1

B0

(
p2,m2

ẽa ,m
2
ẽb

)
Γ∗
Ǎ0
j ,ẽ

∗
a,ẽb

ΓǍ0
i ,ẽ

∗
a,ẽb

+ 3

6∑
a=1

6∑
b=1

B0

(
p2,m2

ũa ,m
2
ũb

)
Γ∗
Ǎ0
j ,ũ

∗
a,ũb

ΓǍ0
i ,ũ

∗
a,ũb
− 1

2

9∑
a=1

A0

(
m2
νia

)
ΓǍ0

i ,Ǎ
0
j ,ν

i
a,ν

i
a

− 1

2

9∑
a=1

A0

(
m2
νRa

)
ΓǍ0

i ,Ǎ
0
j ,ν

R
a ,ν

R
a

+
1

2

9∑
a=1

9∑
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

+

9∑
a=1

9∑
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

9∑
a=1

9∑
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

+ 2

2∑
b=1

Γ∗
Ǎ0
j ,W

+,H−
b

ΓǍ0
i ,W

+,H−
b
F0

(
p2,m2

H−
b

,m2
W−

)
+

3∑
b=1

Γ∗
Ǎ0
j ,Z,hb

ΓǍ0
i ,Z,hb

F0

(
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

3∑
b=1

B0

(
p2,m2

H−
a
,m2

A0
b

)
Γ∗
Ȟ+
j ,H

−
a ,A

0
b

ΓȞ+
i ,H

−
a ,A

0
b

+

2∑
a=1

3∑
b=1

B0

(
p2,m2

H−
a
,m2

hb

)
Γ∗
Ȟ+
j ,H

−
a ,hb

ΓȞ+
i ,H

−
a ,hb
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
ΓȞ−

i ,Ȟ
+
j ,A

0
a,A

0
a

− 1

2

3∑
a=1

A0

(
m2
ha

)
ΓȞ−

i ,Ȟ
+
j ,ha,ha

− 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

5∑
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

)
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+

5∑
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

− 1

2

9∑
a=1

A0

(
m2
νia

)
ΓȞ−

i ,Ȟ
+
j ,ν

i
a,ν

i
a
− 1

2

9∑
a=1

A0

(
m2
νRa

)
ΓȞ−

i ,Ȟ
+
j ,ν

R
a ,ν

R
a

− 2

9∑
a=1

mνa

3∑
b=1

B0

(
p2,m2

νa ,m
2
eb

)
meb

(
ΓL∗
Ȟ+
j ,νa,eb

ΓR
Ȟ+
i ,νa,eb

+ ΓR∗
Ȟ+
j ,νa,eb

ΓL
Ȟ+
i ,νa,eb

)
+

9∑
a=1

3∑
b=1

G0

(
p2,m2

νa ,m
2
eb
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ΓL∗
Ȟ+
j ,νa,eb

ΓL
Ȟ+
i ,νa,eb

+ ΓR∗
Ȟ+
j ,νa,eb

ΓR
Ȟ+
i ,νa,eb

)
+

9∑
a=1

6∑
b=1

B0

(
p2,m2

νia
,m2

ẽb

)
Γ∗
Ȟ+
j ,ν

i
a,ẽb

ΓȞ+
i ,ν

i
a,ẽb

+

9∑
a=1

6∑
b=1

B0

(
p2,m2

νRa
,m2

ẽb

)
Γ∗
Ȟ+
j ,ν

R
a ,ẽb

ΓȞ+
i ,ν

R
a ,ẽb

+

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

)
+

3∑
b=1

Γ∗
Ȟ+
j ,W

−,A0
b

ΓȞ+
i ,W

−,A0
b
F0

(
p2,m2

A0
b
,m2

W−

)
+

3∑
b=1

Γ∗
Ȟ+
j ,W

−,hb
ΓȞ+

i ,W
−,hb

F0

(
p2,m2

hb
,m2

W−

)
(211)

• 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

+

3∑
a=1

5∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

ha

)
ΓL∗ˇ̃χ0

j ,ha,χ̃
0
b
mχ̃0

b
ΓRˇ̃χ0

i ,ha,χ̃
0
b

+

5∑
a=1

mχ̃0
a

3∑
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

46



+ 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

+

9∑
a=1

9∑
b=1

B0

(
p2,m2

νb
,m2

νia

)
ΓL∗ˇ̃χ0

j ,ν
i
a,νb

mνbΓ
R
ˇ̃χ0
i ,ν

i
a,νb

+

9∑
a=1

9∑
b=1

B0

(
p2,m2

νb
,m2

νRa

)
ΓL∗ˇ̃χ0

j ,ν
R
a ,νb

mνbΓ
R
ˇ̃χ0
i ,ν

R
a ,νb

− 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

5∑
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

(212)

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

3∑
a=1

5∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ha

)
ΓR∗ˇ̃χ0

j ,ha,χ̃
0
b
ΓRˇ̃χ0

i ,ha,χ̃
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− 1

2

5∑
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B1

(
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χ̃0
a
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b

)
ΓR∗ˇ̃χ0

j ,χ̃
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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

− 1

2

9∑
a=1

9∑
b=1

B1

(
p2,m2

νb
,m2

νia

)
ΓR∗ˇ̃χ0

j ,ν
i
a,νb

ΓRˇ̃χ0
i ,ν

i
a,νb

− 1

2

9∑
a=1

9∑
b=1

B1

(
p2,m2

νb
,m2

νRa

)
ΓR∗ˇ̃χ0

j ,ν
R
a ,νb

ΓRˇ̃χ0
i ,ν

R
a ,νb

− 2

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
W−

)
ΓL∗ˇ̃χ0

j ,W
+,χ̃−

b

ΓLˇ̃χ0
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+,χ̃−
b

−
5∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z

)
ΓL∗ˇ̃χ0

j ,Z,χ̃
0
b
ΓLˇ̃χ0

i ,Z,χ̃
0
b
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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

3∑
a=1

5∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ha

)
ΓL∗ˇ̃χ0

j ,ha,χ̃
0
b
ΓLˇ̃χ0

i ,ha,χ̃
0
b

− 1

2

5∑
a=1

3∑
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

− 1

2

9∑
a=1

9∑
b=1

B1

(
p2,m2

νb
,m2

νia

)
ΓL∗ˇ̃χ0

j ,ν
i
a,νb

ΓLˇ̃χ0
i ,ν

i
a,νb

− 1

2

9∑
a=1

9∑
b=1

B1

(
p2,m2

νb
,m2

νRa

)
ΓL∗ˇ̃χ0

j ,ν
R
a ,νb

ΓLˇ̃χ0
i ,ν

R
a ,νb

− 2

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
W−

)
ΓR∗ˇ̃χ0

j ,W
+,χ̃−

b

ΓRˇ̃χ0
i ,W

+,χ̃−
b

−
5∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z

)
ΓR∗ˇ̃χ0

j ,Z,χ̃
0
b
ΓRˇ̃χ0

i ,Z,χ̃
0
b

(214)

• 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

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

+

9∑
a=1

5∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

νia

)
ΓL∗ν̌j ,νia,χ̃0

b
mχ̃0

b
ΓRν̌i,νia,χ̃0

b

+

9∑
a=1

5∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

νRa

)
ΓL∗ν̌j ,νRa ,χ̃0

b
mχ̃0

b
ΓRν̌i,νRa ,χ̃0

b

− 8

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

eb
,m2

W−

))
ΓR∗ν̌j ,W+,eb

mebΓ
L
ν̌i,W+,eb
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− 4

9∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

νb
,m2

Z

))
ΓR∗ν̌j ,Z,νbmνbΓ

L
ν̌i,Z,νb

(215)

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

−
6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ẽa

)
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ν̌j ,ẽ∗a,χ̃

−
b

ΓR
ν̌i,ẽ∗a,χ̃

−
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− 1

2
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a=1
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b=1

B1
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p2,m2

χ̃0
b
,m2
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)
ΓR∗ν̌j ,νia,χ̃0

b
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χ̃0
b
,m2
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b
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b
− 2

3∑
b=1

B1

(
p2,m2
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,m2

W−

)
ΓL∗ν̌j ,W+,eb
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−
9∑
b=1

B1

(
p2,m2

νb
,m2

Z

)
ΓL∗ν̌j ,Z,νbΓ

L
ν̌i,Z,νb

(216)

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
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−
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b
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)
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b

− 1

2
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χ̃0
b
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)
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− 2
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)
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−
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B1

(
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νb
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Z

)
ΓR∗ν̌j ,Z,νbΓ

R
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(217)

• Self-Energy for Charginos (χ̃−)

ΣSi,j(p
2) = +

2∑
a=1
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a

3∑
b=1
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p2,m2

χ̃−
a
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+
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+
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b
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−
b
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+ 3
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ΣRi,j(p
2) = −1
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2∑
a=1

3∑
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− 1

2

2∑
a=1

5∑
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

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ha

)
ΓR∗ˇ̃χ+

j ,ha,χ̃
−
b

ΓRˇ̃χ+
i ,ha,χ̃

−
b

− 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

9∑
b=1

B1

(
p2,m2

νb
,m2

ẽa

)
ΓR∗ˇ̃χ+

j ,ẽa,νb
ΓRˇ̃χ+

i ,ẽa,νb

− 1

2

9∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

νia

)
ΓR∗ˇ̃χ+

j ,ν
i
a,eb

ΓRˇ̃χ+
i ,ν

i
a,eb
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− 1

2

9∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

νRa

)
ΓR∗ˇ̃χ+

j ,ν
R
a ,eb

ΓRˇ̃χ+
i ,ν

R
a ,eb
−

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

−
5∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

W−

)
ΓL∗ˇ̃χ+

j ,W
−,χ̃0

b

ΓLˇ̃χ+
i ,W

−,χ̃0
b

(219)

ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
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

5∑
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

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
ha

)
ΓL∗ˇ̃χ+

j ,ha,χ̃
−
b

ΓLˇ̃χ+
i ,ha,χ̃

−
b

− 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

9∑
b=1

B1

(
p2,m2

νb
,m2

ẽa

)
ΓL∗ˇ̃χ+

j ,ẽa,νb
ΓLˇ̃χ+

i ,ẽa,νb

− 1

2

9∑
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

9∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

νRa

)
ΓL∗ˇ̃χ+

j ,ν
R
a ,eb

ΓLˇ̃χ+
i ,ν

R
a ,eb
−

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

−
5∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

W−

)
ΓR∗ˇ̃χ+

j ,W
−,χ̃0

b

ΓRˇ̃χ+
i ,W

−,χ̃0
b

(220)

• Self-Energy for Leptons (e)

ΣSi,j(p
2) = +

2∑
a=1

9∑
b=1

B0

(
p2,m2

νb
,m2

H−
a

)
ΓL∗ˇ̄ej ,H

−
a ,νb

mνbΓ
R
ˇ̄ei,H

−
a ,νb

+

3∑
a=1

mea

3∑
b=1

B0

(
p2,m2

ea ,m
2
A0
b

)
ΓL∗ˇ̄ej ,ea,A0

b
ΓRˇ̄ei,ea,A0

b

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

ha

)
ΓL∗ˇ̄ej ,ha,eb

mebΓ
R
ˇ̄ei,ha,eb
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+

6∑
a=1

5∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

ẽa

)
ΓL∗ˇ̄ej ,ẽa,χ̃0

b
mχ̃0

b
ΓRˇ̄ei,ẽa,χ̃0

b

+

9∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−
b

,m2
νia

)
ΓL∗ˇ̄ej ,νia,χ̃

−
b

mχ̃−
b

ΓRˇ̄ei,νia,χ̃
−
b

+

9∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−
b

,m2
νRa

)
ΓL∗ˇ̄ej ,νRa ,χ̃

−
b

mχ̃−
b

ΓRˇ̄ei,νRa ,χ̃
−
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

eb
,m2

Z

))
ΓR∗ˇ̄ej ,Z,eb

mebΓ
L
ˇ̄ei,Z,eb

− 4
9∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

νb
,m2

W−

))
ΓR∗ˇ̄ej ,W−,νb

mνbΓ
L
ˇ̄ei,W−,νb

(221)

ΣRi,j(p
2) = −1

2

2∑
a=1

9∑
b=1

B1

(
p2,m2

νb
,m2

H−
a

)
ΓR∗ˇ̄ej ,H

−
a ,νb

ΓRˇ̄ei,H−
a ,νb

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

ea ,m
2
A0
b

)
ΓR∗ˇ̄ej ,ea,A0

b
ΓRˇ̄ei,ea,A0

b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ha

)
ΓR∗ˇ̄ej ,ha,eb

ΓRˇ̄ei,ha,eb

− 1

2

6∑
a=1

5∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ẽa

)
ΓR∗ˇ̄ej ,ẽa,χ̃0

b
ΓRˇ̄ei,ẽa,χ̃0

b

− 1

2

9∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
νia

)
ΓR∗ˇ̄ej ,νia,χ̃

−
b

ΓRˇ̄ei,νia,χ̃
−
b

− 1

2

9∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
νRa

)
ΓR∗ˇ̄ej ,νRa ,χ̃

−
b

ΓRˇ̄ei,νRa ,χ̃
−
b

−
3∑
b=1

B1

(
p2,m2

eb
, 0
)

ΓL∗ˇ̄ej ,γ,eb
ΓLˇ̄ei,γ,eb

−
3∑
b=1

B1

(
p2,m2

eb
,m2

Z

)
ΓL∗ˇ̄ej ,Z,eb

ΓLˇ̄ei,Z,eb −
9∑
b=1

B1

(
p2,m2

νb
,m2

W−

)
ΓL∗ˇ̄ej ,W−,νb

ΓLˇ̄ei,W−,νb
(222)

ΣLi,j(p
2) = −1

2

2∑
a=1

9∑
b=1

B1

(
p2,m2

νb
,m2

H−
a

)
ΓL∗ˇ̄ej ,H

−
a ,νb

ΓLˇ̄ei,H−
a ,νb

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

ea ,m
2
A0
b

)
ΓL∗ˇ̄ej ,ea,A0

b
ΓLˇ̄ei,ea,A0

b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ha

)
ΓL∗ˇ̄ej ,ha,eb

ΓLˇ̄ei,ha,eb
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− 1

2

6∑
a=1

5∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ẽa

)
ΓL∗ˇ̄ej ,ẽa,χ̃0

b
ΓLˇ̄ei,ẽa,χ̃0

b

− 1

2

9∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
νia

)
ΓL∗ˇ̄ej ,νia,χ̃

−
b

ΓLˇ̄ei,νia,χ̃
−
b

− 1

2

9∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−
b

,m2
νRa

)
ΓL∗ˇ̄ej ,νRa ,χ̃

−
b

ΓLˇ̄ei,νRa ,χ̃
−
b

−
3∑
b=1

B1

(
p2,m2

eb
, 0
)

ΓR∗ˇ̄ej ,γ,eb
ΓRˇ̄ei,γ,eb

−
3∑
b=1

B1

(
p2,m2

eb
,m2

Z

)
ΓR∗ˇ̄ej ,Z,eb

ΓRˇ̄ei,Z,eb −
9∑
b=1

B1

(
p2,m2

νb
,m2

W−

)
ΓR∗ˇ̄ej ,W−,νb

ΓRˇ̄ei,W−,νb
(223)

• Self-Energy for Down-Quarks (d)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

H−
a

)
ΓL∗ˇ̄dj ,H−

a ,ub
mubΓ

R
ˇ̄di,H

−
a ,ub

+

3∑
a=1

mda

3∑
b=1

B0

(
p2,m2

da ,m
2
A0
b

)
ΓL∗ˇ̄dj ,da,A0

b

ΓRˇ̄di,da,A0
b

+

3∑
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

5∑
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

(224)

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
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− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

da ,m
2
A0
b

)
ΓR∗ˇ̄dj ,da,A0

b

ΓRˇ̄di,da,A0
b

− 1

2

3∑
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

5∑
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
(225)

ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

H−
a

)
ΓL∗ˇ̄dj ,H−

a ,ub
ΓLˇ̄di,H−

a ,ub

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

da ,m
2
A0
b

)
ΓL∗ˇ̄dj ,da,A0

b

ΓLˇ̄di,da,A0
b

− 1

2

3∑
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

5∑
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
(226)

• Self-Energy for Up-Quarks (u)
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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

+

3∑
a=1

mua

3∑
b=1

B0

(
p2,m2

ua ,m
2
A0
b

)
ΓL∗ˇ̄uj ,ua,A0

b
ΓRˇ̄ui,ua,A0

b

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

ha

)
ΓL∗ˇ̄uj ,ha,ub

mubΓ
R
ˇ̄ui,ha,ub

+

6∑
a=1

5∑
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

(227)

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

6∑
b=1

B1

(
p2,m2

χ̃−
a
,m2

d̃b

)
ΓR∗ˇ̄uj ,χ̃

+
a ,d̃b

ΓRˇ̄ui,χ̃+
a ,d̃b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

ua ,m
2
A0
b

)
ΓR∗ˇ̄uj ,ua,A0

b
ΓRˇ̄ui,ua,A0

b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ha

)
ΓR∗ˇ̄uj ,ha,ub

ΓRˇ̄ui,ha,ub

− 1

2

6∑
a=1

5∑
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
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−
3∑
b=1

B1

(
p2,m2

db
,m2

W−

)
ΓL∗ˇ̄uj ,W+,db

ΓLˇ̄ui,W+,db
(228)

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

3∑
a=1

3∑
b=1

B1

(
p2,m2

ua ,m
2
A0
b

)
ΓL∗ˇ̄uj ,ua,A0

b
ΓLˇ̄ui,ua,A0

b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ha

)
ΓL∗ˇ̄uj ,ha,ub

ΓLˇ̄ui,ha,ub

− 1

2

6∑
a=1

5∑
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
(229)

• 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

+

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

(230)

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 (231)

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
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− 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 (232)

• 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

)]
+

1

2

3∑
a=1

A0

(
m2
A0
a

)
ΓZ,Z,A0

a,A
0
a

+
1

2

3∑
a=1

A0

(
m2
ha

)
ΓZ,Z,ha,ha

− 4

3∑
a=1

3∑
b=1

|ΓZ,ha,A0
b
|2B00

(
p2,m2

A0
b
,m2

ha

)
+ 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

)
+ 4B0

(
p2,m2

ua ,m
2
ub

)
muamub<

(
ΓL∗Z,ūa,ubΓ

R
Z,ūa,ub

)]
+

1

2

5∑
a=1

5∑
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
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− 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

)
+

1

2

9∑
a=1

A0

(
m2
νia

)
ΓZ,Z,νia,νia

+
1

2

9∑
a=1

A0

(
m2
νRa

)
ΓZ,Z,νRa ,νRa − 4

9∑
a=1

9∑
b=1

|ΓZ,νRa ,νib |
2B00

(
p2,m2

νib
,m2

νRa

)
+

1

2

9∑
a=1

9∑
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

)]
+ 2

2∑
b=1

|ΓZ,W+,H−
b
|2B0

(
p2,m2

W− ,m2
H−
b

)
+

3∑
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−

)
(233)

• 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

3∑
b=1

|ΓW+,H−
a ,A

0
b
|2B00

(
p2,m2

A0
b
,m2

H−
a

)
− 4

2∑
a=1

3∑
b=1

|ΓW+,H−
a ,hb
|2B00

(
p2,m2

hb
,m2

H−
a

)
− 4

9∑
a=1

6∑
b=1

|ΓW+,νia,ẽb
|2B00

(
p2,m2

ẽb
,m2

νia

)
− 4

9∑
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

3∑
a=1

A0

(
m2
A0
a

)
ΓW−,W+,A0

a,A
0
a

+
1

2

3∑
a=1

A0

(
m2
ha

)
ΓW−,W+,ha,ha +

1

2

9∑
a=1

A0

(
m2
νia

)
ΓW−,W+,νia,ν

i
a

+
1

2

9∑
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

+

5∑
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

+

9∑
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

)]
+

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

)
+

3∑
b=1

|ΓW+,W−,hb |
2B0

(
p2,m2

W− ,m2
hb

)
(234)

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

)
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γȟi,A0

a,A
0
a
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− 1

2

3∑
a=1

A0

(
m2
ha

)
Γȟi,ha,ha + 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

)
+

5∑
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

− 1

2

9∑
a=1

A0

(
m2
νia

)
Γȟi,νia,νia −

1

2

9∑
a=1

A0

(
m2
νRa

)
Γȟi,νRa ,νRa (235)

δt
(1)

νR
= 0 (236)

9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

A0
i

A0
j

A0
k

1

4

(
− 2λκ∗

(
ZAi2

(
vsZ

A
j1Z

A
k3 + ZAj3

(
− vdZAk3 + vsZ

A
k1

))
+ ZAi1

(
vsZ

A
j2Z

A
k3 + ZAj3

(
vsZ

A
k2 − vuZAk3

))
− ZAi3

(
ZAj1

(
− vsZAk2 + vuZ

A
k3

)
+ ZAj2

(
vdZ

A
k3 − vsZAk1

)
+ ZAj3
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ẽj
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ũ∗kγ

1

2
δβγ

(√
2
(
−

3∑
b=1

3∑
a=1

ZU,∗j3+aT
∗
u,abZ

U
kb +

3∑
b=1

ZU,∗jb

3∑
a=1

ZUk3+aTu,ab

)
ZAi2

+ λ∗
3∑
b=1

ZU,∗jb

3∑
a=1

Yu,abZ
U
k3+a

(
vdZ

A
i3 + vsZ

A
i1

)
− λ

3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
j3+aZ

U
kb

(
vdZ

A
i3 + vsZ

A
i1

))
(243)

62



A0
i

νij

νik

1

8

(
− 2vuλ

3∑
b=1

Zi,∗k3+b

3∑
a=1

Zi,∗j6+aλ
∗
N,baZ

A
i1 − 2vuλ

3∑
b=1

Zi,∗j3+b

3∑
a=1

Zi,∗k6+aλ
∗
N,baZ

A
i1

+ 2vsλ
∗

3∑
b=1

Zi,∗kb

3∑
a=1

Zi,∗j3+aYν,abZ
A
i1 + 2vsλ

∗
3∑
b=1

Zi,∗jb

3∑
a=1

Zi,∗k3+aYν,abZ
A
i1

+ 2vuλ
∗

3∑
b=1

Zi,∗k3+b

3∑
a=1

Zi,∗j6+aλN,baZ
A
i1 + 2vuλ

∗
3∑
b=1

Zi,∗j3+b

3∑
a=1

Zi,∗k6+aλN,baZ
A
i1

− 2vdλ

3∑
b=1

Zi,∗k3+b

3∑
a=1

Zi,∗j6+aλ
∗
N,baZ

A
i2 − 2vdλ

3∑
b=1

Zi,∗j3+b

3∑
a=1

Zi,∗k6+aλ
∗
N,baZ

A
i2

− 2
√

2

3∑
b=1

Zi,∗kb

3∑
a=1

Zi,∗j3+aTY,ν∗
ab
ZAi2 − 2

√
2

3∑
b=1

Zi,∗jb

3∑
a=1

Zi,∗k3+aTY,ν∗
ab
ZAi2

+ 2vdλ
∗

3∑
b=1

Zi,∗k3+b

3∑
a=1

Zi,∗j6+aλN,baZ
A
i2 + 2vdλ

∗
3∑
b=1

Zi,∗j3+b

3∑
a=1

Zi,∗k6+aλN,baZ
A
i2

+ 2
√

2

3∑
b=1

Zi,∗kb

3∑
a=1

Zi,∗j3+aTYν ,abZ
A
i2 + 2

√
2

3∑
b=1

Zi,∗jb

3∑
a=1

Zi,∗k3+aTYν ,abZ
A
i2

+ 2vs

3∑
c=1

Zi,∗k6+c

3∑
b=1

Zi,∗jb

3∑
a=1

λ∗N,acYν,abZ
A
i2 + 2vs

3∑
c=1

Zi,∗j6+c

3∑
b=1

Zi,∗kb

3∑
a=1

λ∗N,acYν,abZ
A
i2

− 2vs

3∑
c=1

Zi,∗kc

3∑
b=1

Zi,∗j6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i2

− 2vs

3∑
c=1

Zi,∗jc

3∑
b=1

Zi,∗k6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i2 + 4vsκ

3∑
b=1

Zi,∗k3+b

3∑
a=1

Zi,∗j6+aλ
∗
N,baZ

A
i3

+ 4vsκ

3∑
b=1

Zi,∗j3+b

3∑
a=1

Zi,∗k6+aλ
∗
N,baZ

A
i3 − 2

√
2

3∑
b=1

Zi,∗k6+b

3∑
a=1

Zi,∗j3+aTλ,N∗
ab
ZAi3

− 2
√

2

3∑
b=1

Zi,∗j6+b

3∑
a=1

Zi,∗k3+aTλ,N∗
ab
ZAi3 + 2vdλ

∗
3∑
b=1

Zi,∗kb

3∑
a=1

Zi,∗j3+aYν,abZ
A
i3

63



+ 2vdλ
∗

3∑
b=1

Zi,∗jb

3∑
a=1

Zi,∗k3+aYν,abZ
A
i3 − 4vsκ

∗
3∑
b=1

Zi,∗k3+b

3∑
a=1

Zi,∗j6+aλN,baZ
A
i3

− 4vsκ
∗

3∑
b=1

Zi,∗j3+b

3∑
a=1

Zi,∗k6+aλN,baZ
A
i3 + 2

√
2

3∑
b=1

Zi,∗k6+b

3∑
a=1

Zi,∗j3+aTλN ,abZ
A
i3

+ 2
√

2

3∑
b=1

Zi,∗j6+b

3∑
a=1

Zi,∗k3+aTλN ,abZ
A
i3 +
√

2

3∑
c=1

Zi,∗k3+c

3∑
b=1

Zi,∗j6+b

3∑
a=1

λ∗N,caµX,abZ
A
i3

+
√

2

3∑
c=1

Zi,∗j3+c

3∑
b=1

Zi,∗k6+b

3∑
a=1

λ∗N,caµX,abZ
A
i3 +
√

2

3∑
c=1

Zi,∗k3+c

3∑
b=1

Zi,∗j6+b

3∑
a=1

λ∗N,caµX,baZ
A
i3

+
√

2

3∑
c=1

Zi,∗j3+c

3∑
b=1

Zi,∗k6+b

3∑
a=1

λ∗N,caµX,baZ
A
i3

− 2vu

3∑
c=1

Zi,∗k6+c

3∑
b=1

Zi,∗jb

3∑
a=1

λ∗N,acYν,abZ
A
i3

− 2vu

3∑
c=1

Zi,∗j6+c

3∑
b=1

Zi,∗kb

3∑
a=1

λ∗N,acYν,abZ
A
i3

+ 2vu

3∑
c=1

Zi,∗kc

3∑
b=1

Zi,∗j6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i3 + 2vu

3∑
c=1

Zi,∗jc

3∑
b=1

Zi,∗k6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i3

−
√

2

3∑
c=1

Zi,∗k6+c

3∑
b=1

Zi,∗j3+b

3∑
a=1

µ∗X,acλN,baZ
A
i3

−
√

2

3∑
c=1

Zi,∗j6+c

3∑
b=1

Zi,∗k3+b

3∑
a=1

µ∗X,acλN,baZ
A
i3

−
√

2

3∑
c=1

Zi,∗k6+c

3∑
b=1

Zi,∗j3+b

3∑
a=1

µ∗X,caλN,baZ
A
i3

−
√

2

3∑
c=1

Zi,∗j6+c

3∑
b=1

Zi,∗k3+b

3∑
a=1

µ∗X,caλN,baZ
A
i3

− 2λ

3∑
b=1

Zi,∗kb

3∑
a=1

Y ∗ν,abZ
i,∗
j3+a

(
vdZ

A
i3 + vsZ

A
i1

)
− 2λ

3∑
b=1

Zi,∗jb

3∑
a=1

Y ∗ν,abZ
i,∗
k3+a

(
vdZ

A
i3 + vsZ

A
i1

))
(244)

64



A0
i

νij

νRk

− i

8

(
− 2vuλ

3∑
b=1

ZR,∗k3+b

3∑
a=1

Zi,∗j6+aλ
∗
N,baZ

A
i1 + 2vuλ

3∑
b=1

Zi,∗j3+b

3∑
a=1

ZR,∗k6+aλ
∗
N,baZ

A
i1

+ 2vsλ
∗

3∑
b=1

ZR,∗kb

3∑
a=1

Zi,∗j3+aYν,abZ
A
i1 − 2vsλ

∗
3∑
b=1

Zi,∗jb

3∑
a=1

ZR,∗k3+aYν,abZ
A
i1

− 2vuλ
∗

3∑
b=1

ZR,∗k3+b

3∑
a=1

Zi,∗j6+aλN,baZ
A
i1 + 2vuλ

∗
3∑
b=1

Zi,∗j3+b

3∑
a=1

ZR,∗k6+aλN,baZ
A
i1

− 2vdλ

3∑
b=1

ZR,∗k3+b

3∑
a=1

Zi,∗j6+aλ
∗
N,baZ

A
i2 + 2vdλ

3∑
b=1

Zi,∗j3+b

3∑
a=1

ZR,∗k6+aλ
∗
N,baZ

A
i2

+ 2
√

2

3∑
b=1

ZR,∗kb

3∑
a=1

Zi,∗j3+aTY,ν∗
ab
ZAi2 − 2

√
2

3∑
b=1

Zi,∗jb

3∑
a=1

ZR,∗k3+aTY,ν∗
ab
ZAi2

− 2vdλ
∗

3∑
b=1

ZR,∗k3+b

3∑
a=1

Zi,∗j6+aλN,baZ
A
i2 + 2vdλ

∗
3∑
b=1

Zi,∗j3+b

3∑
a=1

ZR,∗k6+aλN,baZ
A
i2

+ 2
√

2

3∑
b=1

ZR,∗kb

3∑
a=1

Zi,∗j3+aTYν ,abZ
A
i2 − 2

√
2

3∑
b=1

Zi,∗jb

3∑
a=1

ZR,∗k3+aTYν ,abZ
A
i2

− 2vs

3∑
c=1

ZR,∗k6+c

3∑
b=1

Zi,∗jb

3∑
a=1

λ∗N,acYν,abZ
A
i2

+ 2vs

3∑
c=1

Zi,∗j6+c

3∑
b=1

ZR,∗kb

3∑
a=1

λ∗N,acYν,abZ
A
i2 + 2vs

3∑
c=1

ZR,∗kc

3∑
b=1

Zi,∗j6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i2

− 2vs

3∑
c=1

Zi,∗jc

3∑
b=1

ZR,∗k6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i2 + 4vsκ

3∑
b=1

ZR,∗k3+b

3∑
a=1

Zi,∗j6+aλ
∗
N,baZ

A
i3

− 4vsκ

3∑
b=1

Zi,∗j3+b

3∑
a=1

ZR,∗k6+aλ
∗
N,baZ

A
i3 + 2

√
2

3∑
b=1

ZR,∗k6+b

3∑
a=1

Zi,∗j3+aTλ,N∗
ab
ZAi3

− 2
√

2

3∑
b=1

Zi,∗j6+b

3∑
a=1

ZR,∗k3+aTλ,N∗
ab
ZAi3 + 2vdλ

∗
3∑
b=1

ZR,∗kb

3∑
a=1

Zi,∗j3+aYν,abZ
A
i3

65



− 2vdλ
∗

3∑
b=1

Zi,∗jb

3∑
a=1

ZR,∗k3+aYν,abZ
A
i3 + 4vsκ

∗
3∑
b=1

ZR,∗k3+b

3∑
a=1

Zi,∗j6+aλN,baZ
A
i3

− 4vsκ
∗

3∑
b=1

Zi,∗j3+b

3∑
a=1

ZR,∗k6+aλN,baZ
A
i3 + 2

√
2

3∑
b=1

ZR,∗k6+b

3∑
a=1

Zi,∗j3+aTλN ,abZ
A
i3

− 2
√

2

3∑
b=1

Zi,∗j6+b

3∑
a=1

ZR,∗k3+aTλN ,abZ
A
i3 +
√

2

3∑
c=1

ZR,∗k3+c

3∑
b=1

Zi,∗j6+b

3∑
a=1

λ∗N,caµX,abZ
A
i3

+
√

2

3∑
c=1

Zi,∗j3+c

3∑
b=1

ZR,∗k6+b

3∑
a=1

λ∗N,caµX,abZ
A
i3 +
√

2

3∑
c=1

ZR,∗k3+c

3∑
b=1

Zi,∗j6+b

3∑
a=1

λ∗N,caµX,baZ
A
i3

+
√

2

3∑
c=1

Zi,∗j3+c

3∑
b=1

ZR,∗k6+b

3∑
a=1

λ∗N,caµX,baZ
A
i3 + 2vu

3∑
c=1

ZR,∗k6+c

3∑
b=1

Zi,∗jb

3∑
a=1

λ∗N,acYν,abZ
A
i3

− 2vu

3∑
c=1

Zi,∗j6+c

3∑
b=1

ZR,∗kb

3∑
a=1

λ∗N,acYν,abZ
A
i3

− 2vu

3∑
c=1

ZR,∗kc

3∑
b=1

Zi,∗j6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i3

+ 2vu

3∑
c=1

Zi,∗jc

3∑
b=1

ZR,∗k6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i3 +
√

2

3∑
c=1

ZR,∗k6+c

3∑
b=1

Zi,∗j3+b

3∑
a=1

µ∗X,acλN,baZ
A
i3

+
√

2

3∑
c=1

Zi,∗j6+c

3∑
b=1

ZR,∗k3+b

3∑
a=1

µ∗X,acλN,baZ
A
i3 +
√

2

3∑
c=1

ZR,∗k6+c

3∑
b=1

Zi,∗j3+b

3∑
a=1

µ∗X,caλN,baZ
A
i3

+
√

2

3∑
c=1

Zi,∗j6+c

3∑
b=1

ZR,∗k3+b

3∑
a=1

µ∗X,caλN,baZ
A
i3

+ 2λ

3∑
b=1

ZR,∗kb

3∑
a=1

Y ∗ν,abZ
i,∗
j3+a

(
vdZ

A
i3 + vsZ

A
i1

)
− 2λ

3∑
b=1

Zi,∗jb

3∑
a=1

Y ∗ν,abZ
R,∗
k3+a

(
vdZ

A
i3 + vsZ

A
i1

))
(245)

A0
i

νRj

νRk

66



1

8

(
− 2vuλ

3∑
b=1

ZR,∗k3+b

3∑
a=1

ZR,∗j6+aλ
∗
N,baZ

A
i1 − 2vuλ

3∑
b=1

ZR,∗j3+b

3∑
a=1

ZR,∗k6+aλ
∗
N,baZ

A
i1

+ 2vsλ
∗

3∑
b=1

ZR,∗kb

3∑
a=1

ZR,∗j3+aYν,abZ
A
i1 + 2vsλ

∗
3∑
b=1

ZR,∗jb

3∑
a=1

ZR,∗k3+aYν,abZ
A
i1

+ 2vuλ
∗

3∑
b=1

ZR,∗k3+b

3∑
a=1

ZR,∗j6+aλN,baZ
A
i1 + 2vuλ

∗
3∑
b=1

ZR,∗j3+b

3∑
a=1

ZR,∗k6+aλN,baZ
A
i1

− 2vdλ

3∑
b=1

ZR,∗k3+b

3∑
a=1

ZR,∗j6+aλ
∗
N,baZ

A
i2 − 2vdλ

3∑
b=1

ZR,∗j3+b

3∑
a=1

ZR,∗k6+aλ
∗
N,baZ

A
i2

− 2
√

2

3∑
b=1

ZR,∗kb

3∑
a=1

ZR,∗j3+aTY,ν∗
ab
ZAi2 − 2

√
2

3∑
b=1

ZR,∗jb

3∑
a=1

ZR,∗k3+aTY,ν∗
ab
ZAi2

+ 2vdλ
∗

3∑
b=1

ZR,∗k3+b

3∑
a=1

ZR,∗j6+aλN,baZ
A
i2 + 2vdλ

∗
3∑
b=1

ZR,∗j3+b

3∑
a=1

ZR,∗k6+aλN,baZ
A
i2

+ 2
√

2

3∑
b=1

ZR,∗kb

3∑
a=1

ZR,∗j3+aTYν ,abZ
A
i2 + 2

√
2

3∑
b=1

ZR,∗jb

3∑
a=1

ZR,∗k3+aTYν ,abZ
A
i2

+ 2vs

3∑
c=1

ZR,∗k6+c

3∑
b=1

ZR,∗jb

3∑
a=1

λ∗N,acYν,abZ
A
i2 + 2vs

3∑
c=1

ZR,∗j6+c

3∑
b=1

ZR,∗kb

3∑
a=1

λ∗N,acYν,abZ
A
i2

− 2vs

3∑
c=1

ZR,∗kc

3∑
b=1

ZR,∗j6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i2

− 2vs

3∑
c=1

ZR,∗jc

3∑
b=1

ZR,∗k6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i2 + 4vsκ

3∑
b=1

ZR,∗k3+b

3∑
a=1

ZR,∗j6+aλ
∗
N,baZ

A
i3

+ 4vsκ

3∑
b=1

ZR,∗j3+b

3∑
a=1

ZR,∗k6+aλ
∗
N,baZ

A
i3 − 2

√
2

3∑
b=1

ZR,∗k6+b

3∑
a=1

ZR,∗j3+aTλ,N∗
ab
ZAi3

− 2
√

2

3∑
b=1

ZR,∗j6+b

3∑
a=1

ZR,∗k3+aTλ,N∗
ab
ZAi3 + 2vdλ

∗
3∑
b=1

ZR,∗kb

3∑
a=1

ZR,∗j3+aYν,abZ
A
i3

+ 2vdλ
∗

3∑
b=1

ZR,∗jb

3∑
a=1

ZR,∗k3+aYν,abZ
A
i3 − 4vsκ

∗
3∑
b=1

ZR,∗k3+b

3∑
a=1

ZR,∗j6+aλN,baZ
A
i3

− 4vsκ
∗

3∑
b=1

ZR,∗j3+b

3∑
a=1

ZR,∗k6+aλN,baZ
A
i3 + 2

√
2

3∑
b=1

ZR,∗k6+b

3∑
a=1

ZR,∗j3+aTλN ,abZ
A
i3

+ 2
√

2

3∑
b=1

ZR,∗j6+b

3∑
a=1

ZR,∗k3+aTλN ,abZ
A
i3 −
√

2

3∑
c=1

ZR,∗k3+c

3∑
b=1

ZR,∗j6+b

3∑
a=1

λ∗N,caµX,abZ
A
i3

67



−
√

2

3∑
c=1

ZR,∗j3+c

3∑
b=1

ZR,∗k6+b

3∑
a=1

λ∗N,caµX,abZ
A
i3

−
√

2

3∑
c=1

ZR,∗k3+c

3∑
b=1

ZR,∗j6+b

3∑
a=1

λ∗N,caµX,baZ
A
i3

−
√

2

3∑
c=1

ZR,∗j3+c

3∑
b=1

ZR,∗k6+b

3∑
a=1

λ∗N,caµX,baZ
A
i3

− 2vu

3∑
c=1

ZR,∗k6+c

3∑
b=1

ZR,∗jb

3∑
a=1

λ∗N,acYν,abZ
A
i3

− 2vu

3∑
c=1

ZR,∗j6+c

3∑
b=1

ZR,∗kb

3∑
a=1

λ∗N,acYν,abZ
A
i3

+ 2vu

3∑
c=1

ZR,∗kc

3∑
b=1

ZR,∗j6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i3 + 2vu

3∑
c=1

ZR,∗jc

3∑
b=1

ZR,∗k6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i3

+
√

2

3∑
c=1

ZR,∗k6+c

3∑
b=1

ZR,∗j3+b

3∑
a=1

µ∗X,acλN,baZ
A
i3 +
√

2

3∑
c=1

ZR,∗j6+c

3∑
b=1

ZR,∗k3+b

3∑
a=1

µ∗X,acλN,baZ
A
i3

+
√

2

3∑
c=1

ZR,∗k6+c

3∑
b=1

ZR,∗j3+b

3∑
a=1

µ∗X,caλN,baZ
A
i3 +
√

2

3∑
c=1

ZR,∗j6+c

3∑
b=1

ZR,∗k3+b

3∑
a=1

µ∗X,caλN,baZ
A
i3

− 2λ

3∑
b=1

ZR,∗kb

3∑
a=1

Y ∗ν,abZ
R,∗
j3+a

(
vdZ

A
i3 + vsZ

A
i1

)
− 2λ

3∑
b=1

ZR,∗jb

3∑
a=1

Y ∗ν,abZ
R,∗
k3+a

(
vdZ

A
i3 + vsZ

A
i1

))
(246)

hi

hj

hk

− i

4

(
ZHi1

(
ZHj1

(
3
(
g2

1 + g2
2

)
vdZ

H
k1 + 4vs|λ|2ZHk3 − vu

(
− 4|λ|2 + g2

1 + g2
2

)
ZHk2

)
− ZHj2

(
vu

(
− 4|λ|2 + g2

1 + g2
2

)
ZHk1 + vd

(
− 4|λ|2 + g2

1 + g2
2

)
ZHk2

+
(

2vsκλ
∗ + 2vsλκ

∗ +
√

2
(
T ∗λ + Tλ

))
ZHk3

)
68



− ZHj3
(√

2
(
T ∗λ + Tλ

)
ZHk2 + 2λκ∗

(
vsZ

H
k2 + vuZ

H
k3

)
+ 2λ∗

((
− 2vdλ+ vuκ

)
ZHk3 − 2vsλZ

H
k1 + vsκZ

H
k2

)))
− ZHi2

(
ZHj2

(
− 3
(
g2

1 + g2
2

)
vuZ

H
k2 − 4vs|λ|2ZHk3 + vd

(
− 4|λ|2 + g2

1 + g2
2

)
ZHk1

)
+ ZHj1

(
vu

(
− 4|λ|2 + g2

1 + g2
2

)
ZHk1 + vd

(
− 4|λ|2 + g2

1 + g2
2

)
ZHk2

+
(

2vsκλ
∗ + 2vsλκ

∗ +
√

2
(
T ∗λ + Tλ

))
ZHk3

)
+ ZHj3

(√
2
(
T ∗λ + Tλ

)
ZHk1 + 2λκ∗

(
vdZ

H
k3 + vsZ

H
k1

)
+ 2λ∗

(
− 2vsλZ

H
k2 +

(
− 2vuλ+ vdκ

)
ZHk3 + vsκZ

H
k1

)))
+ ZHi3

(
−
√

2
(
− 2
(
T ∗κ + Tκ

)
ZHj3Z

H
k3 + T ∗λ

(
ZHj1Z

H
k2 + ZHj2Z

H
k1

)
+ Tλ

(
ZHj1Z

H
k2 + ZHj2Z

H
k1

))
− 2κ∗

(
λZHj2

(
vdZ

H
k3 + vsZ

H
k1

)
+ λZHj1

(
vsZ

H
k2 + vuZ

H
k3

)
+ ZHj3

(
− 12vsκZ

H
k3 + vdλZ

H
k2 + vuλZ

H
k1

))
− 2λ∗

(
ZHj3

((
− 2vdλ+ vuκ

)
ZHk1 +

(
− 2vuλ+ vdκ

)
ZHk2

)
+ ZHj1

((
− 2vdλ+ vuκ

)
ZHk3 − 2vsλZ

H
k1 + vsκZ

H
k2

)
+ ZHj2

(
− 2vsλZ

H
k2 +

(
− 2vuλ+ vdκ

)
ZHk3 + vsκZ

H
k1

))))
(247)

hi

H−j

H+
k

− i

4

(
ZHi2

(
Z+
j2

((
g2

1 + g2
2

)
vuZ

+
k2 + vd

(
− 2|λ|2 + g2

2

)
Z+
k1

)
+ Z+

j1

((
− g2

1 + g2
2

)
vuZ

+
k1 + vd

(
− 2|λ|2 + g2

2

)
Z+
k2

))
+ ZHi1

(
Z+
j2

((
− g2

1 + g2
2

)
vdZ

+
k2 + vu

(
− 2|λ|2 + g2

2

)
Z+
k1

)
+ Z+

j1

((
g2

1 + g2
2

)
vdZ

+
k1 + vu

(
− 2|λ|2 + g2

2

)
Z+
k2

))
+ 2ZHi3

((
2vsλκ

∗ +
√

2Tλ

)
Z+
j1Z

+
k2 + 2vsλ

∗
(
λZ+

j1Z
+
k1 + Z+

j2

(
κZ+

k1 + λZ+
k2

))
+
√

2T ∗λZ
+
j2Z

+
k1

))
(248)

69



hi

d̃jβ

d̃∗kγ

i

12
δβγ

((
3g2

2 + g2
1

) 3∑
a=1

ZD,∗ja ZDka

(
vdZ

H
i1 − vuZHi2

)
+ 2
(
g2

1

3∑
a=1

ZD,∗j3+aZ
D
k3+a

(
vdZ

H
i1 − vuZHi2

)
+ 3
(
−
√

2

3∑
b=1

ZD,∗jb

3∑
a=1

ZDk3+aTd,abZ
H
i1 −

√
2

3∑
b=1

3∑
a=1

ZD,∗j3+aT
∗
d,abZ

D
kbZ

H
i1

− 2vd

3∑
c=1

ZD,∗j3+c

3∑
b=1

3∑
a=1

Y ∗d,caYd,baZ
D
k3+bZ

H
i1 − 2vd

3∑
c=1

3∑
b=1

ZD,∗jb

3∑
a=1

Y ∗d,acYd,abZ
D
kcZ

H
i1

+ vsλ
∗

3∑
b=1

ZD,∗jb

3∑
a=1

Yd,abZ
D
k3+aZ

H
i2 + vsλ

3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
j3+aZ

D
kbZ

H
i2

+ vuλ
∗

3∑
b=1

ZD,∗jb

3∑
a=1

Yd,abZ
D
k3+aZ

H
i3 + vuλ

3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
j3+aZ

D
kbZ

H
i3

)))
(249)

hi

ẽj
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9.2 Two Scalar-One Vector Boson-Interaction
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+
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+
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+
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)
(273)

ẽi
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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
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ũ∗jβ

gγµ

− i

2
g3δijλ

γ
β,α

(
− pũ

∗
jβ
µ + pũiαµ
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ũiα
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9.3 One Scalar-Two Vector Boson-Interaction
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9.4 Two Fermion-One Vector Boson-Interaction
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ūiα

ujβ

gγµ

96



− i

2
g3δijλ

γ
α,β

(
γµ ·

1− γ5

2

)
(311)

+ − i
2
g3δijλ

γ
α,β

(
γµ ·

1 + γ5

2

)
(312)
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9.5 Two Fermion-One Scalar Boson-Interaction
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9.6 Three Vector Boson-Interaction

gαρ

gβσ

gγµ

g3fα,β,γ

(
gρµ

(
− pgγµσ + pgαρσ

)
+ gρσ
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9.7 Four Scalar-Interaction
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3∑
b=1

ZR,∗l6+b

3∑
a=1

Y ∗ν,acλN,abZ
A
i3Z

A
j2 + λ

3∑
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3∑
c=1

Zi,∗k6+c

3∑
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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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k1Z
+
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+
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3∑
b=1

ZD,∗kb

3∑
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3∑
b=1

Zi,∗lb

3∑
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3∑
b=1

Zi,∗kb

3∑
a=1

Zi,∗l3+aYν,abZ
A
i1Z

H
j3 +

3∑
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3∑
c=1

ZR,∗kc

3∑
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ẽ∗l

H−j

νRk

− i

4

(
g2

2

3∑
a=1

ZR,∗ka Z
E
la

(
ZHi1Z

+
j1 + ZHi2Z

+
j2

)

143



− 2
( 3∑
c=1

3∑
b=1

ZR,∗kb

3∑
a=1

Y ∗e,acYe,abZ
E
lcZ

H
i1Z

+
j1 + λ

3∑
b=1

3∑
a=1

Y ∗ν,abZ
R,∗
k3+aZ

E
lbZ

H
i3Z

+
j1

+

3∑
c=1

3∑
b=1

ZR,∗kb

3∑
a=1

Y ∗ν,acYν,abZ
E
lcZ

H
i2Z

+
j2 + λ∗

3∑
b=1

ZR,∗kb

3∑
a=1

Ye,abZ
E
l3+aZ

H
i3Z

+
j2

+

3∑
c=1

3∑
b=1

ZR,∗k6+b

3∑
a=1

Y ∗ν,acλN,abZ
E
lcZ

H
i3Z

+
j2

+

3∑
c=1

ZR,∗k3+c

3∑
b=1

3∑
a=1

Y ∗ν,caYe,baZ
E
l3+b

(
ZHi1Z

+
j2 + ZHi2Z

+
j1

)))
(434)

hi
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ẽ∗l

ẽj
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ẽi

d̃∗lδ
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ũ∗lδ

νij

νRk

1

2
δαδ

( 3∑
b=1

ZU,∗ib

3∑
a=1

Yu,abZ
U
l3+a

(
−

3∑
d=1

Zi,∗jd

3∑
c=1

Y ∗ν,cdZ
R,∗
k3+c +

3∑
d=1

ZR,∗kd

3∑
c=1

Y ∗ν,cdZ
i,∗
j3+c

)
+
(
−

3∑
b=1

ZR,∗kb

3∑
a=1

Zi,∗j3+aYν,ab +

3∑
b=1

Zi,∗jb

3∑
a=1

ZR,∗k3+aYν,ab

) 3∑
d=1

3∑
c=1

Y ∗u,cdZ
U,∗
i3+cZ

U
ld

)
(461)
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a=1

Zi,∗i6+aλN,ba

3∑
d=1

Zi,∗j3+d

3∑
c=1

ZR,∗k6+cλ
∗
N,dc

+

3∑
b=1

Zi,∗i3+b

3∑
a=1

ZR,∗l6+aλN,ba

3∑
d=1

Zi,∗j3+d

3∑
c=1

ZR,∗k6+cλ
∗
N,dc

+

3∑
b=1

Zi,∗j3+b

3∑
a=1

Zi,∗i6+aλN,ba

3∑
d=1

ZR,∗l3+d

3∑
c=1

ZR,∗k6+cλ
∗
N,dc

+

3∑
b=1

Zi,∗i3+b

3∑
a=1

Zi,∗j6+aλN,ba

3∑
d=1

ZR,∗l3+d

3∑
c=1

ZR,∗k6+cλ
∗
N,dc

−
3∑
b=1

ZR,∗k3+b

3∑
a=1

Zi,∗j6+aλN,ba

3∑
d=1

Zi,∗i3+d

3∑
c=1

ZR,∗l6+cλ
∗
N,dc

+

3∑
b=1

Zi,∗j3+b

3∑
a=1

ZR,∗k6+aλN,ba

3∑
d=1

Zi,∗i3+d

3∑
c=1

ZR,∗l6+cλ
∗
N,dc

−
3∑
b=1

ZR,∗k3+b

3∑
a=1
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3∑
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3∑
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ZR,∗l6+cλ
∗
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+
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3∑
a=1
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3∑
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∗
N,dc

+
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b=1
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3∑
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3∑
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3∑
c=1
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+
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a=1

Zi,∗j6+aλN,ba
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3∑
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ZR,∗l6+cλ
∗
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3∑
d=1

ZR,∗kd

3∑
c=1

Y ∗ν,cdZ
i,∗
i3+c
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3∑
d=1

ZR,∗kd

3∑
c=1

Y ∗ν,cdZ
i,∗
i3+c

+

3∑
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3∑
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3∑
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−
3∑
b=1

ZR,∗kb

3∑
a=1

ZR,∗j3+aYν,ab

3∑
d=1

Zi,∗id

3∑
c=1

Y ∗ν,cdZ
R,∗
l3+c

−
3∑
b=1

ZR,∗jb

3∑
a=1
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3∑
d=1

Zi,∗id
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−
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+
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d=1
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c=1

Y ∗ν,cdZ
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l3+c

−
3∑
b=1

ZR,∗jb

3∑
a=1

Zi,∗i3+aYν,ab

3∑
d=1
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Y ∗ν,cdZ
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l3+c

+

3∑
b=1
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3∑
a=1

ZR,∗j3+aYν,ab

3∑
d=1
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3∑
c=1

Y ∗ν,cdZ
R,∗
l3+c

−
3∑
b=1

ZR,∗l3+b

3∑
a=1

ZR,∗k6+aλN,ba

3∑
d=1

ZR,∗j3+d

3∑
c=1

Zi,∗i6+cλ
∗
N,dc

−
3∑
b=1

ZR,∗k3+b

3∑
a=1

ZR,∗l6+aλN,ba

3∑
d=1

ZR,∗j3+d

3∑
c=1

Zi,∗i6+cλ
∗
N,dc

−
3∑
b=1

ZR,∗l3+b

3∑
a=1

ZR,∗j6+aλN,ba

3∑
d=1

ZR,∗k3+d

3∑
c=1

Zi,∗i6+cλ
∗
N,dc

−
3∑
b=1

ZR,∗j3+b

3∑
a=1

ZR,∗l6+aλN,ba

3∑
d=1

ZR,∗k3+d

3∑
c=1

Zi,∗i6+cλ
∗
N,dc

−
3∑
b=1

ZR,∗k3+b

3∑
a=1

ZR,∗j6+aλN,ba

3∑
d=1

ZR,∗l3+d

3∑
c=1

Zi,∗i6+cλ
∗
N,dc

−
3∑
b=1

ZR,∗j3+b

3∑
a=1

ZR,∗k6+aλN,ba

3∑
d=1

ZR,∗l3+d

3∑
c=1

Zi,∗i6+cλ
∗
N,dc

+

3∑
b=1

ZR,∗l3+b

3∑
a=1

ZR,∗k6+aλN,ba

3∑
d=1

Zi,∗i3+d

3∑
c=1

ZR,∗j6+cλ
∗
N,dc

+

3∑
b=1

ZR,∗k3+b

3∑
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ZR,∗l6+aλN,ba

3∑
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3∑
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ZR,∗j6+cλ
∗
N,dc

+

3∑
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3∑
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3∑
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ZR,∗k3+d

3∑
c=1

ZR,∗j6+cλ
∗
N,dc
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−
3∑
b=1

Zi,∗i3+b

3∑
a=1

ZR,∗l6+aλN,ba

3∑
d=1

ZR,∗k3+d

3∑
c=1

ZR,∗j6+cλ
∗
N,dc

+

3∑
b=1

ZR,∗k3+b

3∑
a=1

Zi,∗i6+aλN,ba

3∑
d=1

ZR,∗l3+d

3∑
c=1

ZR,∗j6+cλ
∗
N,dc

−
3∑
b=1

Zi,∗i3+b

3∑
a=1

ZR,∗k6+aλN,ba

3∑
d=1

ZR,∗l3+d

3∑
c=1

ZR,∗j6+cλ
∗
N,dc

+

3∑
b=1

ZR,∗l3+b

3∑
a=1

ZR,∗j6+aλN,ba

3∑
d=1

Zi,∗i3+d

3∑
c=1

ZR,∗k6+cλ
∗
N,dc

+

3∑
b=1

ZR,∗j3+b

3∑
a=1

ZR,∗l6+aλN,ba

3∑
d=1

Zi,∗i3+d

3∑
c=1

ZR,∗k6+cλ
∗
N,dc

+

3∑
b=1

ZR,∗l3+b

3∑
a=1

Zi,∗i6+aλN,ba

3∑
d=1

ZR,∗j3+d

3∑
c=1

ZR,∗k6+cλ
∗
N,dc

−
3∑
b=1

Zi,∗i3+b

3∑
a=1

ZR,∗l6+aλN,ba

3∑
d=1

ZR,∗j3+d

3∑
c=1

ZR,∗k6+cλ
∗
N,dc

+

3∑
b=1

ZR,∗j3+b

3∑
a=1

Zi,∗i6+aλN,ba

3∑
d=1

ZR,∗l3+d

3∑
c=1

ZR,∗k6+cλ
∗
N,dc

−
3∑
b=1

Zi,∗i3+b

3∑
a=1

ZR,∗j6+aλN,ba

3∑
d=1

ZR,∗l3+d

3∑
c=1

ZR,∗k6+cλ
∗
N,dc

+

3∑
b=1

ZR,∗k3+b

3∑
a=1

ZR,∗j6+aλN,ba

3∑
d=1

Zi,∗i3+d

3∑
c=1

ZR,∗l6+cλ
∗
N,dc

+

3∑
b=1

ZR,∗j3+b

3∑
a=1

ZR,∗k6+aλN,ba

3∑
d=1

Zi,∗i3+d

3∑
c=1

ZR,∗l6+cλ
∗
N,dc

+

3∑
b=1

ZR,∗k3+b

3∑
a=1

Zi,∗i6+aλN,ba

3∑
d=1

ZR,∗j3+d

3∑
c=1

ZR,∗l6+cλ
∗
N,dc

−
3∑
b=1

Zi,∗i3+b

3∑
a=1

ZR,∗k6+aλN,ba

3∑
d=1

ZR,∗j3+d

3∑
c=1

ZR,∗l6+cλ
∗
N,dc

+

3∑
b=1

ZR,∗j3+b

3∑
a=1

Zi,∗i6+aλN,ba

3∑
d=1

ZR,∗k3+d

3∑
c=1

ZR,∗l6+cλ
∗
N,dc

−
3∑
b=1

Zi,∗i3+b

3∑
a=1

ZR,∗j6+aλN,ba

3∑
d=1

ZR,∗k3+d

3∑
c=1

ZR,∗l6+cλ
∗
N,dc

)
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νRi

νRl

νRj

νRk

− i

8

((
g2

1 + g2
2

) 3∑
a=1

ZR,∗ka Z
R,∗
la

3∑
b=1

ZR,∗ib ZR,∗jb +
(
g2

1 + g2
2

) 3∑
a=1

ZR,∗ja ZR,∗la

3∑
b=1

ZR,∗ib ZR,∗kb

+ g2
1

3∑
a=1

ZR,∗ia ZR,∗la

3∑
b=1

ZR,∗jb ZR,∗kb + g2
2

3∑
a=1

ZR,∗ia ZR,∗la

3∑
b=1

ZR,∗jb ZR,∗kb

+ g2
1

3∑
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ZR,∗ja ZR,∗ka

3∑
b=1

ZR,∗ib ZR,∗lb + g2
2

3∑
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ZR,∗ja ZR,∗ka

3∑
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3∑
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2

3∑
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3∑
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ZR,∗jb ZR,∗lb
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1

3∑
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ZR,∗ia ZR,∗ja

3∑
b=1

ZR,∗kb Z
R,∗
lb + g2

2

3∑
a=1
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3∑
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+ 2
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ZR,∗lb

3∑
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3∑
d=1

ZR,∗kd

3∑
c=1

Y ∗ν,cdZ
R,∗
i3+c

+ 2

3∑
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3∑
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3∑
b=1

ZR,∗k3+b

3∑
a=1

ZR,∗l6+aλN,ba

3∑
d=1

ZR,∗i3+d

3∑
c=1

ZR,∗j6+cλ
∗
N,dc

+ 2

3∑
b=1

ZR,∗l3+b

3∑
a=1

ZR,∗i6+aλN,ba

3∑
d=1

ZR,∗k3+d

3∑
c=1

ZR,∗j6+cλ
∗
N,dc

+ 2

3∑
b=1

ZR,∗i3+b

3∑
a=1

ZR,∗l6+aλN,ba

3∑
d=1

ZR,∗k3+d

3∑
c=1

ZR,∗j6+cλ
∗
N,dc

+ 2

3∑
b=1

ZR,∗k3+b

3∑
a=1

ZR,∗i6+aλN,ba

3∑
d=1

ZR,∗l3+d

3∑
c=1

ZR,∗j6+cλ
∗
N,dc

+ 2

3∑
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9.8 Two Scalar-Two Vector Boson-Interaction
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ũiα

γν
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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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(
pη

Z

µ

)
(547)

9.11 Two Ghosts-One Scalar-Interaction

η̄−

η−

A0
k

1

4
g2

2ξW−

(
vdZ

A
k1 − vuZAk2

)
(548)

η̄+

η+

A0
k

1

4
g2

2ξW−

(
− vdZAk1 + vuZ

A
k2

)
(549)
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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

)
(550)

η̄−

ηγ

H−k

i

4
g2ξW−

(
g1 cos ΘW + g2 sin ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(551)

η̄+

ηγ

H+
k

i

4
g2ξW−

(
g1 cos ΘW + g2 sin ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(552)

206



η̄−

η−

hk

− i

4
g2

2ξW−

(
vdZ

H
k1 + vuZ

H
k2

)
(553)

η̄Z

η−

H+
k

− i

4
g2ξZ

(
g1 sin ΘW + g2 cos ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(554)

η̄+

η+

hk

− i

4
g2

2ξW−

(
vdZ

H
k1 + vuZ

H
k2

)
(555)
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η̄Z

η+

H−k

− i

4
g2ξZ

(
g1 sin ΘW + g2 cos ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(556)

η̄Z

ηZ

hk

− i

4
ξZ

(
g1 sin ΘW + g2 cos ΘW

)2(
vdZ

H
k1 + vuZ

H
k2

)
(557)

η̄−

ηZ

H−k

i

4
g2ξW−

(
− g1 sin ΘW + g2 cos ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(558)
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η̄+

ηZ

H+
k

i

4
g2ξW−

(
− g1 sin ΘW + g2 cos ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(559)

10 Clebsch-Gordan Coefficients
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