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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
Û Ũ U U(1) gp additional

1.2 Chiral Superfields

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

q̂ q̃ q 3 ( 1
6 ,2,3, Qq)

l̂ l̃ l 3 (− 1
2 ,2,1, Ql)

Ĥd Hd H̃d 1 (− 1
2 ,2,1, QHd)

Ĥu Hu H̃u 1 ( 1
2 ,2,1, QHu)

d̂ d̃∗R d∗R 3 ( 1
3 ,1,3, Qd)

û ũ∗R u∗R 3 (− 2
3 ,1,3, Qu)

ê ẽ∗R e∗R 3 (1,1,1, Qe)

ŝ S S̃ 1 (0,1,1, Qs)

ŝ1 S1 s̃1 1 (0,1,1, Q1)

ŝ2 S2 s̃2 1 (0,1,1, Q2)

ŝ3 S3 s̃3 1 (0,1,1, Q3)

2 Superpotential and Lagrangian

2.1 Superpotential

W = − Yd d̂ q̂ Ĥd − Ye ê l̂ Ĥd + λ Ĥu Ĥd ŝ +
1

3
κ ŝ1 ŝ2 ŝ3 + Yu û q̂ Ĥu (1)

2.2 Softbreaking terms

−LSB,W = +
1

3
S1S2S3Tκ −H0

dH
0
uSTλ +H−d H

+
u STλ +H0

d d̃
∗
R,iαδαβ d̃L,jβTd,ij

−H−d d̃
∗
R,iαδαβ ũL,jβTd,ij +H0

d ẽ
∗
R,iẽL,jTe,ij −H−d ẽ

∗
R,iν̃L,jTe,ij −H+

u ũ
∗
R,iαδαβ d̃L,jβTu,ij

+H0
uũ
∗
R,iαδαβ ũL,jβTu,ij + h.c. (2)

−LSB,φ = +m2
Hd
|H0

d |2 +m2
Hd
|H−d |

2 +m2
Hu |H

0
u|2 +m2

Hu |H
+
u |2 +m2

s1 |S1|2 +m2
s2 |S2|2 +m2

s3 |S3|2
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+m2
S |S|2 + d̃∗L,iαδαβm

2
q,ij d̃L,jβ + d̃∗R,iαδαβm

2
d,ij d̃R,jβ + ẽ∗L,im

2
l,ij ẽL,j + ẽ∗R,im

2
e,ij ẽR,j

+ ũ∗L,iαδαβm
2
q,ij ũL,jβ + ũ∗R,iαδαβm

2
u,ij ũR,jβ + ν̃∗L,im

2
l,ij ν̃L,j (3)

−LSB,λ =
1

2

(
λ2
B̃
M1δij +M2δijλW̃ ,iλW̃ ,j +M3δijλg̃,αλg̃,β + Ũ2MUδij + 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
|∂µU |2ξ−1

U −
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
|+ ∂µZ

+
1

2
ξZ

(
g2

(
σdvd − σuvu

)
cos ΘW cos Θ′W + g1

(
σdvd − σuvu

)
cos Θ′W sin ΘW

+ 2gp

(
Q1σ1v1 +Q2σ2v2 +Q3σ3v3 +QHdσdvd +QHuσuvu +Qsσsvs

)
sin Θ′W

)
|2ξ−1

Z

− 1

2
|+ ∂µZ

′

+
1

2
ξZ′
(

2gp

(
Q1σ1v1 +Q2σ2v2 +Q3σ3v3 +QHdσdvd +QHuσuvu +Qsσsvs

)
cos Θ′W

−
(
σdvd − σuvu

)(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
|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 + 60g2
pQ

2
q + 80g2

3 + g2
1

)
1 + Y †d Yd + Y †uYu (7)

γ
(2)
q̂ = +

1

900

(
199g4

1 + 10g2
1

(
4
(

3g2
pQq

(
10Qq − 18Qu − 3QHd + 3QHu + 9Qd + 9Qe − 9Ql

)
+ 4g2

3

)
+ 9g2

2

)
+ 25

(
135g4

2 + 72g2
2

(
3g2
pQ

2
q + 4g2

3

)
+ 8
(
− 4g4

3 + 48g2
3g

2
pQ

2
q
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+ 9g4
pQ

2
q

(
20Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

e + 6Q2
l + 9Q2

d + 9Q2
u +Q2

s +Q2
1 +Q2

2 +Q2
3

))))
1

+
4

5
g2

1Y
†
uYu + 2g2

pQ
2
HuY

†
uYu − 2g2

pQ
2
qY
†
uYu + 2g2

pQ
2
uY
†
uYu

− |λ|2Y †uYu − 2Y †d YdY
†
d Yd − 2Y †uYuY

†
uYu

+ Y †d Yd

(
2g2
pQ

2
d + 2g2

pQ
2
Hd
− 2g2

pQ
2
q − 3Tr

(
YdY

†
d

)
+

2

5
g2

1 − |λ|2 − Tr
(
YeY

†
e

))
− 3Y †uYuTr

(
YuY

†
u

)
(8)

γ
(1)

l̂
= − 1

10

(
15g2

2 + 20g2
pQ

2
l + 3g2

1

)
1 + Y †e Ye (9)

γ
(2)

l̂
= +

1

100

(
207g4

1 + 30g2
1

(
3g2

2 + 4g2
pQl

(
− 3Qd − 3Qe − 3Qq + 4Ql + 6Qu −QHu +QHd

))
+ 25

(
15g4

2 + 24g2
2g

2
pQ

2
l

+ 8g4
pQ

2
l

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

e + 8Q2
l + 9Q2

d + 9Q2
u +Q2

s +Q2
1 +Q2

2 +Q2
3

)))
1

− 2Y †e YeY
†
e Ye

+ Y †e Ye

(
2g2
pQ

2
e + 2g2

pQ
2
Hd
− 2g2

pQ
2
l − 3Tr

(
YdY

†
d

)
+

6

5
g2

1 − |λ|2 − Tr
(
YeY

†
e

))
(10)

γ
(1)

Ĥd
= −2g2

pQ
2
Hd

+ 3Tr
(
YdY

†
d

)
− 3

10
g2

1 −
3

2
g2

2 + |λ|2 + Tr
(
YeY

†
e

)
(11)

γ
(2)

Ĥd
= +

207

100
g4

1 +
9

10
g2

1g
2
2 +

15

4
g4

2 −
18

5
g2

1g
2
pQdQHd −

18

5
g2

1g
2
pQeQHd +

12

5
g2

1g
2
pQ

2
Hd

+ 6g2
2g

2
pQ

2
Hd

+ 18g4
pQ

2
dQ

2
Hd

+ 6g4
pQ

2
eQ

2
Hd

+ 8g4
pQ

4
Hd
− 6

5
g2

1g
2
pQHdQHu

+ 4g4
pQ

2
Hd
Q2
Hu +

18

5
g2

1g
2
pQHdQl + 12g4

pQ
2
Hd
Q2
l −

18

5
g2

1g
2
pQHdQq + 36g4

pQ
2
Hd
Q2
q

+ 2g4
pQ

2
Hd
Q2
s + 2g4

pQ
2
Hd
Q2

1 + 2g4
pQ

2
Hd
Q2

2 + 2g4
pQ

2
Hd
Q2

3 +
36

5
g2

1g
2
pQHdQu

+ 18g4
pQ

2
Hd
Q2
u − 3λ2λ∗,2 − 2

5

(
− 5
(

3g2
p

(
−Q2

Hd
+Q2

d +Q2
q

)
+ 8g2

3

)
+ g2

1

)
Tr
(
YdY

†
d

)
+

6

5
g2

1Tr
(
YeY

†
e

)
+ 2g2

pQ
2
eTr
(
YeY

†
e

)
− 2g2

pQ
2
Hd

Tr
(
YeY

†
e

)
+ 2g2

pQ
2
lTr
(
YeY

†
e

)
+ |λ|2

(
2g2
p

(
−Q2

Hd
+Q2

Hu +Q2
s

)
− 3Tr

(
YuY

†
u

))
− 9Tr

(
YdY

†
d YdY

†
d

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 3Tr

(
YeY

†
e YeY

†
e

)
(12)

γ
(1)

Ĥu
= −2g2

pQ
2
Hu + 3Tr

(
YuY

†
u

)
− 3

10
g2

1 −
3

2
g2

2 + |λ|2 (13)

γ
(2)

Ĥu
= +

207

100
g4

1 +
9

10
g2

1g
2
2 +

15

4
g4

2 +
18

5
g2

1g
2
pQdQHu +

18

5
g2

1g
2
pQeQHu −

6

5
g2

1g
2
pQHdQHu

+
12

5
g2

1g
2
pQ

2
Hu + 6g2

2g
2
pQ

2
Hu + 18g4

pQ
2
dQ

2
Hu + 6g4

pQ
2
eQ

2
Hu + 4g4

pQ
2
Hd
Q2
Hu

+ 8g4
pQ

4
Hu −

18

5
g2

1g
2
pQHuQl + 12g4

pQ
2
HuQ

2
l +

18

5
g2

1g
2
pQHuQq + 36g4

pQ
2
HuQ

2
q
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+ 2g4
pQ

2
HuQ

2
s + 2g4

pQ
2
HuQ

2
1 + 2g4

pQ
2
HuQ

2
2 + 2g4

pQ
2
HuQ

2
3 −

36

5
g2

1g
2
pQHuQu

+ 18g4
pQ

2
HuQ

2
u − 3λ2λ∗,2 + |λ|2

(
2g2
p

(
−Q2

Hu +Q2
Hd

+Q2
s

)
− 3Tr

(
YdY

†
d

)
− Tr

(
YeY

†
e

))
+

2

5

(
2g2

1 + 5
(

3g2
p

(
−Q2

Hu +Q2
q +Q2

u

)
+ 8g2

3

))
Tr
(
YuY

†
u

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 9Tr

(
YuY

†
uYuY

†
u

)
(14)

γ
(1)

d̂
= 2Y ∗d Y

T
d −

2

15

(
15g2

pQ
2
d + 20g2

3 + g2
1

)
1 (15)

γ
(2)

d̂
= +

2

225

(
101g4

1 + 10g2
1

(
3g2
pQd

(
11Qd − 18Qu − 3QHd + 3QHu + 9Qe − 9Ql + 9Qq

)
+ 8g2

3

)
− 25

(
4g4

3 − 48g2
3g

2
pQ

2
d

− 9g4
pQ

2
d

(
11Q2

d + 18Q2
q + 2Q2

Hd
+ 2Q2

Hu + 3Q2
e + 6Q2

l + 9Q2
u +Q2

s +Q2
1 +Q2

2 +Q2
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

)
− 4g2

pQ
2
d + 4g2

pQ
2
Hd

+ 4g2
pQ

2
q + 6g2

2 − 6Tr
(
YdY

†
d

)
+

2

5
g2

1

)
(16)

γ
(1)
û = 2Y ∗u Y

T
u −

2

15

(
15g2

pQ
2
u + 20g2

3 + 4g2
1

)
1 (17)

γ
(2)
û = +

2

225

(
428g4

1 + 20g2
1

(
16g2

3 − 3g2
p

(
− 22Qu − 3QHd + 3QHu + 9Qd + 9Qe − 9Ql + 9Qq

)
Qu

)
− 25

(
4g4

3 − 48g2
3g

2
pQ

2
u

− 9g4
pQ

2
u

(
11Q2

u + 18Q2
q + 2Q2

Hd
+ 2Q2

Hu + 3Q2
e + 6Q2

l + 9Q2
d +Q2

s +Q2
1 +Q2

2 +Q2
3

)))
1

− 2
(
Y ∗u Y

T
d Y

∗
d Y

T
u + Y ∗u Y

T
u Y

∗
u Y

T
u

)
+ Y ∗u Y

T
u

(
− 2|λ|2 + 4g2

pQ
2
Hu + 4g2

pQ
2
q − 4g2

pQ
2
u + 6g2

2 − 6Tr
(
YuY

†
u

)
− 2

5
g2

1

)
(18)

γ
(1)
ê = 2Y ∗e Y

T
e −

2

5

(
3g2

1 + 5g2
pQ

2
e

)
1 (19)

γ
(2)
ê = +

2

25

(
117g4

1 + 30g2
1g

2
pQe

(
3Qd − 3Ql + 3Qq + 5Qe − 6Qu −QHd +QHu

)
+ 25g4

pQ
2
e

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 5Q2

e + 6Q2
l + 9Q2

d + 9Q2
u +Q2

s +Q2
1 +Q2

2 +Q2
3

))
1

− 2Y ∗e Y
T
e Y

∗
e Y

T
e

+ Y ∗e Y
T
e

(
− 2|λ|2 − 2Tr

(
YeY

†
e

)
− 4g2

pQ
2
e + 4g2

pQ
2
Hd

+ 4g2
pQ

2
l + 6g2

2 − 6Tr
(
YdY

†
d

)
− 6

5
g2

1

)
(20)

γ
(1)
ŝ = −2g2

pQ
2
s + 2|λ|2 (21)

γ
(2)
ŝ = +2g4

pQ
2
s

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

e + 3Q2
s + 6Q2

l + 9Q2
d + 9Q2

u +Q2
1 +Q2

2 +Q2
3

)
− 4λ2λ∗,2

+ λ∗
(6

5
g2

1λ+ 6g2
2λ+ 4g2

pQ
2
Hd
λ+ 4g2

pQ
2
Huλ− 4g2

pQ
2
sλ− 6λTr

(
YdY

†
d

)
− 2λTr

(
YeY

†
e

)
− 6λTr

(
YuY

†
u

))
(22)
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γ
(1)
ŝ1

= −2g2
pQ

2
1 +

1

9
|κ|2 (23)

γ
(2)
ŝ1

= +2g4
pQ

2
1

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

1 + 3Q2
e + 6Q2

l + 9Q2
d + 9Q2

u +Q2
s +Q2

2 +Q2
3

)
− 2

9
g2
p

(
−Q2

2 −Q2
3 +Q2

1

)
|κ|2 − 2

81
κ2κ∗,2 (24)

γ
(1)
ŝ2

= −2g2
pQ

2
2 +

1

9
|κ|2 (25)

γ
(2)
ŝ2

= +2g4
pQ

2
2

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

2 + 3Q2
e + 6Q2

l + 9Q2
d + 9Q2

u +Q2
s +Q2

1 +Q2
3

)
+

2

9
g2
p

(
−Q2

2 +Q2
1 +Q2

3

)
|κ|2 − 2

81
κ2κ∗,2 (26)

γ
(1)
ŝ3

= −2g2
pQ

2
3 +

1

9
|κ|2 (27)

γ
(2)
ŝ3

= +2g4
pQ

2
3

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

3 + 3Q2
e + 6Q2

l + 9Q2
d + 9Q2

u +Q2
s +Q2

1 +Q2
2

)
+

2

9
g2
p

(
−Q2

3 +Q2
1 +Q2

2

)
|κ|2 − 2

81
κ2κ∗,2 (28)

3.2 Gauge Couplings

β(1)
g1 =

33

5
g3

1 (29)

β(2)
g1 =

1

25
g3

1

(
199g2

1 + 135g2
2 + 440g2

3 + 60g2
pQ

2
d + 180g2

pQ
2
e + 30g2

pQ
2
Hd

+ 30g2
pQ

2
Hu + 90g2

pQ
2
l

+ 30g2
pQ

2
q + 240g2

pQ
2
u − 30|λ|2 − 70Tr

(
YdY

†
d

)
− 90Tr

(
YeY

†
e

)
− 130Tr

(
YuY

†
u

))
(30)

β(1)
g2 = g3

2 (31)

β(2)
g2 =

1

5
g3

2

(
9g2

1 + 125g2
2 + 120g2

3 + 10g2
pQ

2
Hd

+ 10g2
pQ

2
Hu + 30g2

pQ
2
l + 90g2

pQ
2
q − 10|λ|2

− 30Tr
(
YdY

†
d

)
− 10Tr

(
YeY

†
e

)
− 30Tr

(
YuY

†
u

))
(32)

β(1)
g3 = −3g3

3 (33)

β(2)
g3 =

1

5
g3

3

(
11g2

1 − 20Tr
(
YdY

†
d

)
− 20Tr

(
YuY

†
u

)
+ 30g2

pQ
2
d + 30g2

pQ
2
u + 45g2

2 + 60g2
pQ

2
q + 70g2

3

)
(34)

β(1)
gp = g3

p

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

e + 6Q2
l + 9Q2

d + 9Q2
u +Q2

s +Q2
1 +Q2

2 +Q2
3

)
(35)

β(2)
gp =

2

45
g3
p

(
− 5
(
Q2

1 +Q2
2 +Q2

3

)
|κ|2

+ 9
(

6g2
1Q

2
d + 120g2

3Q
2
d + 90g2

pQ
4
d + 18g2

1Q
2
e + 30g2

pQ
4
e + 3g2

1Q
2
Hd

+ 15g2
2Q

2
Hd

+ 20g2
pQ

4
Hd

+ 3g2
1Q

2
Hu + 15g2

2Q
2
Hu + 20g2

pQ
4
Hu + 9g2

1Q
2
l + 45g2

2Q
2
l + 60g2

pQ
4
l

+ 3g2
1Q

2
q + 135g2

2Q
2
q + 240g2

3Q
2
q + 180g2

pQ
4
q + 10g2

pQ
4
s + 10g2

pQ
4
1 + 10g2

pQ
4
2

+ 10g2
pQ

4
3 + 24g2

1Q
2
u + 120g2

3Q
2
u + 90g2

pQ
4
u − 10

(
Q2
Hd

+Q2
Hu +Q2

s

)
|λ|2
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− 30
(
Q2
d +Q2

Hd
+Q2

q

)
Tr
(
YdY

†
d

)
− 10Q2

eTr
(
YeY

†
e

)
− 10Q2

Hd
Tr
(
YeY

†
e

)
− 10Q2

lTr
(
YeY

†
e

)
− 30Q2

HuTr
(
YuY

†
u

)
− 30Q2

qTr
(
YuY

†
u

)
− 30Q2

uTr
(
YuY

†
u

)))
(36)

3.3 Gaugino Mass Parameters

β
(1)
M1

=
66

5
g2

1M1 (37)

β
(2)
M1

=
2

25
g2

1

(
398g2

1M1 + 135g2
2M1 + 440g2

3M1 + 440g2
3M3 + 135g2

2M2 + 60g2
pM1Q

2
d + 60g2

pMUQ
2
d

+ 180g2
pM1Q

2
e + 180g2

pMUQ
2
e + 30g2

pM1Q
2
Hd

+ 30g2
pMUQ

2
Hd

+ 30g2
pM1Q

2
Hu + 30g2

pMUQ
2
Hu

+ 90g2
pM1Q

2
l + 90g2

pMUQ
2
l + 30g2

pM1Q
2
q + 30g2

pMUQ
2
q + 240g2

pM1Q
2
u + 240g2

pMUQ
2
u

− 30λ∗
(
M1λ− Tλ

)
− 70M1Tr

(
YdY

†
d

)
− 90M1Tr

(
YeY

†
e

)
− 130M1Tr

(
YuY

†
u

)
+ 70Tr

(
Y †d Td

)
+ 90Tr

(
Y †e Te

)
+ 130Tr

(
Y †uTu

))
(38)

β
(1)
M2

= 2g2
2M2 (39)

β
(2)
M2

=
2

5
g2

2

(
9g2

1M1 + 120g2
3M3 + 9g2

1M2 + 250g2
2M2 + 120g2

3M2 + 10g2
pMUQ

2
Hd

+ 10g2
pM2Q

2
Hd

+ 10g2
pMUQ

2
Hu + 10g2

pM2Q
2
Hu + 30g2

pMUQ
2
l + 30g2

pM2Q
2
l + 90g2

pMUQ
2
q + 90g2

pM2Q
2
q

− 10λ∗
(
M2λ− Tλ

)
− 30M2Tr

(
YdY

†
d

)
− 10M2Tr

(
YeY

†
e

)
− 30M2Tr

(
YuY

†
u

)
+ 30Tr

(
Y †d Td

)
+ 10Tr

(
Y †e Te

)
+ 30Tr

(
Y †uTu

))
(40)

β
(1)
M3

= −6g2
3M3 (41)

β
(2)
M3

=
2

5
g2

3

(
11g2

1M1 + 11g2
1M3 + 45g2

2M3 + 140g2
3M3 + 45g2

2M2 + 30g2
pM3Q

2
d + 30g2

pMUQ
2
d

+ 60g2
pM3Q

2
q + 60g2

pMUQ
2
q + 30g2

pM3Q
2
u + 30g2

pMUQ
2
u − 20M3Tr

(
YdY

†
d

)
− 20M3Tr

(
YuY

†
u

)
+ 20Tr

(
Y †d Td

)
+ 20Tr

(
Y †uTu

))
(42)

β
(1)
MU

= 2g2
pMU

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

e + 6Q2
l + 9Q2

d + 9Q2
u +Q2

s +Q2
1 +Q2

2 +Q2
3

)
(43)

β
(2)
MU

=
4

45
g2
p

(
− 5
(
Q2

1 +Q2
2 +Q2

3

)
κ∗
(
MUκ− Tκ

)
+ 9
(

6g2
1M1Q

2
d + 120g2

3M3Q
2
d + 6g2

1MUQ
2
d + 120g2

3MUQ
2
d + 180g2

pMUQ
4
d + 18g2

1M1Q
2
e

+ 18g2
1MUQ

2
e + 60g2

pMUQ
4
e + 3g2

1M1Q
2
Hd

+ 3g2
1MUQ

2
Hd

+ 15g2
2MUQ

2
Hd

+ 15g2
2M2Q

2
Hd

+ 40g2
pMUQ

4
Hd

+ 3g2
1M1Q

2
Hu + 3g2

1MUQ
2
Hu + 15g2

2MUQ
2
Hu + 15g2

2M2Q
2
Hu + 40g2

pMUQ
4
Hu

+ 9g2
1M1Q

2
l + 9g2

1MUQ
2
l + 45g2

2MUQ
2
l + 45g2

2M2Q
2
l + 120g2

pMUQ
4
l + 3g2

1M1Q
2
q

+ 240g2
3M3Q

2
q + 3g2

1MUQ
2
q + 135g2

2MUQ
2
q + 240g2

3MUQ
2
q + 135g2

2M2Q
2
q + 360g2

pMUQ
4
q
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+ 20g2
pMUQ

4
s + 20g2

pMUQ
4
1 + 20g2

pMUQ
4
2 + 20g2

pMUQ
4
3 + 24g2

1M1Q
2
u + 120g2

3M3Q
2
u

+ 24g2
1MUQ

2
u + 120g2

3MUQ
2
u + 180g2

pMUQ
4
u − 10

(
Q2
Hd

+Q2
Hu +Q2

s

)
λ∗
(
MUλ− Tλ

)
− 30MU

(
Q2
d +Q2

Hd
+Q2

q

)
Tr
(
YdY

†
d

)
− 10MUQ

2
eTr
(
YeY

†
e

)
− 10MUQ

2
Hd

Tr
(
YeY

†
e

)
− 10MUQ

2
lTr
(
YeY

†
e

)
− 30MUQ

2
HuTr

(
YuY

†
u

)
− 30MUQ

2
qTr
(
YuY

†
u

)
− 30MUQ

2
uTr
(
YuY

†
u

)
+ 30Q2

dTr
(
Y †d Td

)
+ 30Q2

Hd
Tr
(
Y †d Td

)
+ 30Q2

qTr
(
Y †d Td

)
+ 10Q2

eTr
(
Y †e Te

)
+ 10Q2

Hd
Tr
(
Y †e Te

)
+ 10Q2

lTr
(
Y †e Te

)
+ 30Q2

HuTr
(
Y †uTu

)
+ 30Q2

qTr
(
Y †uTu

)
+ 30Q2

uTr
(
Y †uTu

)))
(44)

3.4 Trilinear Superpotential Parameters

β
(1)
Yd

= +3YdY
†
d Yd + YdY

†
uYu

+ Yd

(
− 2g2

pQ
2
d − 2g2

pQ
2
Hd
− 2g2

pQ
2
q − 3g2

2 + 3Tr
(
YdY

†
d

)
− 16

3
g2

3 −
7

15
g2

1 + |λ|2 + Tr
(
YeY

†
e

))
(45)

β
(2)
Yd

= +
4

5
g2

1YdY
†
uYu + 2g2

pQ
2
HuYdY

†
uYu − 2g2

pQ
2
qYdY

†
uYu

+ 2g2
pQ

2
uYdY

†
uYu − |λ|2YdY †uYu − 4YdY

†
d YdY

†
d Yd − 2YdY

†
uYuY

†
d Yd

− 2YdY
†
uYuY

†
uYu

+ YdY
†
d Yd

(
− 2g2

pQ
2
d + 2g2

pQ
2
q − 3|λ|2 − 3Tr

(
YeY

†
e

)
+ 6g2

2 + 6g2
pQ

2
Hd
− 9Tr

(
YdY

†
d

)
+

4

5
g2

1

)
− 3YdY

†
uYuTr

(
YuY

†
u

)
+ Yd

(287

90
g4

1 + g2
1g

2
2 +

15

2
g4

2 +
8

9
g2

1g
2
3 + 8g2

2g
2
3 −

16

9
g4

3 +
44

15
g2

1g
2
pQ

2
d +

32

3
g2

3g
2
pQ

2
d

+ 22g4
pQ

4
d +

12

5
g2

1g
2
pQdQe + 6g4

pQ
2
dQ

2
e −

22

5
g2

1g
2
pQdQHd −

18

5
g2

1g
2
pQeQHd

+
12

5
g2

1g
2
pQ

2
Hd

+ 6g2
2g

2
pQ

2
Hd

+ 22g4
pQ

2
dQ

2
Hd

+ 6g4
pQ

2
eQ

2
Hd

+ 8g4
pQ

4
Hd

+
4

5
g2

1g
2
pQdQHu −

6

5
g2

1g
2
pQHdQHu + 4g4

pQ
2
dQ

2
Hu + 4g4

pQ
2
Hd
Q2
Hu −

12

5
g2

1g
2
pQdQl

+
18

5
g2

1g
2
pQHdQl + 12g4

pQ
2
dQ

2
l + 12g4

pQ
2
Hd
Q2
l +

18

5
g2

1g
2
pQdQq +

6

5
g2

1g
2
pQeQq

− 4g2
1g

2
pQHdQq +

2

5
g2

1g
2
pQHuQq −

6

5
g2

1g
2
pQlQq +

4

3
g2

1g
2
pQ

2
q + 6g2

2g
2
pQ

2
q

+
32

3
g2

3g
2
pQ

2
q + 54g4

pQ
2
dQ

2
q + 6g4

pQ
2
eQ

2
q + 40g4

pQ
2
Hd
Q2
q + 4g4

pQ
2
HuQ

2
q

+ 12g4
pQ

2
lQ

2
q + 40g4

pQ
4
q + 2g4

pQ
2
dQ

2
s + 2g4

pQ
2
Hd
Q2
s + 2g4

pQ
2
qQ

2
s + 2g4

pQ
2
dQ

2
1

+ 2g4
pQ

2
Hd
Q2

1 + 2g4
pQ

2
qQ

2
1 + 2g4

pQ
2
dQ

2
2 + 2g4

pQ
2
Hd
Q2

2 + 2g4
pQ

2
qQ

2
2
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+ 2g4
pQ

2
dQ

2
3 + 2g4

pQ
2
Hd
Q2

3 + 2g4
pQ

2
qQ

2
3 −

24

5
g2

1g
2
pQdQu +

36

5
g2

1g
2
pQHdQu

− 12

5
g2

1g
2
pQqQu + 18g4

pQ
2
dQ

2
u + 18g4

pQ
2
Hd
Q2
u + 18g4

pQ
2
qQ

2
u − 3λ2λ∗,2

− 2

5

(
− 5
(

3g2
p

(
−Q2

Hd
+Q2

d +Q2
q

)
+ 8g2

3

)
+ g2

1

)
Tr
(
YdY

†
d

)
+

6

5
g2

1Tr
(
YeY

†
e

)
+ 2g2

pQ
2
eTr
(
YeY

†
e

)
− 2g2

pQ
2
Hd

Tr
(
YeY

†
e

)
+ 2g2

pQ
2
lTr
(
YeY

†
e

)
+ |λ|2

(
2g2
p

(
−Q2

Hd
+Q2

Hu +Q2
s

)
− 3Tr

(
YuY

†
u

))
− 9Tr

(
YdY

†
d YdY

†
d

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 3Tr

(
YeY

†
e YeY

†
e

))
(46)

β
(1)
Ye

= +3YeY
†
e Ye

+ Ye

(
− 2g2

pQ
2
e − 2g2

pQ
2
Hd
− 2g2

pQ
2
l − 3g2

2 + 3Tr
(
YdY

†
d

)
− 9

5
g2

1 + |λ|2 + Tr
(
YeY

†
e

))
(47)

β
(2)
Ye

= −4YeY
†
e YeY

†
e Ye

+ YeY
†
e Ye

(
− 2g2

pQ
2
e + 2g2

pQ
2
l − 3|λ|2 − 3Tr

(
YeY

†
e

)
+ 6g2

2 + 6g2
pQ

2
Hd
− 9Tr

(
YdY

†
d

))
+

1

10
Ye

(
135g4

1 + 18g2
1g

2
2 + 75g4

2 + 72g2
1g

2
pQdQe + 120g2

1g
2
pQ

2
e + 180g4

pQ
2
dQ

2
e + 100g4

pQ
4
e

− 36g2
1g

2
pQdQHd − 60g2

1g
2
pQeQHd + 24g2

1g
2
pQ

2
Hd

+ 60g2
2g

2
pQ

2
Hd

+ 180g4
pQ

2
dQ

2
Hd

+ 100g4
pQ

2
eQ

2
Hd

+ 80g4
pQ

4
Hd

+ 24g2
1g

2
pQeQHu − 12g2

1g
2
pQHdQHu + 40g4

pQ
2
eQ

2
Hu

+ 40g4
pQ

2
Hd
Q2
Hu − 36g2

1g
2
pQdQl − 108g2

1g
2
pQeQl + 48g2

1g
2
pQHdQl

− 12g2
1g

2
pQHuQl + 48g2

1g
2
pQ

2
l + 60g2

2g
2
pQ

2
l + 180g4

pQ
2
dQ

2
l + 180g4

pQ
2
eQ

2
l

+ 160g4
pQ

2
Hd
Q2
l + 40g4

pQ
2
HuQ

2
l + 160g4

pQ
4
l + 72g2

1g
2
pQeQq − 36g2

1g
2
pQHdQq

− 36g2
1g

2
pQlQq + 360g4

pQ
2
eQ

2
q + 360g4

pQ
2
Hd
Q2
q + 360g4

pQ
2
lQ

2
q + 20g4

pQ
2
eQ

2
s

+ 20g4
pQ

2
Hd
Q2
s + 20g4

pQ
2
lQ

2
s + 20g4

pQ
2
eQ

2
1 + 20g4

pQ
2
Hd
Q2

1 + 20g4
pQ

2
lQ

2
1

+ 20g4
pQ

2
eQ

2
2 + 20g4

pQ
2
Hd
Q2

2 + 20g4
pQ

2
lQ

2
2 + 20g4

pQ
2
eQ

2
3 + 20g4

pQ
2
Hd
Q2

3

+ 20g4
pQ

2
lQ

2
3 − 144g2

1g
2
pQeQu + 72g2

1g
2
pQHdQu + 72g2

1g
2
pQlQu + 180g4

pQ
2
eQ

2
u

+ 180g4
pQ

2
Hd
Q2
u + 180g4

pQ
2
lQ

2
u − 30λ2λ∗,2

− 4
(
− 5
(

3g2
p

(
−Q2

Hd
+Q2

d +Q2
q

)
+ 8g2

3

)
+ g2

1

)
Tr
(
YdY

†
d

)
+ 12g2

1Tr
(
YeY

†
e

)
+ 20g2

pQ
2
eTr
(
YeY

†
e

)
− 20g2

pQ
2
Hd

Tr
(
YeY

†
e

)
+ 20g2

pQ
2
lTr
(
YeY

†
e

)
− 10|λ|2

(
2g2
p

(
−Q2

Hu −Q
2
s +Q2

Hd

)
+ 3Tr

(
YuY

†
u

))
− 90Tr

(
YdY

†
d YdY

†
d

)
− 30Tr

(
YdY

†
uYuY

†
d

)
− 30Tr

(
YeY

†
e YeY

†
e

))
(48)

β
(1)
λ = −3

5
g2

1λ− 3g2
2λ− 2g2

pQ
2
Hd
λ− 2g2

pQ
2
Huλ− 2g2

pQ
2
sλ+ 4λ2λ∗ + 3λTr

(
YdY

†
d

)
+ λTr

(
YeY

†
e

)
+ 3λTr

(
YuY

†
u

)
(49)

β
(2)
λ =

1

50
λ
(

207g4
1 + 90g2

1g
2
2 + 375g4

2 − 180g2
1g

2
pQdQHd − 180g2

1g
2
pQeQHd + 120g2

1g
2
pQ

2
Hd
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+ 300g2
2g

2
pQ

2
Hd

+ 900g4
pQ

2
dQ

2
Hd

+ 300g4
pQ

2
eQ

2
Hd

+ 400g4
pQ

4
Hd

+ 180g2
1g

2
pQdQHu

+ 180g2
1g

2
pQeQHu − 120g2

1g
2
pQHdQHu + 120g2

1g
2
pQ

2
Hu + 300g2

2g
2
pQ

2
Hu

+ 900g4
pQ

2
dQ

2
Hu + 300g4

pQ
2
eQ

2
Hu + 400g4

pQ
2
Hd
Q2
Hu + 400g4

pQ
4
Hu + 180g2

1g
2
pQHdQl

− 180g2
1g

2
pQHuQl + 600g4

pQ
2
Hd
Q2
l + 600g4

pQ
2
HuQ

2
l − 180g2

1g
2
pQHdQq

+ 180g2
1g

2
pQHuQq + 1800g4

pQ
2
Hd
Q2
q + 1800g4

pQ
2
HuQ

2
q + 900g4

pQ
2
dQ

2
s + 300g4

pQ
2
eQ

2
s

+ 300g4
pQ

2
Hd
Q2
s + 300g4

pQ
2
HuQ

2
s + 600g4

pQ
2
lQ

2
s + 1800g4

pQ
2
qQ

2
s + 300g4

pQ
4
s

+ 100g4
pQ

2
Hd
Q2

1 + 100g4
pQ

2
HuQ

2
1 + 100g4

pQ
2
sQ

2
1 + 100g4

pQ
2
Hd
Q2

2 + 100g4
pQ

2
HuQ

2
2

+ 100g4
pQ

2
sQ

2
2 + 100g4

pQ
2
Hd
Q2

3 + 100g4
pQ

2
HuQ

2
3 + 100g4

pQ
2
sQ

2
3 + 360g2

1g
2
pQHdQu

− 360g2
1g

2
pQHuQu + 900g4

pQ
2
Hd
Q2
u + 900g4

pQ
2
HuQ

2
u + 900g4

pQ
2
sQ

2
u − 500λ2λ∗,2

− 20
(
− 5
(

3g2
p

(
−Q2

Hd
+Q2

d +Q2
q

)
+ 8g2

3

)
+ g2

1

)
Tr
(
YdY

†
d

)
+ 60g2

1Tr
(
YeY

†
e

)
+ 100g2

pQ
2
eTr
(
YeY

†
e

)
− 100g2

pQ
2
Hd

Tr
(
YeY

†
e

)
+ 100g2

pQ
2
lTr
(
YeY

†
e

)
+ 10|λ|2

(
− 15Tr

(
YeY

†
e

)
+ 20g2

pQ
2
Hd

+ 20g2
pQ

2
Hu + 30g2

2 − 45Tr
(
YdY

†
d

)
− 45Tr

(
YuY

†
u

)
+ 6g2

1

)
+ 40g2

1Tr
(
YuY

†
u

)
+ 800g2

3Tr
(
YuY

†
u

)
− 300g2

pQ
2
HuTr

(
YuY

†
u

)
+ 300g2

pQ
2
qTr
(
YuY

†
u

)
+ 300g2

pQ
2
uTr
(
YuY

†
u

)
− 450Tr

(
YdY

†
d YdY

†
d

)
− 300Tr

(
YdY

†
uYuY

†
d

)
− 150Tr

(
YeY

†
e YeY

†
e

)
− 450Tr

(
YuY

†
uYuY

†
u

))
(50)

β(1)
κ =

1

3
κ
(
− 6g2

p

(
Q2

1 +Q2
2 +Q2

3

)
+ |κ|2

)
(51)

β(2)
κ = − 2

27
κ
(
− 27g4

p

(
2Q2

Hd
Q2

1 + 2Q2
HuQ

2
1 + 6Q2

lQ
2
1 + 18Q2

qQ
2
1 +Q2

sQ
2
1 + 3Q4

1 + 2Q2
Hd
Q2

2 + 2Q2
HuQ

2
2

+ 6Q2
lQ

2
2 + 18Q2

qQ
2
2 +Q2

sQ
2
2 + 2Q2

1Q
2
2 + 3Q4

2 + 2Q2
Hd
Q2

3 + 2Q2
HuQ

2
3 + 6Q2

lQ
2
3

+ 18Q2
qQ

2
3 +Q2

sQ
2
3 + 2Q2

1Q
2
3 + 2Q2

2Q
2
3 + 3Q4

3 + 9Q2
d

(
Q2

1 +Q2
2 +Q2

3

)
+ 3Q2

e

(
Q2

1 +Q2
2 +Q2

3

)
+ 9Q2

1Q
2
u + 9Q2

2Q
2
u + 9Q2

3Q
2
u

)
− 3g2

p

(
Q2

1 +Q2
2 +Q2

3

)
|κ|2 + κ2κ∗,2

)
(52)

β
(1)
Yu

= +YuY
†
d Yd + 3YuY

†
uYu

+ Yu

(
− 2g2

pQ
2
Hu − 2g2

pQ
2
q − 2g2

pQ
2
u − 3g2

2 + 3Tr
(
YuY

†
u

)
− 13

15
g2

1 −
16

3
g2

3 + |λ|2
)

(53)

β
(2)
Yu

= +
2

5
g2

1YuY
†
uYu + 6g2

2YuY
†
uYu + 6g2

pQ
2
HuYuY

†
uYu + 2g2

pQ
2
qYuY

†
uYu

− 2g2
pQ

2
uYuY

†
uYu − 3|λ|2YuY †uYu − 2YuY

†
d YdY

†
d Yd − 2YuY

†
d YdY

†
uYu

− 4YuY
†
uYuY

†
uYu

+ YuY
†
d Yd

(
2g2
pQ

2
d + 2g2

pQ
2
Hd
− 2g2

pQ
2
q − 3Tr

(
YdY

†
d

)
+

2

5
g2

1 − |λ|2 − Tr
(
YeY

†
e

))
− 9YuY

†
uYuTr

(
YuY

†
u

)
12



+ 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 +
18

5
g2

1g
2
pQdQHu +

18

5
g2

1g
2
pQeQHu

− 6

5
g2

1g
2
pQHdQHu +

12

5
g2

1g
2
pQ

2
Hu + 6g2

2g
2
pQ

2
Hu + 18g4

pQ
2
dQ

2
Hu + 6g4

pQ
2
eQ

2
Hu

+ 4g4
pQ

2
Hd
Q2
Hu + 8g4

pQ
4
Hu −

18

5
g2

1g
2
pQHuQl + 12g4

pQ
2
HuQ

2
l +

6

5
g2

1g
2
pQdQq

+
6

5
g2

1g
2
pQeQq −

2

5
g2

1g
2
pQHdQq + 4g2

1g
2
pQHuQq −

6

5
g2

1g
2
pQlQq +

4

3
g2

1g
2
pQ

2
q

+ 6g2
2g

2
pQ

2
q +

32

3
g2

3g
2
pQ

2
q + 18g4

pQ
2
dQ

2
q + 6g4

pQ
2
eQ

2
q + 4g4

pQ
2
Hd
Q2
q

+ 40g4
pQ

2
HuQ

2
q + 12g4

pQ
2
lQ

2
q + 40g4

pQ
4
q + 2g4

pQ
2
HuQ

2
s + 2g4

pQ
2
qQ

2
s + 2g4

pQ
2
HuQ

2
1

+ 2g4
pQ

2
qQ

2
1 + 2g4

pQ
2
HuQ

2
2 + 2g4

pQ
2
qQ

2
2 + 2g4

pQ
2
HuQ

2
3 + 2g4

pQ
2
qQ

2
3

− 24

5
g2

1g
2
pQdQu −

24

5
g2

1g
2
pQeQu +

8

5
g2

1g
2
pQHdQu −

44

5
g2

1g
2
pQHuQu +

24

5
g2

1g
2
pQlQu

− 36

5
g2

1g
2
pQqQu +

176

15
g2

1g
2
pQ

2
u +

32

3
g2

3g
2
pQ

2
u + 18g4

pQ
2
dQ

2
u + 6g4

pQ
2
eQ

2
u

+ 4g4
pQ

2
Hd
Q2
u + 22g4

pQ
2
HuQ

2
u + 12g4

pQ
2
lQ

2
u + 54g4

pQ
2
qQ

2
u + 2g4

pQ
2
sQ

2
u

+ 2g4
pQ

2
1Q

2
u + 2g4

pQ
2
2Q

2
u + 2g4

pQ
2
3Q

2
u + 22g4

pQ
4
u − 3λ2λ∗,2

+ |λ|2
(

2g2
p

(
−Q2

Hu +Q2
Hd

+Q2
s

)
− 3Tr

(
YdY

†
d

)
− Tr

(
YeY

†
e

))
+

2

5

(
2g2

1 + 5
(

3g2
p

(
−Q2

Hu +Q2
q +Q2

u

)
+ 8g2

3

))
Tr
(
YuY

†
u

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 9Tr

(
YuY

†
uYuY

†
u

))
(54)

3.5 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

− 2g2
pQ

2
dTd − 2g2

pQ
2
Hd
Td − 2g2

pQ
2
qTd + |λ|2Td + 3TdTr

(
YdY

†
d

)
+ TdTr

(
YeY

†
e

)
+ Yd

(14

15
g2

1M1 +
32

3
g2

3M3 + 6g2
2M2 + 4g2

pMUQ
2
d + 4g2

pMUQ
2
Hd

+ 4g2
pMUQ

2
q + 2λ∗Tλ + 6Tr

(
Y †d Td

)
+ 2Tr

(
Y †e Te

))
(55)

β
(2)
Td

= +
6

5
g2

1YdY
†
d Td + 6g2

2YdY
†
d Td + 8g2

pQ
2
Hd
YdY

†
d Td − 4|λ|2YdY †d Td

− 8

5
g2

1M1YdY
†
uYu − 4g2

pMUQ
2
HuYdY

†
uYu + 4g2

pMUQ
2
qYdY

†
uYu

− 4g2
pMUQ

2
uYdY

†
uYu +

8

5
g2

1YdY
†
uTu + 4g2

pQ
2
HuYdY

†
uTu

− 4g2
pQ

2
qYdY

†
uTu + 4g2

pQ
2
uYdY

†
uTu − 2|λ|2YdY †uTu

+
6

5
g2

1TdY
†
d Yd + 12g2

2TdY
†
d Yd − 6g2

pQ
2
dTdY

†
d Yd

+ 10g2
pQ

2
Hd
TdY

†
d Yd + 6g2

pQ
2
qTdY

†
d Yd − 5|λ|2TdY †d Yd

13



+
4

5
g2

1TdY
†
uYu + 2g2

pQ
2
HuTdY

†
uYu − 2g2

pQ
2
qTdY

†
uYu

+ 2g2
pQ

2
uTdY

†
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 +
44

15
g2

1g
2
pQ

2
dTd +

32

3
g2

3g
2
pQ

2
dTd

+ 22g4
pQ

4
dTd +

12

5
g2

1g
2
pQdQeTd + 6g4

pQ
2
dQ

2
eTd −

22

5
g2

1g
2
pQdQHdTd

− 18

5
g2

1g
2
pQeQHdTd +

12

5
g2

1g
2
pQ

2
Hd
Td + 6g2

2g
2
pQ

2
Hd
Td + 22g4

pQ
2
dQ

2
Hd
Td

+ 6g4
pQ

2
eQ

2
Hd
Td + 8g4

pQ
4
Hd
Td +

4

5
g2

1g
2
pQdQHuTd −

6

5
g2

1g
2
pQHdQHuTd

+ 4g4
pQ

2
dQ

2
HuTd + 4g4

pQ
2
Hd
Q2
HuTd −

12

5
g2

1g
2
pQdQlTd +

18

5
g2

1g
2
pQHdQlTd

+ 12g4
pQ

2
dQ

2
l Td + 12g4

pQ
2
Hd
Q2
l Td +

18

5
g2

1g
2
pQdQqTd +

6

5
g2

1g
2
pQeQqTd

− 4g2
1g

2
pQHdQqTd +

2

5
g2

1g
2
pQHuQqTd −

6

5
g2

1g
2
pQlQqTd +

4

3
g2

1g
2
pQ

2
qTd

+ 6g2
2g

2
pQ

2
qTd +

32

3
g2

3g
2
pQ

2
qTd + 54g4

pQ
2
dQ

2
qTd + 6g4

pQ
2
eQ

2
qTd

+ 40g4
pQ

2
Hd
Q2
qTd + 4g4

pQ
2
HuQ

2
qTd + 12g4

pQ
2
lQ

2
qTd + 40g4

pQ
4
qTd + 2g4

pQ
2
dQ

2
sTd

+ 2g4
pQ

2
Hd
Q2
sTd + 2g4

pQ
2
qQ

2
sTd + 2g4

pQ
2
dQ

2
1Td + 2g4

pQ
2
Hd
Q2

1Td

+ 2g4
pQ

2
qQ

2
1Td + 2g4

pQ
2
dQ

2
2Td + 2g4

pQ
2
Hd
Q2

2Td + 2g4
pQ

2
qQ

2
2Td

+ 2g4
pQ

2
dQ

2
3Td + 2g4

pQ
2
Hd
Q2

3Td + 2g4
pQ

2
qQ

2
3Td −

24

5
g2

1g
2
pQdQuTd

+
36

5
g2

1g
2
pQHdQuTd −

12

5
g2

1g
2
pQqQuTd + 18g4

pQ
2
dQ

2
uTd + 18g4

pQ
2
Hd
Q2
uTd

+ 18g4
pQ

2
qQ

2
uTd − 2g2

pQ
2
Hd
|λ|2Td + 2g2

pQ
2
Hu |λ|

2Td + 2g2
pQ

2
s|λ|2Td

− 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

)
+ 6g2

pQ
2
dTdTr

(
YdY

†
d

)
− 6g2

pQ
2
Hd
TdTr

(
YdY

†
d

)
+ 6g2

pQ
2
qTdTr

(
YdY

†
d

)
− 4YdY

†
d TdTr

(
YeY

†
e

)
− 5TdY

†
d YdTr

(
YeY

†
e

)
+

6

5
g2

1TdTr
(
YeY

†
e

)
+ 2g2

pQ
2
eTdTr

(
YeY

†
e

)
− 2g2

pQ
2
Hd
TdTr

(
YeY

†
e

)
+ 2g2

pQ
2
l TdTr

(
YeY

†
e

)
− 6YdY

†
uTuTr

(
YuY

†
u

)
− 3TdY

†
uYuTr

(
YuY

†
u

)
− 3|λ|2TdTr

(
YuY

†
u

)
− 2

5
YdY

†
d Yd

(
4g2

1M1 + 30g2
2M2 − 10g2

pMUQ
2
d + 30g2

pMUQ
2
Hd

+ 10g2
pMUQ

2
q + 15λ∗Tλ + 45Tr

(
Y †d Td

)
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+ 15Tr
(
Y †e Te

))
− 6YdY

†
uYuTr

(
Y †uTu

)
− 9TdTr

(
YdY

†
d YdY

†
d

)
− 3TdTr

(
YdY

†
uYuY

†
d

)
− 3TdTr

(
YeY

†
e YeY

†
e

)
− 2

45
Yd

(
287g4

1M1 + 45g2
1g

2
2M1 + 40g2

1g
2
3M1 + 40g2

1g
2
3M3 + 360g2

2g
2
3M3 − 160g4

3M3

+ 45g2
1g

2
2M2 + 675g4

2M2 + 360g2
2g

2
3M2 + 132g2

1g
2
pM1Q

2
d + 480g2

3g
2
pM3Q

2
d

+ 132g2
1g

2
pMUQ

2
d + 480g2

3g
2
pMUQ

2
d + 1980g4

pMUQ
4
d + 108g2

1g
2
pM1QdQe

+ 108g2
1g

2
pMUQdQe + 540g4

pMUQ
2
dQ

2
e − 198g2

1g
2
pM1QdQHd − 198g2

1g
2
pMUQdQHd

− 162g2
1g

2
pM1QeQHd − 162g2

1g
2
pMUQeQHd + 108g2

1g
2
pM1Q

2
Hd

+ 108g2
1g

2
pMUQ

2
Hd

+ 270g2
2g

2
pMUQ

2
Hd

+ 270g2
2g

2
pM2Q

2
Hd

+ 1980g4
pMUQ

2
dQ

2
Hd

+ 540g4
pMUQ

2
eQ

2
Hd

+ 720g4
pMUQ

4
Hd

+ 36g2
1g

2
pM1QdQHu + 36g2

1g
2
pMUQdQHu − 54g2

1g
2
pM1QHdQHu

− 54g2
1g

2
pMUQHdQHu + 360g4

pMUQ
2
dQ

2
Hu + 360g4

pMUQ
2
Hd
Q2
Hu − 108g2

1g
2
pM1QdQl

− 108g2
1g

2
pMUQdQl + 162g2

1g
2
pM1QHdQl + 162g2

1g
2
pMUQHdQl + 1080g4

pMUQ
2
dQ

2
l

+ 1080g4
pMUQ

2
Hd
Q2
l + 162g2

1g
2
pM1QdQq + 162g2

1g
2
pMUQdQq + 54g2

1g
2
pM1QeQq

+ 54g2
1g

2
pMUQeQq − 180g2

1g
2
pM1QHdQq − 180g2

1g
2
pMUQHdQq + 18g2

1g
2
pM1QHuQq

+ 18g2
1g

2
pMUQHuQq − 54g2

1g
2
pM1QlQq − 54g2

1g
2
pMUQlQq + 60g2

1g
2
pM1Q

2
q

+ 480g2
3g

2
pM3Q

2
q + 60g2

1g
2
pMUQ

2
q + 270g2

2g
2
pMUQ

2
q + 480g2

3g
2
pMUQ

2
q

+ 270g2
2g

2
pM2Q

2
q + 4860g4

pMUQ
2
dQ

2
q + 540g4

pMUQ
2
eQ

2
q + 3600g4

pMUQ
2
Hd
Q2
q

+ 360g4
pMUQ

2
HuQ

2
q + 1080g4

pMUQ
2
lQ

2
q + 3600g4

pMUQ
4
q + 180g4

pMUQ
2
dQ

2
s

+ 180g4
pMUQ

2
Hd
Q2
s + 180g4

pMUQ
2
qQ

2
s + 180g4

pMUQ
2
dQ

2
1 + 180g4

pMUQ
2
Hd
Q2

1

+ 180g4
pMUQ

2
qQ

2
1 + 180g4

pMUQ
2
dQ

2
2 + 180g4

pMUQ
2
Hd
Q2

2 + 180g4
pMUQ

2
qQ

2
2

+ 180g4
pMUQ

2
dQ

2
3 + 180g4

pMUQ
2
Hd
Q2

3 + 180g4
pMUQ

2
qQ

2
3 − 216g2

1g
2
pM1QdQu

− 216g2
1g

2
pMUQdQu + 324g2

1g
2
pM1QHdQu + 324g2

1g
2
pMUQHdQu − 108g2

1g
2
pM1QqQu

− 108g2
1g

2
pMUQqQu + 1620g4

pMUQ
2
dQ

2
u + 1620g4

pMUQ
2
Hd
Q2
u + 1620g4

pMUQ
2
qQ

2
u

+ 270λλ∗,2Tλ − 18
(
− 5
(

3g2
pMU

(
−Q2

Hd
+Q2

d +Q2
q

)
+ 8g2

3M3

)
+ g2

1M1

)
Tr
(
YdY

†
d

)
+ 54g2

1M1Tr
(
YeY

†
e

)
+ 90g2

pMUQ
2
eTr
(
YeY

†
e

)
− 90g2

pMUQ
2
Hd

Tr
(
YeY

†
e

)
+ 90g2

pMUQ
2
lTr
(
YeY

†
e

)
+ 18g2

1Tr
(
Y †d Td

)
− 720g2

3Tr
(
Y †d Td

)
− 270g2

pQ
2
dTr
(
Y †d Td

)
+ 270g2

pQ
2
Hd

Tr
(
Y †d Td

)
− 270g2

pQ
2
qTr
(
Y †d Td

)
− 54g2

1Tr
(
Y †e Te

)
− 90g2

pQ
2
eTr
(
Y †e Te

)
+ 90g2

pQ
2
Hd

Tr
(
Y †e Te

)
− 90g2

pQ
2
lTr
(
Y †e Te

)
− 45λ∗

(
λ
(

2g2
pMU

(
−Q2
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Hd
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(
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(
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1
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=
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pQ
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m2
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)
(93)

β
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=
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3
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(
m2
s1 +m2

s2 +m2
s3

)
|κ|2 + |Tκ|2

)
(95)

β
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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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3.7 Vacuum expectation values
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=
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=
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− 1200g2
2g

2
pQ

2
Hd
− 3600g4
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p
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(
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(
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4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’


Bρ

W3ρ

Uρ

 =ZγZZ
′


γρ

Zρ

Z ′ρ

 (109)

(
W1ρ

W2ρ

)
=ZW

(
W−ρ

W−ρ

)
(110)

λW̃ ,1

λW̃ ,2

λW̃ ,3

 =ZW̃


W̃−

W̃+

W̃ 0

 (111)

(112)
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The mixing matrices are parametrized by

ZγZZ
′

=


cos ΘW − cos Θ′W sin ΘW sin ΘW sin Θ′W

sin ΘW cos ΘW cos Θ′W − cos ΘW sin Θ′W

0 sin Θ′W cos Θ′W

 (113)

ZW =

(
1√
2

1√
2

−i 1√
2

i 1√
2

)
(114)

ZW̃ =


1√
2

1√
2

0

−i 1√
2

i 1√
2

0

0 0 1

 (115)

(116)

4.2 Rotations in Mass sector for eigenstates ’EWSB’

4.2.1 Mass Matrices for Scalars

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

, d̃R,α2

)
,
(
d̃∗L,β1

, d̃∗R,β2

)

m2
d̃

=
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1
2
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†
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†
d
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u

)
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(
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(
Q1v

2
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This matrix is diagonalized by ZD:
ZDm2

d̃
ZD,† = mdia

2,d̃
(120)

with

d̃L,iα =
∑
j

ZD,∗ji d̃jα , d̃R,iα =
∑
j

ZD,∗ji d̃jα (121)

• Mass matrix for Sneutrinos, Basis: (ν̃L) , (ν̃∗L)
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This matrix is diagonalized by ZV :
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• Mass matrix for Up-Squarks, Basis: (ũL,α1 , ũR,α2) ,
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)
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mũLũ∗L
= +

1

24
1
(
g2

1

(
− v2

d + v2
u

)
+ 3
(

4g2
pQq

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+ g2

2

(
− v2

u + v2
d

)))
δα1β1

+
1

2
δα1β1

(
2m2

q + v2
uY
†
uYu

)
(127)
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This matrix is diagonalized by ZU :
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ũZ
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with
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j
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j
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• Mass matrix for Sleptons, Basis: (ẽL, ẽR) , (ẽ∗L, ẽ
∗
R)
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mẽRẽ∗R
= +m2

e +
1

4
1
(

2g2
pQe

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+ g2

1

(
− v2

d + v2
u

))
+

1

2
v2
dYeY

†
e (133)

This matrix is diagonalized by ZE :
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with

ẽL,i =
∑
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∑
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• Mass matrix for Higgs, Basis: (φd, φu, φs, φ1, φ2, φ3) , (φd, φu, φs, φ1, φ2, φ3)

m2
h =



mφdφd mφuφd mφsφd mφ1φd mφ2φd mφ3φd
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mφ1φ2
=

1

18

(
2v1v2|κ|2 + 3

√
2v3<

(
Tκ

))
+ g2

pQ1Q2v1v2 (150)

mφ2φ2
=

1

18

(
v2

1 + v2
3

)
|κ|2 +

1

2
g2
pQ2

(
3Q2v

2
2 +Q1v

2
1 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+m2

s2 (151)

mφdφ3 = g2
pQHdQ3vdv3 (152)

mφuφ3
= g2

pQHuQ3v3vu (153)

mφsφ3
= g2

pQsQ3vsv3 (154)

mφ1φ3
=

1

18

(
2v1v3|κ|2 + 3

√
2v2<

(
Tκ

))
+ g2

pQ1Q3v1v3 (155)

mφ2φ3
=

1

18

(
2v2v3|κ|2 + 3

√
2v1<

(
Tκ

))
+ g2

pQ2Q3v2v3 (156)

mφ3φ3 =
1

18

(
v2

1 + v2
2

)
|κ|2 +

1

2
g2
pQ3

(
3Q3v

2
3 +Q1v

2
1 +Q2v

2
2 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+m2

s3 (157)

This matrix is diagonalized by ZH :
ZHm2

hZ
H,† = mdia

2,h (158)

with

φd =
∑
j

ZH,∗j1 hj , φu =
∑
j

ZH,∗j2 hj , φs =
∑
j

ZH,∗j3 hj (159)

φ1 =
∑
j

ZH,∗j4 hj , φ2 =
∑
j

ZH,∗j5 hj , φ3 =
∑
j

ZH,∗j6 hj (160)

• Mass matrix for Pseudo-Scalar Higgs, Basis: (σd, σu, σs, σ1, σ2, σ3) , (σd, σu, σs, σ1, σ2, σ3)
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m2
A0 =



mσdσd
1√
2
vs<

(
Tλ

)
1√
2
vu<

(
Tλ

)
0 0 0

1√
2
vs<

(
Tλ

)
mσuσu

1√
2
vd<

(
Tλ

)
0 0 0

1√
2
vu<

(
Tλ

)
1√
2
vd<

(
Tλ

)
mσsσs 0 0 0

0 0 0 mσ1σ1
− 1

3
1√
2
v3<

(
Tκ

)
− 1

3
1√
2
v2<

(
Tκ

)
0 0 0 − 1

3
1√
2
v3<

(
Tκ

)
mσ2σ2

− 1
3

1√
2
v1<

(
Tκ

)
0 0 0 − 1

3
1√
2
v2<

(
Tκ

)
− 1

3
1√
2
v1<

(
Tκ

)
mσ3σ3


+ξZm

2(Z)+ξZ′m
2(Z ′)

(161)

mσdσd = +m2
Hd

+
1

8

(
4g2
pQHd

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+
(
g2

1 + g2
2

)(
− v2

u + v2
d

))
+

1

2

(
v2
s + v2

u

)
|λ|2 (162)

mσuσu = +m2
Hu +

1

8

(
4g2
pQHu

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+
(
g2

1 + g2
2

)(
− v2

d + v2
u

))
+

1

2

(
v2
d + v2

s

)
|λ|2 (163)

mσsσs =
1

2
g2
pQs

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+

1

2

(
v2
d + v2

u

)
|λ|2 +m2

S (164)

mσ1σ1 =
1

18

(
v2

2 + v2
3

)
|κ|2 +

1

2
g2
pQ1

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+m2

s1 (165)

mσ2σ2 =
1

18

(
v2

1 + v2
3

)
|κ|2 +

1

2
g2
pQ2

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+m2

s2 (166)

mσ3σ3
=

1

18

(
v2

1 + v2
2

)
|κ|2 +

1

2
g2
pQ3

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+m2

s3 (167)

Gauge fixing contributions:

m2(ξZ) =



mσdσd mσuσd mσsσd mσ1σd mσ2σd mσ3σd

mσdσu mσuσu mσsσu mσ1σu mσ2σu mσ3σu

mσdσs mσuσs mσsσs mσ1σs mσ2σs mσ3σs

mσdσ1 mσuσ1 mσsσ1 mσ1σ1 mσ2σ1 mσ3σ1

mσdσ2
mσuσ2

mσsσ2
mσ1σ2

mσ2σ2
mσ3σ2

mσdσ3
mσuσ3

mσsσ3
mσ1σ3

mσ2σ3
mσ3σ3


(168)

mσdσd =
1

4
v2
d

(
2gpQHd sin Θ′W + cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))2

(169)

mσdσu = −1

4
vdvu

(
2gpQHd sin Θ′W + cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))(
− 2gpQHu sin Θ′W + cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))
(170)

mσuσu =
1

4
v2
u

(
− 2gpQHu sin Θ′W + cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))2

(171)
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mσdσs =
1

2
gpQsvdvs sin Θ′W

(
2gpQHd sin Θ′W + cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))
(172)

mσuσs =
1

2
gpQsvsvu sin Θ′W

(
2gpQHu sin Θ′W − cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))
(173)

mσsσs = g2
pQ

2
sv

2
s sin Θ′

2
W (174)

mσdσ1 =
1

2
gpQ1vdv1 sin Θ′W

(
2gpQHd sin Θ′W + cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))
(175)

mσuσ1 =
1

2
gpQ1v1vu sin Θ′W

(
2gpQHu sin Θ′W − cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))
(176)

mσsσ1 = g2
pQsQ1vsv1 sin Θ′

2
W (177)

mσ1σ1
= g2

pQ
2
1v

2
1 sin Θ′

2
W (178)

mσdσ2
=

1

2
gpQ2vdv2 sin Θ′W

(
2gpQHd sin Θ′W + cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))
(179)

mσuσ2
=

1

2
gpQ2v2vu sin Θ′W

(
2gpQHu sin Θ′W − cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))
(180)

mσsσ2
= g2

pQsQ2vsv2 sin Θ′
2
W (181)

mσ1σ2
= g2

pQ1Q2v1v2 sin Θ′
2
W (182)

mσ2σ2 = g2
pQ

2
2v

2
2 sin Θ′

2
W (183)

mσdσ3
=

1

2
gpQ3vdv3 sin Θ′W

(
2gpQHd sin Θ′W + cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))
(184)

mσuσ3
=

1

2
gpQ3v3vu sin Θ′W

(
2gpQHu sin Θ′W − cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))
(185)

mσsσ3
= g2

pQsQ3vsv3 sin Θ′
2
W (186)

mσ1σ3
= g2

pQ1Q3v1v3 sin Θ′
2
W (187)

mσ2σ3
= g2

pQ2Q3v2v3 sin Θ′
2
W (188)

mσ3σ3
= g2

pQ
2
3v

2
3 sin Θ′

2
W (189)

m2(ξZ′) =



mσdσd mσuσd mσsσd mσ1σd mσ2σd mσ3σd

mσdσu mσuσu mσsσu mσ1σu mσ2σu mσ3σu

mσdσs mσuσs mσsσs mσ1σs mσ2σs mσ3σs

mσdσ1 mσuσ1 mσsσ1 mσ1σ1 mσ2σ1 mσ3σ1

mσdσ2
mσuσ2

mσsσ2
mσ1σ2

mσ2σ2
mσ3σ2

mσdσ3
mσuσ3

mσsσ3
mσ1σ3

mσ2σ3
mσ3σ3


(190)

mσdσd =
1

4
v2
d

(
− 2gpQHd cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2

(191)

mσdσu =
1

8
vdvu

(
− 2
(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W + 4gpQHd cos Θ′W

)(
2gpQHu cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
(192)
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mσuσu =
1

4
v2
u

(
2gpQHu cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2

(193)

mσdσs =
1

2
gpQsvdvs cos Θ′W

(
2gpQHd cos Θ′W −

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
(194)

mσuσs =
1

2
gpQsvsvu cos Θ′W

(
2gpQHu cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
(195)

mσsσs = g2
pQ

2
sv

2
s cos Θ′

2
W (196)

mσdσ1
=

1

2
gpQ1vdv1 cos Θ′W

(
2gpQHd cos Θ′W −

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
(197)

mσuσ1
=

1

2
gpQ1v1vu cos Θ′W

(
2gpQHu cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
(198)

mσsσ1
= g2

pQsQ1vsv1 cos Θ′
2
W (199)

mσ1σ1
= g2

pQ
2
1v

2
1 cos Θ′

2
W (200)

mσdσ2
=

1

2
gpQ2vdv2 cos Θ′W

(
2gpQHd cos Θ′W −

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
(201)

mσuσ2 =
1

2
gpQ2v2vu cos Θ′W

(
2gpQHu cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
(202)

mσsσ2 = g2
pQsQ2vsv2 cos Θ′

2
W (203)

mσ1σ2
= g2

pQ1Q2v1v2 cos Θ′
2
W (204)

mσ2σ2
= g2

pQ
2
2v

2
2 cos Θ′

2
W (205)

mσdσ3
=

1

2
gpQ3vdv3 cos Θ′W

(
2gpQHd cos Θ′W −

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
(206)

mσuσ3
=

1

2
gpQ3v3vu cos Θ′W

(
2gpQHu cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
(207)

mσsσ3
= g2

pQsQ3vsv3 cos Θ′
2
W (208)

mσ1σ3 = g2
pQ1Q3v1v3 cos Θ′

2
W (209)

mσ2σ3 = g2
pQ2Q3v2v3 cos Θ′

2
W (210)

mσ3σ3
= g2

pQ
2
3v

2
3 cos Θ′

2
W (211)

This matrix is diagonalized by ZA:
ZAm2

A0ZA,† = mdia
2,A0 (212)

with

σd =
∑
j

ZA,∗j1 A0
j , σu =

∑
j

ZA,∗j2 A0
j , σs =

∑
j

ZA,∗j3 A0
j (213)

σ1 =
∑
j

ZA,∗j4 A0
j , σ2 =

∑
j

ZA,∗j5 A0
j , σ3 =

∑
j

ZA,∗j6 A0
j (214)

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

+,∗
u

)
,
(
H−,∗d , H+

u

)
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m2
H− =

(
mH−d H

−,∗
d

− 1
2vdvu|λ|

2 + 1
4g

2
2vdvu + 1√

2
vsT

∗
λ

− 1
2vdvu|λ|

2 + 1
4g

2
2vdvu + 1√

2
vsTλ mH+,∗

u H+
u

)
+ ξW−m

2(W−) (215)

mH−d H
−,∗
d

= +m2
Hd

+
1

8

(
g2

1

(
− v2

u + v2
d

)
+ g2

2

(
v2
d + v2

u

)
+ 4g2

pQHd

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

))
+

1

2
v2
s |λ|2 (216)

mH+,∗
u H+

u
= +m2

Hu

+
1

8

(
g2

1

(
− v2

d + v2
u

)
+ g2

2

(
v2
d + v2

u

)
+ 4g2

pQHu

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

))
+

1

2
v2
s |λ|2 (217)

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

)
(218)

This matrix is diagonalized by Z+:
Z+m2

H−Z
+,† = mdia

2,H− (219)

with

H−d =
∑
j

Z+
j1H

−
j , H+

u =
∑
j

Z+
j2H

+
j (220)

4.2.2 Mass Matrices for Fermions

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

0, H̃0
d , H̃

0
u, S̃, s̃1, s̃2, s̃3

)
,
(
Ũ , λB̃ , W̃

0, H̃0
d , H̃

0
u, S̃, s̃1, s̃2, s̃3

)

mχ̃0 =



MU 0 0 mH̃0
dŨ

mH̃0
uŨ

mS̃Ũ ms̃1Ũ
ms̃2Ũ

ms̃3Ũ

0 M1 0 − 1
2g1vd

1
2g1vu 0 0 0 0

0 0 M2
1
2g2vd − 1

2g2vu 0 0 0 0

mŨH̃0
d
− 1

2g1vd
1
2g2vd 0 mH̃0

uH̃
0
d

mS̃H̃0
d

0 0 0

mŨH̃0
u

1
2g1vu − 1

2g2vu mH̃0
dH̃

0
u

0 mS̃H̃0
u

0 0 0

mŨS̃ 0 0 mH̃0
d S̃

mH̃0
uS̃

0 0 0 0

mŨ s̃1
0 0 0 0 0 0 ms̃2s̃1 ms̃3s̃1

mŨ s̃2
0 0 0 0 0 ms̃1s̃2 0 ms̃3s̃2

mŨ s̃3
0 0 0 0 0 ms̃1s̃3 ms̃2s̃3 0



(221)
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mŨH̃0
d

= gpQHdvd (222)

mŨH̃0
u

= gpQHuvu (223)

mH̃0
dH̃

0
u

= − 1√
2
vsλ (224)

mŨS̃ = gpQsvs (225)

mH̃0
d S̃

= − 1√
2
vuλ (226)

mH̃0
uS̃

= − 1√
2
vdλ (227)

mŨ s̃1
= gpQ1v1 (228)

mŨ s̃2
= gpQ2v2 (229)

ms̃1s̃2 =
1

3

1√
2
v3κ (230)

mŨ s̃3
= gpQ3v3 (231)

ms̃1s̃3 =
1

3

1√
2
v2κ (232)

ms̃2s̃3 =
1

3

1√
2
v1κ (233)

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

χ̃0 (234)

with

Ũ =
∑
j

N∗j1λ
0
j , λB̃ =

∑
j

N∗j2λ
0
j , W̃ 0 =

∑
j

N∗j3λ
0
j (235)

H̃0
d =

∑
j

N∗j4λ
0
j , H̃0

u =
∑
j

N∗j5λ
0
j , S̃ =

∑
j

N∗j6λ
0
j (236)

s̃1 =
∑
j

N∗j7λ
0
j , s̃2 =

∑
j

N∗j8λ
0
j , s̃3 =

∑
j

N∗j9λ
0
j (237)

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

)
,
(
W̃+, H̃+

u

)

mχ̃− =

(
M2

1√
2
g2vu

1√
2
g2vd

1√
2
vsλ

)
(238)

This matrix is diagonalized by U and V
U∗mχ̃−V

† = mdia
χ̃− (239)

with

W̃− =
∑
t2

U∗j1λ
−
j , H̃−d =

∑
t2

U∗j2λ
−
j (240)
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W̃+ =
∑
t2

V ∗1jλ
+
j , H̃+

u =
∑
t2

V ∗2jλ
+
j (241)

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

me =
(

1√
2
vdY

T
e

)
(242)

This matrix is diagonalized by UeL and UeR

Ue,∗L meU
e,†
R = mdia

e (243)

with

eL,i =
∑
t2

Ue,∗L,jiEL,j (244)

eR,i =
∑
t2

UeR,ijE
∗
R,j (245)

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

)
md =

(
1√
2
vdδα1β1

Y Td

)
(246)

This matrix is diagonalized by UdL and UdR

Ud,∗L mdU
d,†
R = mdia

d (247)

with

dL,iα =
∑
t2

Ud,∗L,jiDL,jα (248)

dR,iα =
∑
t2

UdR,ijD
∗
R,jα (249)

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

)
mu =

(
1√
2
vuδα1β1

Y Tu

)
(250)

This matrix is diagonalized by UuL and UuR

Uu,∗L muU
u,†
R = mdia

u (251)

with

uL,iα =
∑
t2

Uu,∗L,jiUL,jα (252)

uR,iα =
∑
t2

UuR,ijU
∗
R,jα (253)
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5 Vacuum Expectation Values

H0
d =

1√
2
φd +

1√
2
vd + i

1√
2
σd (254)

H0
u =

1√
2
φu +

1√
2
vu + i

1√
2
σu (255)

S =
1√
2
φs +

1√
2
vs + i

1√
2
σs (256)

S1 =
1√
2
φ1 +

1√
2
v1 + i

1√
2
σ1 (257)

S2 =
1√
2
φ2 +

1√
2
v2 + i

1√
2
σ2 (258)

S3 =
1√
2
φ3 +

1√
2
v3 + i

1√
2
σ3 (259)

6 Tadpole Equations

∂V

∂φd
= +

1

8
vd

(
4g2
pQHd

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+
(
g2

1 + g2
2

)(
− vu + vd

)(
vd + vu

))
+

1

4

(
−
√

2vsvu

(
T ∗λ + Tλ

)
+ vd

(
2
(
v2
s + v2

u

)
|λ|2 + 4m2

Hd

))
(260)

∂V

∂φu
= +

1

8
vu

(
4g2
pQHu

(
Q1v

2
1 +Q2v

2
2 +Q3v

2
3 +QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+
(
g2

1 + g2
2

)(
− v2

d + v2
u

))
+

1

2

(
−
√

2vdvs<
(
Tλ

)
+ vu

(
2m2

Hu +
(
v2
d + v2

s

)
|λ|2

))
(261)

∂V

∂φs
= +

1

2
g2
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(
Q1v

2
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2
2 +Q3v

2
3 +QHdv
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∂V

∂φ1
= +
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2
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+
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2
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(263)
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∂φ2
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+
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∂V
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+
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3
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s3 +
(
v2

1 + v2
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)
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(265)
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7 Particle content for eigenstates ’EWSB’

Name Type complex/real Generations Indices

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

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

Ghost real 1
η− Ghost complex 1
η+ Ghost complex 1

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

8.1 One Loop Self-Energy
• Self-Energy for Down-Squarks (d̃)
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−
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ΓRˇ̃
d∗i ,ua,χ̃

−
b

+ ΓR∗ˇ̃
d∗j ,ua,χ̃

−
b

ΓLˇ̃
d∗i ,ua,χ̃

−
b

)
+

3∑
a=1

2∑
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ũa
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d∗j ,ũa,H

−
b

Γ ˇ̃
d∗i ,ũa,H
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+
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ũb
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• Self-Energy for Sneutrinos (ν̃)
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a,ẽa
− 3

6∑
a=1

A0

(
m2
ũa
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• Self-Energy for Up-Squarks (ũ)
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Γˇ̃u∗i ,Z,ũb
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ũb
,m2

Z′

)
(268)

• Self-Energy for Sleptons (ẽ)
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ΓL∗ˇ̃e∗j ,ea,χ̃

0
b
ΓLˇ̃e∗i ,ea,χ̃0

b
+ ΓR∗ˇ̃e∗j ,ea,χ̃

0
b
ΓRˇ̃e∗i ,ea,χ̃0

b

)
− 1

2

6∑
a=1

A0

(
m2
A0
a

)
Γˇ̃ei,ˇ̃e∗j ,A

0
a,A

0
a
− 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

− 1

2

6∑
a=1

A0

(
m2
ha

)
Γˇ̃ei,ˇ̃e∗j ,ha,ha

+

6∑
a=1

6∑
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

6∑
b=1

B0

(
p2,m2

ẽa ,m
2
hb

)
Γ∗ˇ̃e∗j ,ẽa,hb

Γˇ̃e∗i ,ẽa,hb
+

3∑
b=1

Γ∗ˇ̃e∗j ,W−,ν̃b
Γˇ̃e∗i ,W

−,ν̃b
F0

(
p2,m2

ν̃b
,m2

W−

)
+

6∑
b=1

Γ∗ˇ̃e∗j ,γ,ẽb
Γˇ̃e∗i ,γ,ẽb

F0

(
p2,m2

ẽb
, 0
)

+

6∑
b=1

Γ∗ˇ̃e∗j ,Z,ẽb
Γˇ̃e∗i ,Z,ẽb

F0

(
p2,m2

ẽb
,m2

Z

)
+

6∑
b=1

Γ∗ˇ̃e∗j ,Z′,ẽb
Γˇ̃e∗i ,Z

′,ẽb
F0

(
p2,m2

ẽb
,m2

Z′

)
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• Self-Energy for Higgs (h)

Πi,j(p
2) = +2

(
− 1

2
rMS +B0

(
p2,m2

Z ,m
2
Z

))
Γ∗
ȟj ,Z,Z

Γȟi,Z,Z + 4
(
− 1

2
rMS +B0

(
p2,m2

Z ,m
2
Z′

))
Γ∗
ȟj ,Z′,Z

Γȟi,Z′,Z + 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− ,m
2
W−

))
Γ∗
ȟj ,W+,W−

Γȟi,W+,W− −B0

(
p2,m2

η− ,m
2
η−

)
Γȟi,η̄−,η−Γȟj ,η̄−,η−
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−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

− 2B0

(
p2,m2

ηZ ,m
2
ηZ′

)
Γ
ȟi,

¯ηZ′ ,ηZ
Γ
ȟj ,

¯ηZ′ ,ηZ
−B0

(
p2,m2

ηZ′
,m2

ηZ′

)
Γ
ȟi,

¯ηZ′ ,ηZ′
Γ
ȟj ,

¯ηZ′ ,ηZ′

+ 4Γȟi,ȟj ,W+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γȟi,ȟj ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
+ 2Γȟi,ȟj ,Z′,Z′

(
− 1

2
rMSm2

Z′ +A0

(
m2
Z′

))
−

2∑
a=1

A0

(
m2
H−a

)
Γȟi,ȟj ,H+

a ,H
−
a

+

2∑
a=1

2∑
b=1

B0

(
p2,m2

H−a
,m2

H−b

)
Γ∗
ȟj ,H

+
a ,H

−
b

Γȟi,H+
a ,H

−
b

− 2

2∑
a=1

mχ̃−a

2∑
b=1

B0

(
p2,m2

χ̃−a
,m2

χ̃−b

)
mχ̃−b

(
ΓL∗
ȟj ,χ̃

+
a ,χ̃
−
b

ΓR
ȟi,χ̃

+
a ,χ̃
−
b

+ ΓR∗
ȟj ,χ̃

+
a ,χ̃
−
b

ΓL
ȟi,χ̃

+
a ,χ̃
−
b

)
+

2∑
a=1

2∑
b=1

G0

(
p2,m2

χ̃−a
,m2

χ̃−b

)(
ΓL∗
ȟj ,χ̃

+
a ,χ̃
−
b

ΓL
ȟi,χ̃

+
a ,χ̃
−
b

+ ΓR∗
ȟj ,χ̃

+
a ,χ̃
−
b

ΓR
ȟi,χ̃

+
a ,χ̃
−
b

)
−

3∑
a=1

A0

(
m2
ν̃a

)
Γȟi,ȟj ,ν̃∗a ,ν̃a +

3∑
a=1

3∑
b=1

B0

(
p2,m2

ν̃a ,m
2
ν̃b

)
Γ∗
ȟj ,ν̃∗a ,ν̃b

Γȟi,ν̃∗a ,ν̃b

− 6

3∑
a=1

mda

3∑
b=1

B0

(
p2,m2

da ,m
2
db

)
mdb

(
ΓL∗
ȟj ,d̄a,db

ΓR
ȟi,d̄a,db

+ ΓR∗
ȟj ,d̄a,db

ΓL
ȟi,d̄a,db

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

da ,m
2
db

)(
ΓL∗
ȟj ,d̄a,db

ΓL
ȟi,d̄a,db

+ ΓR∗
ȟj ,d̄a,db

ΓR
ȟi,d̄a,db

)
− 2

3∑
a=1

mea

3∑
b=1

B0

(
p2,m2

ea ,m
2
eb

)
meb

(
ΓL∗
ȟj ,ēa,eb

ΓR
ȟi,ēa,eb

+ ΓR∗
ȟj ,ēa,eb

ΓL
ȟi,ēa,eb

)
+

3∑
a=1

3∑
b=1

G0

(
p2,m2

ea ,m
2
eb

)(
ΓL∗
ȟj ,ēa,eb

ΓL
ȟi,ēa,eb

+ ΓR∗
ȟj ,ēa,eb

ΓR
ȟi,ēa,eb

)
− 6

3∑
a=1

mua

3∑
b=1

B0

(
p2,m2

ua ,m
2
ub

)
mub

(
ΓL∗
ȟj ,ūa,ub

ΓR
ȟi,ūa,ub

+ ΓR∗
ȟj ,ūa,ub

ΓL
ȟi,ūa,ub

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

ua ,m
2
ub

)(
ΓL∗
ȟj ,ūa,ub

ΓL
ȟi,ūa,ub

+ ΓR∗
ȟj ,ūa,ub

ΓR
ȟi,ūa,ub

)
− 1

2

6∑
a=1

A0

(
m2
A0
a

)
Γȟi,ȟj ,A0

a,A
0
a
− 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

− 1

2

6∑
a=1

A0

(
m2
ha

)
Γȟi,ȟj ,ha,ha +

1

2

6∑
a=1

6∑
b=1

B0

(
p2,m2

A0
a
,m2

A0
b

)
Γ∗
ȟj ,A0

a,A
0
b
Γȟi,A0

a,A
0
b

+ 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
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+ 3

6∑
a=1

6∑
b=1

B0

(
p2,m2

ũa ,m
2
ũb

)
Γ∗
ȟj ,ũ∗a,ũb

Γȟi,ũ∗a,ũb +

6∑
a=1

6∑
b=1

B0

(
p2,m2

ha ,m
2
A0
b

)
Γ∗
ȟj ,ha,A0

b
Γȟi,ha,A0

b

+
1

2

6∑
a=1

6∑
b=1

B0

(
p2,m2

ha ,m
2
hb

)
Γ∗
ȟj ,ha,hb

Γȟi,ha,hb

−
9∑
a=1

mχ̃0
a

9∑
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

9∑
a=1

9∑
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

)
+ 2

2∑
b=1

Γ∗
ȟj ,W+,H−b

Γȟi,W+,H−b
F0

(
p2,m2

H−b
,m2

W−

)
+

6∑
b=1

Γ∗
ȟj ,Z,A0

b
Γȟi,Z,A0

b
F0

(
p2,m2

A0
b
,m2

Z

)
+

6∑
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

))
+ 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

)
+

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

)
−

3∑
a=1

A0

(
m2
ν̃a

)
ΓǍ0

i ,Ǎ
0
j ,ν̃
∗
a ,ν̃a

− 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

)
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− 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

)
− 1

2

6∑
a=1

A0

(
m2
A0
a

)
ΓǍ0

i ,Ǎ
0
j ,A

0
a,A

0
a
− 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

− 1

2

6∑
a=1

A0

(
m2
ha

)
ΓǍ0

i ,Ǎ
0
j ,ha,ha

+
1

2

6∑
a=1

6∑
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

6∑
a=1

6∑
b=1

B0

(
p2,m2

d̃a
,m2

d̃b

)
Γ∗
Ǎ0
j ,d̃
∗
a,d̃b

ΓǍ0
i ,d̃
∗
a,d̃b

+

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

+

6∑
a=1

6∑
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

6∑
a=1

6∑
b=1

B0

(
p2,m2

ha ,m
2
hb

)
Γ∗
Ǎ0
j ,ha,hb

ΓǍ0
i ,ha,hb

−
9∑
a=1

mχ̃0
a

9∑
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

9∑
a=1

9∑
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

)
+ 2

2∑
b=1

Γ∗
Ǎ0
j ,W

+,H−b
ΓǍ0

i ,W
+,H−b

F0

(
p2,m2

H−b
,m2

W−

)
+

6∑
b=1

Γ∗
Ǎ0
j ,Z,hb

ΓǍ0
i ,Z,hb

F0

(
p2,m2

hb
,m2

Z

)
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+

6∑
b=1

Γ∗
Ǎ0
j ,Z
′,hb

ΓǍ0
i ,Z
′,hb

F0

(
p2,m2

hb
,m2

Z′

)
(271)

• 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− ,m
2
Z

))
Γ∗
Ȟ+
j ,Z,W

−ΓȞ+
i ,Z,W

−

+ 4
(
− 1

2
rMS +B0

(
p2,m2

W− ,m
2
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

ηZ′
,m2

η+

)
ΓȞ+

i ,η̄
+,ηZ′ΓȞ−j ,η+,

¯ηZ′
−B0

(
p2,m2

η− ,m
2
ηZ

)
ΓȞ+

i ,η̄
Z ,η−ΓȞ−j ,ηZ ,η̄−

−B0

(
p2,m2

η− ,m
2
ηZ′

)
Γ
Ȟ+
i ,

¯ηZ′ ,η−
ΓȞ−j ,ηZ

′ ,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

))
+ 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

6∑
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

6∑
b=1

B0

(
p2,m2

H−a
,m2

hb

)
Γ∗
Ȟ+
j ,H

−
a ,hb

ΓȞ+
i ,H

−
a ,hb
−

3∑
a=1

A0

(
m2
ν̃a

)
ΓȞ−i ,Ȟ

+
j ,ν̃
∗
a ,ν̃a

− 6

3∑
a=1

mua

3∑
b=1

B0

(
p2,m2

ua ,m
2
db

)
mdb

(
ΓL∗
Ȟ+
j ,ūa,db

ΓR
Ȟ+
i ,ūa,db

+ ΓR∗
Ȟ+
j ,ūa,db

ΓL
Ȟ+
i ,ūa,db

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

ua ,m
2
db

)(
ΓL∗
Ȟ+
j ,ūa,db

ΓL
Ȟ+
i ,ūa,db

+ ΓR∗
Ȟ+
j ,ūa,db

ΓR
Ȟ+
i ,ūa,db

)
− 2

3∑
a=1

mνa

3∑
b=1

B0

(
p2,m2

νa ,m
2
eb

)
meb

(
ΓL∗
Ȟ+
j ,ν̄a,eb

ΓR
Ȟ+
i ,ν̄a,eb

+ ΓR∗
Ȟ+
j ,ν̄a,eb

ΓL
Ȟ+
i ,ν̄a,eb

)
+

3∑
a=1

3∑
b=1

G0

(
p2,m2

νa ,m
2
eb

)(
ΓL∗
Ȟ+
j ,ν̄a,eb

ΓL
Ȟ+
i ,ν̄a,eb

+ ΓR∗
Ȟ+
j ,ν̄a,eb

ΓR
Ȟ+
i ,ν̄a,eb

)
+

3∑
a=1

6∑
b=1

B0

(
p2,m2

ν̃a ,m
2
ẽb

)
Γ∗
Ȟ+
j ,ν̃
∗
a ,ẽb

ΓȞ+
i ,ν̃
∗
a ,ẽb
− 1

2

6∑
a=1

A0

(
m2
A0
a

)
ΓȞ−i ,Ȟ

+
j ,A

0
a,A

0
a

− 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
− 1

2

6∑
a=1

A0

(
m2
ha

)
ΓȞ−i ,Ȟ

+
j ,ha,ha

+ 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
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− 2

9∑
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

)
+

9∑
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

)
+

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

)
+

2∑
b=1

Γ∗
Ȟ+
j ,Z

′,H−b
ΓȞ+

i ,Z
′,H−b

F0

(
p2,m2

H−b
,m2

Z′

)
+

6∑
b=1

Γ∗
Ȟ+
j ,W

−,A0
b

ΓȞ+
i ,W

−,A0
b
F0

(
p2,m2

A0
b
,m2

W−

)
+

6∑
b=1

Γ∗
Ȟ+
j ,W

−,hb
ΓȞ+

i ,W
−,hb

F0

(
p2,m2

hb
,m2

W−

)
(272)

• Self-Energy for Neutralinos (χ̃0)

ΣSi,j(p
2) = +2

2∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−b
,m2

H−a

)
ΓL∗ˇ̃χ0

j ,H
+
a ,χ̃
−
b

mχ̃−b
ΓRˇ̃χ0

i ,H
+
a ,χ̃
−
b

+ 2

3∑
a=1

3∑
b=1

B0

(
p2,m2

νb
,m2

ν̃a

)
ΓL∗ˇ̃χ0

j ,ν̃
∗
a ,νb

mνbΓ
R
ˇ̃χ0
i ,ν̃
∗
a ,νb

+ 6

6∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

d̃a

)
ΓL∗ˇ̃χ0

j ,d̃
∗
a,db

mdbΓ
R
ˇ̃χ0
i ,d̃
∗
a,db

+ 2

6∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

ẽa

)
ΓL∗ˇ̃χ0

j ,ẽ
∗
a,eb

mebΓ
R
ˇ̃χ0
i ,ẽ
∗
a,eb

+ 6

6∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

ũa

)
ΓL∗ˇ̃χ0

j ,ũ
∗
a,ub

mubΓ
R
ˇ̃χ0
i ,ũ
∗
a,ub

+

6∑
a=1

9∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

ha

)
ΓL∗ˇ̃χ0

j ,ha,χ̃
0
b
mχ̃0

b
ΓRˇ̃χ0

i ,ha,χ̃
0
b

+

9∑
a=1

mχ̃0
a

6∑
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

− 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

9∑
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
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− 4

9∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃0
b
,m2

Z′

))
ΓR∗ˇ̃χ0

j ,Z
′,χ̃0

b
mχ̃0

b
ΓLˇ̃χ0

i ,Z
′,χ̃0

b
(273)

ΣRi,j(p
2) = −

2∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

H−a

)
ΓR∗ˇ̃χ0

j ,H
+
a ,χ̃
−
b

ΓRˇ̃χ0
i ,H

+
a ,χ̃
−
b

−
3∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

ν̃a

)
ΓR∗ˇ̃χ0

j ,ν̃
∗
a ,νb

ΓRˇ̃χ0
i ,ν̃
∗
a ,νb

− 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

6∑
a=1

9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ha

)
ΓR∗ˇ̃χ0

j ,ha,χ̃
0
b
ΓRˇ̃χ0

i ,ha,χ̃
0
b

− 1

2

9∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃0
a
,m2

A0
b

)
ΓR∗ˇ̃χ0

j ,χ̃
0
a,A

0
b
ΓRˇ̃χ0

i ,χ̃
0
a,A

0
b

− 2

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

W−

)
ΓL∗ˇ̃χ0

j ,W
+,χ̃−b

ΓLˇ̃χ0
i ,W

+,χ̃−b
−

9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z

)
ΓL∗ˇ̃χ0

j ,Z,χ̃
0
b
ΓLˇ̃χ0

i ,Z,χ̃
0
b

−
9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z′

)
ΓL∗ˇ̃χ0

j ,Z
′,χ̃0

b
ΓLˇ̃χ0

i ,Z
′,χ̃0

b
(274)

ΣLi,j(p
2) = −

2∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

H−a

)
ΓL∗ˇ̃χ0

j ,H
+
a ,χ̃
−
b

ΓLˇ̃χ0
i ,H

+
a ,χ̃
−
b

−
3∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

ν̃a

)
ΓL∗ˇ̃χ0

j ,ν̃
∗
a ,νb

ΓLˇ̃χ0
i ,ν̃
∗
a ,νb

− 3

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

d̃a

)
ΓL∗ˇ̃χ0

j ,d̃
∗
a,db

ΓLˇ̃χ0
i ,d̃
∗
a,db

−
6∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ẽa

)
ΓL∗ˇ̃χ0

j ,ẽ
∗
a,eb

ΓLˇ̃χ0
i ,ẽ
∗
a,eb

− 3

6∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ũa

)
ΓL∗ˇ̃χ0

j ,ũ
∗
a,ub

ΓLˇ̃χ0
i ,ũ
∗
a,ub
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− 1

2

6∑
a=1

9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ha

)
ΓL∗ˇ̃χ0

j ,ha,χ̃
0
b
ΓLˇ̃χ0

i ,ha,χ̃
0
b

− 1

2

9∑
a=1

6∑
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

− 2

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

W−

)
ΓR∗ˇ̃χ0

j ,W
+,χ̃−b

ΓRˇ̃χ0
i ,W

+,χ̃−b
−

9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z

)
ΓR∗ˇ̃χ0

j ,Z,χ̃
0
b
ΓRˇ̃χ0

i ,Z,χ̃
0
b

−
9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z′

)
ΓR∗ˇ̃χ0

j ,Z
′,χ̃0

b
ΓRˇ̃χ0

i ,Z
′,χ̃0

b
(275)

• Self-Energy for Charginos (χ̃−)

ΣSi,j(p
2) = +

2∑
a=1

mχ̃−a

6∑
b=1

B0

(
p2,m2

χ̃−a
,m2

A0
b

)
ΓL∗ˇ̃χ+

j ,χ̃
−
a ,A

0
b

ΓRˇ̃χ+
i ,χ̃
−
a ,A

0
b

+

2∑
a=1

9∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

H−a

)
ΓL∗ˇ̃χ+

j ,H
−
a ,χ̃

0
b

mχ̃0
b
ΓRˇ̃χ+

i ,H
−
a ,χ̃

0
b

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

ν̃a

)
ΓL∗ˇ̃χ+

j ,ν̃
∗
a ,eb

mebΓ
R
ˇ̃χ+
i ,ν̃
∗
a ,eb

+ 3

3∑
a=1

mua

6∑
b=1

B0

(
p2,m2

ua ,m
2
d̃b

)
ΓL∗ˇ̃χ+

j ,ūa,d̃b
ΓRˇ̃χ+

i ,ūa,d̃b

+

3∑
a=1

mνa

6∑
b=1

B0

(
p2,m2

νa ,m
2
ẽb

)
ΓL∗ˇ̃χ+

j ,ν̄a,ẽb
ΓRˇ̃χ+

i ,ν̄a,ẽb

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−b
,m2

ha

)
ΓL∗ˇ̃χ+

j ,ha,χ̃
−
b

mχ̃−b
ΓRˇ̃χ+

i ,ha,χ̃
−
b

+ 3

6∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

ũa

)
ΓL∗ˇ̃χ+

j ,ũ
∗
a,db

mdbΓ
R
ˇ̃χ+
i ,ũ
∗
a,db

− 4

2∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃−b
, 0
))

ΓR∗ˇ̃χ+
j ,γ,χ̃

−
b

mχ̃−b
ΓLˇ̃χ+

i ,γ,χ̃
−
b

− 4

2∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃−b
,m2

Z

))
ΓR∗ˇ̃χ+

j ,Z,χ̃
−
b

mχ̃−b
ΓLˇ̃χ+

i ,Z,χ̃
−
b

− 4

2∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃−b
,m2

Z′

))
ΓR∗ˇ̃χ+

j ,Z
′,χ̃−b

mχ̃−b
ΓLˇ̃χ+

i ,Z
′,χ̃−b
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− 4

9∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃0
b
,m2

W−

))
ΓR∗ˇ̃χ+

j ,W
−,χ̃0

b

mχ̃0
b
ΓLˇ̃χ+

i ,W
−,χ̃0

b

(276)

ΣRi,j(p
2) = −1

2

2∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃−a
,m2

A0
b

)
ΓR∗ˇ̃χ+

j ,χ̃
−
a ,A

0
b

ΓRˇ̃χ+
i ,χ̃
−
a ,A

0
b

− 1

2

2∑
a=1

9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

H−a

)
ΓR∗ˇ̃χ+

j ,H
−
a ,χ̃

0
b

ΓRˇ̃χ+
i ,H

−
a ,χ̃

0
b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ν̃a

)
ΓR∗ˇ̃χ+

j ,ν̃
∗
a ,eb

ΓRˇ̃χ+
i ,ν̃
∗
a ,eb

− 3

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

ua ,m
2
d̃b

)
ΓR∗ˇ̃χ+

j ,ūa,d̃b
ΓRˇ̃χ+

i ,ūa,d̃b

− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

νa ,m
2
ẽb

)
ΓR∗ˇ̃χ+

j ,ν̄a,ẽb
ΓRˇ̃χ+

i ,ν̄a,ẽb

− 1

2

6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ha

)
ΓR∗ˇ̃χ+

j ,ha,χ̃
−
b

ΓRˇ̃χ+
i ,ha,χ̃

−
b

− 3

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ũa

)
ΓR∗ˇ̃χ+

j ,ũ
∗
a,db

ΓRˇ̃χ+
i ,ũ
∗
a,db
−

2∑
b=1

B1

(
p2,m2

χ̃−b
, 0
)

ΓL∗ˇ̃χ+
j ,γ,χ̃

−
b

ΓLˇ̃χ+
i ,γ,χ̃

−
b

−
2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

Z

)
ΓL∗ˇ̃χ+

j ,Z,χ̃
−
b

ΓLˇ̃χ+
i ,Z,χ̃

−
b

−
2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

Z′

)
ΓL∗ˇ̃χ+

j ,Z
′,χ̃−b

ΓLˇ̃χ+
i ,Z

′,χ̃−b

−
9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

W−

)
ΓL∗ˇ̃χ+

j ,W
−,χ̃0

b

ΓLˇ̃χ+
i ,W

−,χ̃0
b

(277)

ΣLi,j(p
2) = −1

2

2∑
a=1

6∑
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

9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

H−a

)
ΓL∗ˇ̃χ+

j ,H
−
a ,χ̃

0
b

ΓLˇ̃χ+
i ,H

−
a ,χ̃

0
b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ν̃a

)
ΓL∗ˇ̃χ+

j ,ν̃
∗
a ,eb

ΓLˇ̃χ+
i ,ν̃
∗
a ,eb

− 3

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

ua ,m
2
d̃b

)
ΓL∗ˇ̃χ+

j ,ūa,d̃b
ΓLˇ̃χ+

i ,ūa,d̃b

− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

νa ,m
2
ẽb

)
ΓL∗ˇ̃χ+

j ,ν̄a,ẽb
ΓLˇ̃χ+

i ,ν̄a,ẽb
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− 1

2

6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ha

)
ΓL∗ˇ̃χ+

j ,ha,χ̃
−
b

ΓLˇ̃χ+
i ,ha,χ̃

−
b

− 3

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ũa

)
ΓL∗ˇ̃χ+

j ,ũ
∗
a,db

ΓLˇ̃χ+
i ,ũ
∗
a,db
−

2∑
b=1

B1

(
p2,m2

χ̃−b
, 0
)

ΓR∗ˇ̃χ+
j ,γ,χ̃

−
b

ΓRˇ̃χ+
i ,γ,χ̃

−
b

−
2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

Z

)
ΓR∗ˇ̃χ+

j ,Z,χ̃
−
b

ΓRˇ̃χ+
i ,Z,χ̃

−
b

−
2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

Z′

)
ΓR∗ˇ̃χ+

j ,Z
′,χ̃−b

ΓRˇ̃χ+
i ,Z

′,χ̃−b

−
9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

W−

)
ΓR∗ˇ̃χ+

j ,W
−,χ̃0

b

ΓRˇ̃χ+
i ,W

−,χ̃0
b

(278)

• Self-Energy for Leptons (e)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

νb
,m2

H−a

)
ΓL∗ˇ̄ej ,H

−
a ,νb

mνbΓ
R
ˇ̄ei,H

−
a ,νb

+

3∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−b
,m2

ν̃a

)
ΓL∗ˇ̄ej ,ν̃a,χ̃

−
b

mχ̃−b
ΓRˇ̄ei,ν̃a,χ̃−b

+

3∑
a=1

mea

6∑
b=1

B0

(
p2,m2

ea ,m
2
A0
b

)
ΓL∗ˇ̄ej ,ea,A0

b
ΓRˇ̄ei,ea,A0

b

+

6∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

ha

)
ΓL∗ˇ̄ej ,ha,eb

mebΓ
R
ˇ̄ei,ha,eb

+

6∑
a=1

9∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

ẽa

)
ΓL∗ˇ̄ej ,ẽa,χ̃0

b
mχ̃0

b
ΓRˇ̄ei,ẽa,χ̃0

b

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

eb
, 0
))

ΓR∗ˇ̄ej ,γ,eb
mebΓ

L
ˇ̄ei,γ,eb

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

νb
,m2

W−

))
ΓR∗ˇ̄ej ,W−,νb

mνbΓ
L
ˇ̄ei,W−,νb

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

eb
,m2

Z

))
ΓR∗ˇ̄ej ,Z,eb

mebΓ
L
ˇ̄ei,Z,eb

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

eb
,m2

Z′

))
ΓR∗ˇ̄ej ,Z′,eb

mebΓ
L
ˇ̄ei,Z′,eb

(279)

ΣRi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

H−a

)
ΓR∗ˇ̄ej ,H

−
a ,νb

ΓRˇ̄ei,H−a ,νb
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− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ν̃a

)
ΓR∗ˇ̄ej ,ν̃a,χ̃

−
b

ΓRˇ̄ei,ν̃a,χ̃−b

− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

ea ,m
2
A0
b

)
ΓR∗ˇ̄ej ,ea,A0

b
ΓRˇ̄ei,ea,A0

b

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ha

)
ΓR∗ˇ̄ej ,ha,eb

ΓRˇ̄ei,ha,eb

− 1

2

6∑
a=1

9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ẽa

)
ΓR∗ˇ̄ej ,ẽa,χ̃0

b
ΓRˇ̄ei,ẽa,χ̃0

b
−

3∑
b=1

B1

(
p2,m2

eb
, 0
)

ΓL∗ˇ̄ej ,γ,eb
ΓLˇ̄ei,γ,eb

−
3∑
b=1

B1

(
p2,m2

νb
,m2

W−

)
ΓL∗ˇ̄ej ,W−,νb

ΓLˇ̄ei,W−,νb −
3∑
b=1

B1

(
p2,m2

eb
,m2

Z

)
ΓL∗ˇ̄ej ,Z,eb

ΓLˇ̄ei,Z,eb

−
3∑
b=1

B1

(
p2,m2

eb
,m2

Z′

)
ΓL∗ˇ̄ej ,Z′,eb

ΓLˇ̄ei,Z′,eb (280)

ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

νb
,m2

H−a

)
ΓL∗ˇ̄ej ,H

−
a ,νb

ΓLˇ̄ei,H−a ,νb

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ν̃a

)
ΓL∗ˇ̄ej ,ν̃a,χ̃

−
b

ΓLˇ̄ei,ν̃a,χ̃−b

− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

ea ,m
2
A0
b

)
ΓL∗ˇ̄ej ,ea,A0

b
ΓLˇ̄ei,ea,A0

b

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ha

)
ΓL∗ˇ̄ej ,ha,eb

ΓLˇ̄ei,ha,eb

− 1

2

6∑
a=1

9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ẽa

)
ΓL∗ˇ̄ej ,ẽa,χ̃0

b
ΓLˇ̄ei,ẽa,χ̃0

b
−

3∑
b=1

B1

(
p2,m2

eb
, 0
)

ΓR∗ˇ̄ej ,γ,eb
ΓRˇ̄ei,γ,eb

−
3∑
b=1

B1

(
p2,m2

νb
,m2

W−

)
ΓR∗ˇ̄ej ,W−,νb

ΓRˇ̄ei,W−,νb −
3∑
b=1

B1

(
p2,m2

eb
,m2

Z

)
ΓR∗ˇ̄ej ,Z,eb

ΓRˇ̄ei,Z,eb

−
3∑
b=1

B1

(
p2,m2

eb
,m2

Z′

)
ΓR∗ˇ̄ej ,Z′,eb

ΓRˇ̄ei,Z′,eb (281)

• Self-Energy for Down-Quarks (d)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

H−a

)
ΓL∗ˇ̄dj ,H−a ,ub

mubΓ
R
ˇ̄di,H

−
a ,ub
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+

3∑
a=1

mda

6∑
b=1

B0

(
p2,m2

da ,m
2
A0
b

)
ΓL∗ˇ̄dj ,da,A0

b

ΓRˇ̄di,da,A0
b

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−b
,m2

ũa

)
ΓL∗ˇ̄dj ,ũa,χ̃−b

mχ̃−b
ΓRˇ̄di,ũa,χ̃−b

+

6∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

ha

)
ΓL∗ˇ̄dj ,ha,db

mdbΓ
R
ˇ̄di,ha,db

+

6∑
a=1

9∑
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

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

db
,m2

Z′

))
ΓR∗ˇ̄dj ,Z′,db

mdbΓ
L
ˇ̄di,Z′,db

(282)

ΣRi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

H−a

)
ΓR∗ˇ̄dj ,H−a ,ub

ΓRˇ̄di,H−a ,ub

− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

da ,m
2
A0
b

)
ΓR∗ˇ̄dj ,da,A0

b

ΓRˇ̄di,da,A0
b

− 1

2

6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ũa

)
ΓR∗ˇ̄dj ,ũa,χ̃−b

ΓRˇ̄di,ũa,χ̃−b

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ha

)
ΓR∗ˇ̄dj ,ha,db

ΓRˇ̄di,ha,db

− 1

2

6∑
a=1

9∑
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
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−
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
−

3∑
b=1

B1

(
p2,m2

db
,m2

Z′

)
ΓL∗ˇ̄dj ,Z′,db

ΓLˇ̄di,Z′,db
(283)

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

6∑
b=1

B1

(
p2,m2

da ,m
2
A0
b

)
ΓL∗ˇ̄dj ,da,A0

b

ΓLˇ̄di,da,A0
b

− 1

2

6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ũa

)
ΓL∗ˇ̄dj ,ũa,χ̃−b

ΓLˇ̄di,ũa,χ̃−b

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ha

)
ΓL∗ˇ̄dj ,ha,db

ΓLˇ̄di,ha,db

− 1

2

6∑
a=1

9∑
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
−

3∑
b=1

B1

(
p2,m2

db
,m2

Z′

)
ΓR∗ˇ̄dj ,Z′,db

ΓRˇ̄di,Z′,db
(284)

• Self-Energy for Up-Quarks (u)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

H−a

)
ΓL∗ˇ̄uj ,H

+
a ,db

mdbΓ
R
ˇ̄ui,H

+
a ,db

+

2∑
a=1

mχ̃−a

6∑
b=1

B0

(
p2,m2

χ̃−a
,m2

d̃b

)
ΓL∗ˇ̄uj ,χ̃

+
a ,d̃b

ΓRˇ̄ui,χ̃+
a ,d̃b

+

3∑
a=1

mua

6∑
b=1

B0

(
p2,m2

ua ,m
2
A0
b

)
ΓL∗ˇ̄uj ,ua,A0

b
ΓRˇ̄ui,ua,A0

b

+

6∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

ha

)
ΓL∗ˇ̄uj ,ha,ub

mubΓ
R
ˇ̄ui,ha,ub
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+

6∑
a=1

9∑
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

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

(285)

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

6∑
b=1

B1

(
p2,m2

ua ,m
2
A0
b

)
ΓR∗ˇ̄uj ,ua,A0

b
ΓRˇ̄ui,ua,A0

b

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ha

)
ΓR∗ˇ̄uj ,ha,ub

ΓRˇ̄ui,ha,ub

− 1

2

6∑
a=1

9∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ũa

)
ΓR∗ˇ̄uj ,ũa,χ̃0

b
ΓRˇ̄ui,ũa,χ̃0

b

− 2

3

6∑
a=1

B1

(
p2,m2

g̃,m
2
ũa

)
ΓR∗ˇ̄uj ,ũa,g̃1

ΓRˇ̄ui,ũa,g̃1 −
4

3

3∑
b=1

B1

(
p2,m2

ub
, 0
)

ΓL∗ˇ̄uj ,g,ub
ΓLˇ̄ui,g,ub

−
3∑
b=1

B1

(
p2,m2

ub
, 0
)

ΓL∗ˇ̄uj ,γ,ub
ΓLˇ̄ui,γ,ub −

3∑
b=1

B1

(
p2,m2

ub
,m2

Z

)
ΓL∗ˇ̄uj ,Z,ub

ΓLˇ̄ui,Z,ub

−
3∑
b=1

B1

(
p2,m2

ub
,m2

Z′

)
ΓL∗ˇ̄uj ,Z′,ub

ΓLˇ̄ui,Z′,ub −
3∑
b=1

B1

(
p2,m2

db
,m2

W−

)
ΓL∗ˇ̄uj ,W+,db

ΓLˇ̄ui,W+,db
(286)

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
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− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

ua ,m
2
A0
b

)
ΓL∗ˇ̄uj ,ua,A0

b
ΓLˇ̄ui,ua,A0

b

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ha

)
ΓL∗ˇ̄uj ,ha,ub

ΓLˇ̄ui,ha,ub

− 1

2

6∑
a=1

9∑
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

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
(287)

• 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,ubmubΓ

R
g̃i,ũ∗a,ub

− 12
(
− 1

2
rMS +B0

(
p2,m2

g̃, 0
))

ΓR∗g̃j ,g,g̃1mg̃Γ
L
g̃i,g,g̃1

(288)

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,ubΓ

R
g̃i,ũ∗a,ub

− 3B1

(
p2,m2

g̃, 0
)

ΓL∗g̃j ,g,g̃1ΓLg̃i,g,g̃1 (289)

ΣL(p2) = −1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

d̃a

)
ΓL∗
g̃j ,d̃∗a,db

ΓL
g̃i,d̃∗a,db

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ũa

)
ΓL∗g̃j ,ũ∗a,ubΓ

L
g̃i,ũ∗a,ub

− 3B1

(
p2,m2

g̃, 0
)

ΓR∗g̃j ,g,g̃1ΓRg̃i,g,g̃1 (290)

• 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− ,m
2
W−

)
+ 2A0

(
m2
W−

)
− 2rMS

(
2m2

W− −
1

3
p2
)

+B0

(
p2,m2

W− ,m
2
W−

)(
2m2

W− + 4p2
))
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+

2∑
a=1

A0

(
m2
H−a

)
ΓZ,Z,H+

a ,H
−
a
− 4

2∑
a=1

2∑
b=1

|ΓZ,H+
a ,H

−
b
|2B00

(
p2,m2

H−a
,m2

H−b

)
+

2∑
a=1

2∑
b=1

[(
|ΓL
Z,χ̃+

a ,χ̃
−
b

|2 + |ΓR
Z,χ̃+

a ,χ̃
−
b

|2
)
H0

(
p2,m2

χ̃−a
,m2

χ̃−b

)
+ 4B0

(
p2,m2

χ̃−a
,m2

χ̃−b

)
mχ̃−a

mχ̃−b
<
(

ΓL∗
Z,χ̃+

a ,χ̃
−
b

ΓR
Z,χ̃+

a ,χ̃
−
b

)]
+

3∑
a=1

A0

(
m2
ν̃a

)
ΓZ,Z,ν̃∗a ,ν̃a − 4

3∑
a=1

3∑
b=1

|ΓZ,ν̃∗a ,ν̃b |
2B00

(
p2,m2

ν̃a ,m
2
ν̃b

)
+ 3

3∑
a=1

3∑
b=1

[(
|ΓLZ,d̄a,db |

2 + |ΓRZ,d̄a,db |
2
)
H0

(
p2,m2

da ,m
2
db

)
+ 4B0

(
p2,m2

da ,m
2
db

)
mdamdb<

(
ΓL∗Z,d̄a,dbΓ

R
Z,d̄a,db

)]
+

3∑
a=1

3∑
b=1

[(
|ΓLZ,ēa,eb |

2 + |ΓRZ,ēa,eb |
2
)
H0

(
p2,m2

ea ,m
2
eb

)
+ 4B0

(
p2,m2

ea ,m
2
eb

)
meameb<

(
ΓL∗Z,ēa,ebΓ

R
Z,ēa,eb

)]
+ 3

3∑
a=1

3∑
b=1

[(
|ΓLZ,ūa,ub |

2 + |ΓRZ,ūa,ub |
2
)
H0

(
p2,m2

ua ,m
2
ub

)
+ 4B0

(
p2,m2

ua ,m
2
ub

)
muamub<

(
ΓL∗Z,ūa,ubΓ

R
Z,ūa,ub

)]
+

3∑
a=1

3∑
b=1

[(
|ΓLZ,ν̄a,νb |

2 + |ΓRZ,ν̄a,νb |
2
)
H0

(
p2,m2

νa ,m
2
νb

)
+ 4B0

(
p2,m2

νa ,m
2
νb

)
mνamνb<

(
ΓL∗Z,ν̄a,νbΓ

R
Z,ν̄a,νb

)]
+

1

2

6∑
a=1

A0

(
m2
A0
a

)
ΓZ,Z,A0

a,A
0
a

+ 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 +

1

2

6∑
a=1

A0

(
m2
ha

)
ΓZ,Z,ha,ha

− 4

6∑
a=1

6∑
b=1

|ΓZ,ha,A0
b
|2B00

(
p2,m2

A0
b
,m2

ha

)
− 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

9∑
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

)]
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+ 2

2∑
b=1

|ΓZ,W+,H−b
|2B0

(
p2,m2

W− ,m
2
H−b

)
+

6∑
b=1

|ΓZ,Z,hb |2B0

(
p2,m2

Z ,m
2
hb

)
+

6∑
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−

)
(291)

• 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− ,m
2
W−

)
+ 2A0

(
m2
W−

)
− 2rMS

(
2m2

W− −
1

3
p2
)

+B0

(
p2,m2

W− ,m
2
W−

)(
2m2

W− + 4p2
))

+

2∑
a=1

A0

(
m2
H−a

)
ΓZ′,Z′,H+

a ,H
−
a
− 4

2∑
a=1

2∑
b=1

|ΓZ′,H+
a ,H

−
b
|2B00

(
p2,m2

H−a
,m2

H−b

)
+

2∑
a=1

2∑
b=1

[(
|ΓL
Z′,χ̃+

a ,χ̃
−
b

|2 + |ΓR
Z′,χ̃+

a ,χ̃
−
b

|2
)
H0

(
p2,m2

χ̃−a
,m2

χ̃−b

)
+ 4B0

(
p2,m2

χ̃−a
,m2

χ̃−b

)
mχ̃−a

mχ̃−b
<
(

ΓL∗
Z′,χ̃+

a ,χ̃
−
b

ΓR
Z′,χ̃+

a ,χ̃
−
b

)]
+

3∑
a=1

A0

(
m2
ν̃a

)
ΓZ′,Z′,ν̃∗a ,ν̃a − 4

3∑
a=1

3∑
b=1

|ΓZ′,ν̃∗a ,ν̃b |
2B00

(
p2,m2

ν̃a ,m
2
ν̃b

)
+ 3

3∑
a=1

3∑
b=1

[(
|ΓLZ′,d̄a,db |

2 + |ΓRZ′,d̄a,db |
2
)
H0

(
p2,m2

da ,m
2
db

)
+ 4B0

(
p2,m2

da ,m
2
db

)
mdamdb<

(
ΓL∗Z′,d̄a,dbΓ

R
Z′,d̄a,db

)]
+

3∑
a=1

3∑
b=1

[(
|ΓLZ′,ēa,eb |

2 + |ΓRZ′,ēa,eb |
2
)
H0

(
p2,m2

ea ,m
2
eb

)
+ 4B0

(
p2,m2

ea ,m
2
eb

)
meameb<

(
ΓL∗Z′,ēa,ebΓ

R
Z′,ēa,eb

)]
+ 3

3∑
a=1

3∑
b=1

[(
|ΓLZ′,ūa,ub |

2 + |ΓRZ′,ūa,ub |
2
)
H0

(
p2,m2

ua ,m
2
ub

)
+ 4B0

(
p2,m2

ua ,m
2
ub

)
muamub<

(
ΓL∗Z′,ūa,ubΓ

R
Z′,ūa,ub

)]
+

3∑
a=1

3∑
b=1

[(
|ΓLZ′,ν̄a,νb |

2 + |ΓRZ′,ν̄a,νb |
2
)
H0

(
p2,m2

νa ,m
2
νb

)
+ 4B0

(
p2,m2

νa ,m
2
νb

)
mνamνb<

(
ΓL∗Z′,ν̄a,νbΓ

R
Z′,ν̄a,νb

)]
+

1

2

6∑
a=1

A0

(
m2
A0
a

)
ΓZ′,Z′,A0

a,A
0
a

+ 3

6∑
a=1

A0

(
m2
d̃a

)
ΓZ′,Z′,d̃∗a,d̃a

+

6∑
a=1

A0

(
m2
ẽa

)
ΓZ′,Z′,ẽ∗a,ẽa
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+ 3

6∑
a=1

A0

(
m2
ũa

)
ΓZ′,Z′,ũ∗a,ũa +

1

2

6∑
a=1

A0

(
m2
ha

)
ΓZ′,Z′,ha,ha

− 4

6∑
a=1

6∑
b=1

|ΓZ′,ha,A0
b
|2B00

(
p2,m2

A0
b
,m2

ha

)
− 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

9∑
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

)]
+ 2

2∑
b=1

|ΓZ′,W+,H−b
|2B0

(
p2,m2

W− ,m
2
H−b

)
+

6∑
b=1

|ΓZ′,Z,hb |2B0

(
p2,m2

Z ,m
2
hb

)
+

6∑
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−

)
(292)

• 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

6∑
b=1

|ΓW+,H−a ,A
0
b
|2B00

(
p2,m2

A0
b
,m2

H−a

)
− 4

2∑
a=1

6∑
b=1

|ΓW+,H−a ,hb
|2B00

(
p2,m2

hb
,m2

H−a

)
− 4

3∑
a=1

6∑
b=1

|ΓW+,ν̃∗a ,ẽb
|2B00

(
p2,m2

ẽb
,m2

ν̃a

)
−A0

(
m2
W−

)(
4Γ1

W−,W+,W+,W− + Γ2
W−,W+,W+,W− + Γ3

W−,W+,W+,W−

)
+

1

2

(
2rMSm2

Z′Γ
1
W−,W+,Z′,Z′ −A0

(
m2
Z′

)(
4Γ1

W−,W+,Z′,Z′ + Γ2
W−,W+,Z′,Z′ + Γ3

W−,W+,Z′,Z′

))
+

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

6∑
a=1

A0

(
m2
A0
a

)
ΓW−,W+,A0

a,A
0
a

+
1

2

6∑
a=1

A0

(
m2
ha

)
ΓW−,W+,ha,ha + |ΓW+,η̄+,ηγ |

2B00

(
p2,m2

ηγ ,m
2
η+

)
+ |ΓW+,η̄+,ηZ′ |

2B00

(
p2,m2

ηZ′
,m2

η+

)
+ |ΓW+,η̄+,ηZ |

2B00

(
p2,m2

ηZ ,m
2
η+

)
+ |ΓW+,η̄γ ,η− |2B00

(
p2,m2

η− ,m
2
ηγ

)
+ |Γ

W+, ¯ηZ′ ,η−
|2B00

(
p2,m2

η− ,m
2
ηZ′

)
+ |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′

))
− |ΓW+,Z,W− |2

(
10B00

(
p2,m2

Z ,m
2
W−

)
− 2rMS

(
− 1

3
p2 +m2

W− +m2
Z

)
+B0

(
p2,m2

Z ,m
2
W−

)(
4p2 +m2

W− +m2
Z

)
+A0

(
m2
W−

)
+A0

(
m2
Z

))
+

2∑
a=1

A0

(
m2
H−a

)
ΓW−,W+,H+

a ,H
−
a

+

3∑
a=1

A0

(
m2
ν̃a

)
ΓW−,W+,ν̃∗a ,ν̃a

+

3∑
a=1

3∑
b=1

[(
|ΓLW+,ν̄a,eb

|2 + |ΓRW+,ν̄a,eb
|2
)
H0

(
p2,m2

νa ,m
2
eb

)
+ 4B0

(
p2,m2

νa ,m
2
eb

)
mebmνa<

(
ΓL∗W+,ν̄a,eb

ΓRW+,ν̄a,eb

)]
+

6∑
a=1

A0

(
m2
ẽa

)
ΓW−,W+,ẽ∗a,ẽa

+

9∑
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

)]
+

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

)
+

2∑
b=1

|ΓW+,Z′,H−b
|2B0

(
p2,m2

Z′ ,m
2
H−b

)
+

6∑
b=1

|ΓW+,W−,hb |
2B0

(
p2,m2

W− ,m
2
hb

)
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8.2 Tadpoles

δt
(1)
h = +A0

(
m2
η−

)
Γȟi,η̄−,η− +A0

(
m2
η+

)
Γȟi,η̄+,η+ +A0

(
m2
ηZ

)
Γȟi,η̄Z ,ηZ

+A0

(
m2
ηZ′

)
Γ
ȟi,

¯ηZ′ ,ηZ′
+ 4Γȟi,W+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γȟi,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
+ 2Γȟi,Z′,Z′

(
− 1

2
rMSm2

Z′ +A0

(
m2
Z′

))
−

2∑
a=1

A0

(
m2
H−a

)
Γȟi,H+

a ,H
−
a

70



+ 2

2∑
a=1

A0

(
m2
χ̃−a

)
mχ̃−a

(
ΓL
ȟi,χ̃

+
a ,χ̃
−
a

+ ΓR
ȟi,χ̃

+
a ,χ̃
−
a

)
−

3∑
a=1

A0

(
m2
ν̃a

)
Γȟi,ν̃∗a ,ν̃a

+ 6

3∑
a=1

A0

(
m2
da

)
mda

(
ΓL
ȟi,d̄a,da

+ ΓR
ȟi,d̄a,da

)
+ 2

3∑
a=1

A0

(
m2
ea

)
mea

(
ΓL
ȟi,ēa,ea

+ ΓR
ȟi,ēa,ea

)
+ 6

3∑
a=1

A0

(
m2
ua

)
mua

(
ΓL
ȟi,ūa,ua

+ ΓR
ȟi,ūa,ua

)
− 1

2

6∑
a=1

A0

(
m2
A0
a

)
Γȟi,A0

a,A
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

6∑
a=1

A0

(
m2
ha

)
Γȟi,ha,ha +

9∑
a=1

A0

(
m2
χ̃0
a

)
mχ̃0

a

(
ΓL
ȟi,χ̃0

a,χ̃
0
a

+ ΓR
ȟi,χ̃0

a,χ̃
0
a

)
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9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

A0
i

A0
j

A0
k

1

6

1√
2

(
− 3T ∗λ

(
ZA,∗i3

(
ZA,∗j1 ZA,∗k2 + ZA,∗j2 ZA,∗k1

)
+ ZA,∗i2

(
ZA,∗j1 ZA,∗k3 + ZA,∗j3 ZA,∗k1

)
+ ZA,∗i1

(
ZA,∗j2 ZA,∗k3 + ZA,∗j3 ZA,∗k2

))
+ T ∗κ

(
ZA,∗i6

(
ZA,∗j4 ZA,∗k5 + ZA,∗j5 ZA,∗k4

)
+ ZA,∗i5

(
ZA,∗j4 ZA,∗k6 + ZA,∗j6 ZA,∗k4

)
+ ZA,∗i4

(
ZA,∗j5 ZA,∗k6 + ZA,∗j6 ZA,∗k5

))
− ZA,∗i6 ZA,∗j5 ZA,∗k4 Tκ − ZA,∗i5 ZA,∗j6 ZA,∗k4 Tκ − ZA,∗i6 ZA,∗j4 ZA,∗k5 Tκ

− ZA,∗i4 ZA,∗j6 ZA,∗k5 Tκ − ZA,∗i5 ZA,∗j4 ZA,∗k6 Tκ − ZA,∗i4 ZA,∗j5 ZA,∗k6 Tκ

+ 3ZA,∗i3 ZA,∗j2 ZA,∗k1 Tλ + 3ZA,∗i2 ZA,∗j3 ZA,∗k1 Tλ + 3ZA,∗i3 ZA,∗j1 ZA,∗k2 Tλ + 3ZA,∗i1 ZA,∗j3 ZA,∗k2 Tλ

+ 3ZA,∗i2 ZA,∗j1 ZA,∗k3 Tλ + 3ZA,∗i1 ZA,∗j2 ZA,∗k3 Tλ

)
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A0
i

A0
j

hk

− i

36

(
9
√

2T ∗λZ
A,∗
i3 ZA,∗j2 ZH,∗k1 + 36g2

pQHdQsvdZ
A,∗
i3 ZA,∗j3 ZH,∗k1

+ 36vd|λ|2ZA,∗i3 ZA,∗j3 ZH,∗k1 + 36g2
pQHdQ1vdZ

A,∗
i4 ZA,∗j4 ZH,∗k1

+ 36g2
pQHdQ2vdZ

A,∗
i5 ZA,∗j5 ZH,∗k1 + 36g2

pQHdQ3vdZ
A,∗
i6 ZA,∗j6 ZH,∗k1

+ 9
√

2T ∗λZ
A,∗
i3 ZA,∗j1 ZH,∗k2 + 36g2

pQHuQsvuZ
A,∗
i3 ZA,∗j3 ZH,∗k2

+ 36vu|λ|2ZA,∗i3 ZA,∗j3 ZH,∗k2 + 36g2
pQHuQ1vuZ

A,∗
i4 ZA,∗j4 ZH,∗k2

+ 36g2
pQHuQ2vuZ

A,∗
i5 ZA,∗j5 ZH,∗k2 + 36g2

pQHuQ3vuZ
A,∗
i6 ZA,∗j6 ZH,∗k2

+ 36g2
pQ

2
svsZ

A,∗
i3 ZA,∗j3 ZH,∗k3 + 36g2

pQsQ1vsZ
A,∗
i4 ZA,∗j4 ZH,∗k3

+ 36g2
pQsQ2vsZ

A,∗
i5 ZA,∗j5 ZH,∗k3 + 36g2

pQsQ3vsZ
A,∗
i6 ZA,∗j6 ZH,∗k3

+ 36g2
pQsQ1v1Z

A,∗
i3 ZA,∗j3 ZH,∗k4 + 36g2

pQ
2
1v1Z

A,∗
i4 ZA,∗j4 ZH,∗k4

+ 36g2
pQ1Q2v1Z

A,∗
i5 ZA,∗j5 ZH,∗k4 + 4v1|κ|2ZA,∗i5 ZA,∗j5 ZH,∗k4 − 3

√
2T ∗κZ

A,∗
i6 ZA,∗j5 ZH,∗k4

− 3
√

2T ∗κZ
A,∗
i5 ZA,∗j6 ZH,∗k4 + 36g2

pQ1Q3v1Z
A,∗
i6 ZA,∗j6 ZH,∗k4 + 4v1|κ|2ZA,∗i6 ZA,∗j6 ZH,∗k4

+ 36g2
pQsQ2v2Z

A,∗
i3 ZA,∗j3 ZH,∗k5 + 36g2

pQ1Q2v2Z
A,∗
i4 ZA,∗j4 ZH,∗k5

+ 4v2|κ|2ZA,∗i4 ZA,∗j4 ZH,∗k5 − 3
√

2T ∗κZ
A,∗
i6 ZA,∗j4 ZH,∗k5 + 36g2

pQ
2
2v2Z

A,∗
i5 ZA,∗j5 ZH,∗k5

− 3
√

2T ∗κZ
A,∗
i4 ZA,∗j6 ZH,∗k5 + 36g2

pQ2Q3v2Z
A,∗
i6 ZA,∗j6 ZH,∗k5 + 4v2|κ|2ZA,∗i6 ZA,∗j6 ZH,∗k5

+ 36g2
pQsQ3v3Z

A,∗
i3 ZA,∗j3 ZH,∗k6 + 36g2

pQ1Q3v3Z
A,∗
i4 ZA,∗j4 ZH,∗k6

+ 4v3|κ|2ZA,∗i4 ZA,∗j4 ZH,∗k6 − 3
√

2T ∗κZ
A,∗
i5 ZA,∗j4 ZH,∗k6 − 3

√
2T ∗κZ

A,∗
i4 ZA,∗j5 ZH,∗k6

+ 36g2
pQ2Q3v3Z

A,∗
i5 ZA,∗j5 ZH,∗k6 + 4v3|κ|2ZA,∗i5 ZA,∗j5 ZH,∗k6

+ 36g2
pQ

2
3v3Z

A,∗
i6 ZA,∗j6 ZH,∗k6 − 3

√
2ZA,∗i6 ZA,∗j5 ZH,∗k4 Tκ − 3

√
2ZA,∗i5 ZA,∗j6 ZH,∗k4 Tκ

− 3
√

2ZA,∗i6 ZA,∗j4 ZH,∗k5 Tκ − 3
√

2ZA,∗i4 ZA,∗j6 ZH,∗k5 Tκ − 3
√

2ZA,∗i5 ZA,∗j4 ZH,∗k6 Tκ

− 3
√

2ZA,∗i4 ZA,∗j5 ZH,∗k6 Tκ + 9
√

2ZA,∗i3 ZA,∗j2 ZH,∗k1 Tλ + 9
√

2ZA,∗i3 ZA,∗j1 ZH,∗k2 Tλ

+ 9ZA,∗i2

(
ZA,∗j2

(
− vd

(
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZH,∗k1 +

(
4g2
pQ

2
Hu + g2

1 + g2
2

)
vuZ

H,∗
k2

+ 4
(
g2
pQHu

(
Q1v1Z

H,∗
k4 +Q2v2Z

H,∗
k5 +Q3v3Z

H,∗
k6

)
+ vs

(
g2
pQHuQs + |λ|2

)
ZH,∗k3

))
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+
√

2
(
ZA,∗j1 ZH,∗k3 + ZA,∗j3 ZH,∗k1

)(
T ∗λ + Tλ

))
+ 9ZA,∗i1

(
ZA,∗j1

((
4g2
pQ

2
Hd

+ g2
1 + g2

2

)
vdZ

H,∗
k1 − vu

(
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZH,∗k2

+ 4
(
g2
pQHd

(
Q1v1Z

H,∗
k4 +Q2v2Z

H,∗
k5 +Q3v3Z

H,∗
k6

)
+ vs

(
g2
pQHdQs + |λ|2

)
ZH,∗k3

))
+
√

2
(
ZA,∗j2 ZH,∗k3 + ZA,∗j3 ZH,∗k2

)(
T ∗λ + Tλ

)))
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A0
i

hj

hk

1

6

1√
2

(
3T ∗λ

(
ZA,∗i3

(
ZH,∗j1 ZH,∗k2 + ZH,∗j2 ZH,∗k1

)
+ ZA,∗i2

(
ZH,∗j1 ZH,∗k3 + ZH,∗j3 ZH,∗k1

)
+ ZA,∗i1

(
ZH,∗j2 ZH,∗k3 + ZH,∗j3 ZH,∗k2

))
− T ∗κ

(
ZA,∗i6

(
ZH,∗j4 ZH,∗k5 + ZH,∗j5 ZH,∗k4

)
+ ZA,∗i5

(
ZH,∗j4 ZH,∗k6 + ZH,∗j6 ZH,∗k4

)
+ ZA,∗i4

(
ZH,∗j5 ZH,∗k6 + ZH,∗j6 ZH,∗k5

))
+ ZA,∗i6 ZH,∗j5 ZH,∗k4 Tκ + ZA,∗i5 ZH,∗j6 ZH,∗k4 Tκ + ZA,∗i6 ZH,∗j4 ZH,∗k5 Tκ + ZA,∗i4 ZH,∗j6 ZH,∗k5 Tκ

+ ZA,∗i5 ZH,∗j4 ZH,∗k6 Tκ + ZA,∗i4 ZH,∗j5 ZH,∗k6 Tκ − 3ZA,∗i3 ZH,∗j2 ZH,∗k1 Tλ − 3ZA,∗i2 ZH,∗j3 ZH,∗k1 Tλ

− 3ZA,∗i3 ZH,∗j1 ZH,∗k2 Tλ − 3ZA,∗i1 ZH,∗j3 ZH,∗k2 Tλ − 3ZA,∗i2 ZH,∗j1 ZH,∗k3 Tλ

− 3ZA,∗i1 ZH,∗j2 ZH,∗k3 Tλ

)
(297)

A0
i

H−j

H+
k

73



1

4

(
vu

(
− 2|λ|2 + g2

2

)
ZA,∗i1

(
− Z+

j1Z
+
k2 + Z+

j2Z
+
k1

)
+ vd

(
− 2|λ|2 + g2

2

)
ZA,∗i2

(
− Z+

j1Z
+
k2 + Z+

j2Z
+
k1

)
+ 2
√

2ZA,∗i3

(
TλZ

+
j1Z

+
k2 − T

∗
λZ

+
j2Z

+
k1

))
(298)

A0
i

d̃jβ

d̃∗kγ

1

2
δβγ

(
λ∗
(
vsZ

A,∗
i2 + vuZ

A,∗
i3

) 3∑
b=1

ZD,∗jb

3∑
a=1

Yd,abZ
D
k3+a

− λ
(
vsZ

A,∗
i2 + vuZ

A,∗
i3

) 3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
j3+aZ

D
kb

+
√

2ZA,∗i1

(
−

3∑
b=1

3∑
a=1

ZD,∗j3+aT
∗
d,abZ

D
kb +

3∑
b=1

ZD,∗jb

3∑
a=1

ZDk3+aTd,ab

))
(299)

A0
i

ẽj

ẽ∗k

1

2

(
λ∗
(
vsZ

A,∗
i2 + vuZ

A,∗
i3

) 3∑
b=1

ZE,∗jb

3∑
a=1

Ye,abZ
E
k3+a

− λ
(
vsZ

A,∗
i2 + vuZ

A,∗
i3

) 3∑
b=1

3∑
a=1

Y ∗e,abZ
E,∗
j3+aZ

E
kb

+
√

2ZA,∗i1

(
−

3∑
b=1

3∑
a=1

ZE,∗j3+aT
∗
e,abZ

E
kb +

3∑
b=1

ZE,∗jb

3∑
a=1

ZEk3+aTe,ab

))
(300)
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A0
i

ũjβ

ũ∗kγ

1

2
δβγ

(
λ∗
(
vdZ

A,∗
i3 + vsZ

A,∗
i1

) 3∑
b=1

ZU,∗jb

3∑
a=1

Yu,abZ
U
k3+a

− λ
(
vdZ

A,∗
i3 + vsZ

A,∗
i1

) 3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
j3+aZ

U
kb

+
√

2ZA,∗i2

(
−

3∑
b=1

3∑
a=1

ZU,∗j3+aT
∗
u,abZ

U
kb +

3∑
b=1

ZU,∗jb

3∑
a=1

ZUk3+aTu,ab

))
(301)

hi

hj

hk

− i

36

(
36g2

pQHdQsvsZ
H,∗
i3 ZH,∗j1 ZH,∗k1 + 36vs|λ|2ZH,∗i3 ZH,∗j1 ZH,∗k1

+ 36g2
pQHdQ1v1Z

H,∗
i4 ZH,∗j1 ZH,∗k1 + 36g2

pQHdQ2v2Z
H,∗
i5 ZH,∗j1 ZH,∗k1

+ 36g2
pQHdQ3v3Z

H,∗
i6 ZH,∗j1 ZH,∗k1 − 9

√
2T ∗λZ

H,∗
i3 ZH,∗j2 ZH,∗k1

+ 36g2
pQHdQsvdZ

H,∗
i3 ZH,∗j3 ZH,∗k1 + 36vd|λ|2ZH,∗i3 ZH,∗j3 ZH,∗k1

+ 36g2
pQHdQ1vdZ

H,∗
i4 ZH,∗j4 ZH,∗k1 + 36g2

pQHdQ2vdZ
H,∗
i5 ZH,∗j5 ZH,∗k1

+ 36g2
pQHdQ3vdZ

H,∗
i6 ZH,∗j6 ZH,∗k1 − 9

√
2T ∗λZ

H,∗
i3 ZH,∗j1 ZH,∗k2

+ 36g2
pQHuQsvsZ

H,∗
i3 ZH,∗j2 ZH,∗k2 + 36vs|λ|2ZH,∗i3 ZH,∗j2 ZH,∗k2

+ 36g2
pQHuQ1v1Z

H,∗
i4 ZH,∗j2 ZH,∗k2 + 36g2

pQHuQ2v2Z
H,∗
i5 ZH,∗j2 ZH,∗k2

+ 36g2
pQHuQ3v3Z

H,∗
i6 ZH,∗j2 ZH,∗k2 + 36g2

pQHuQsvuZ
H,∗
i3 ZH,∗j3 ZH,∗k2
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+ 36vu|λ|2ZH,∗i3 ZH,∗j3 ZH,∗k2 + 36g2
pQHuQ1vuZ

H,∗
i4 ZH,∗j4 ZH,∗k2

+ 36g2
pQHuQ2vuZ

H,∗
i5 ZH,∗j5 ZH,∗k2 + 36g2

pQHuQ3vuZ
H,∗
i6 ZH,∗j6 ZH,∗k2

+ 36g2
pQHdQsvdZ

H,∗
i3 ZH,∗j1 ZH,∗k3 + 36vd|λ|2ZH,∗i3 ZH,∗j1 ZH,∗k3

+ 36g2
pQHuQsvuZ

H,∗
i3 ZH,∗j2 ZH,∗k3 + 36vu|λ|2ZH,∗i3 ZH,∗j2 ZH,∗k3

+ 108g2
pQ

2
svsZ

H,∗
i3 ZH,∗j3 ZH,∗k3 + 36g2

pQsQ1v1Z
H,∗
i4 ZH,∗j3 ZH,∗k3

+ 36g2
pQsQ2v2Z

H,∗
i5 ZH,∗j3 ZH,∗k3 + 36g2

pQsQ3v3Z
H,∗
i6 ZH,∗j3 ZH,∗k3

+ 36g2
pQsQ1v1Z

H,∗
i3 ZH,∗j4 ZH,∗k3 + 36g2

pQsQ1vsZ
H,∗
i4 ZH,∗j4 ZH,∗k3

+ 36g2
pQsQ2v2Z

H,∗
i3 ZH,∗j5 ZH,∗k3 + 36g2

pQsQ2vsZ
H,∗
i5 ZH,∗j5 ZH,∗k3

+ 36g2
pQsQ3v3Z

H,∗
i3 ZH,∗j6 ZH,∗k3 + 36g2

pQsQ3vsZ
H,∗
i6 ZH,∗j6 ZH,∗k3

+ 36g2
pQHdQ1vdZ

H,∗
i4 ZH,∗j1 ZH,∗k4 + 36g2

pQHuQ1vuZ
H,∗
i4 ZH,∗j2 ZH,∗k4

+ 36g2
pQsQ1v1Z

H,∗
i3 ZH,∗j3 ZH,∗k4 + 36g2

pQsQ1vsZ
H,∗
i4 ZH,∗j3 ZH,∗k4

+ 36g2
pQsQ1vsZ

H,∗
i3 ZH,∗j4 ZH,∗k4 + 108g2

pQ
2
1v1Z

H,∗
i4 ZH,∗j4 ZH,∗k4

+ 36g2
pQ1Q2v2Z

H,∗
i5 ZH,∗j4 ZH,∗k4 + 4v2|κ|2ZH,∗i5 ZH,∗j4 ZH,∗k4

+ 36g2
pQ1Q3v3Z

H,∗
i6 ZH,∗j4 ZH,∗k4 + 4v3|κ|2ZH,∗i6 ZH,∗j4 ZH,∗k4

+ 36g2
pQ1Q2v2Z

H,∗
i4 ZH,∗j5 ZH,∗k4 + 4v2|κ|2ZH,∗i4 ZH,∗j5 ZH,∗k4

+ 36g2
pQ1Q2v1Z

H,∗
i5 ZH,∗j5 ZH,∗k4 + 4v1|κ|2ZH,∗i5 ZH,∗j5 ZH,∗k4 + 3

√
2T ∗κZ

H,∗
i6 ZH,∗j5 ZH,∗k4

+ 36g2
pQ1Q3v3Z

H,∗
i4 ZH,∗j6 ZH,∗k4 + 4v3|κ|2ZH,∗i4 ZH,∗j6 ZH,∗k4 + 3

√
2T ∗κZ

H,∗
i5 ZH,∗j6 ZH,∗k4

+ 36g2
pQ1Q3v1Z

H,∗
i6 ZH,∗j6 ZH,∗k4 + 4v1|κ|2ZH,∗i6 ZH,∗j6 ZH,∗k4

+ 36g2
pQHdQ2vdZ

H,∗
i5 ZH,∗j1 ZH,∗k5 + 36g2

pQHuQ2vuZ
H,∗
i5 ZH,∗j2 ZH,∗k5

+ 36g2
pQsQ2v2Z

H,∗
i3 ZH,∗j3 ZH,∗k5 + 36g2

pQsQ2vsZ
H,∗
i5 ZH,∗j3 ZH,∗k5

+ 36g2
pQ1Q2v2Z

H,∗
i4 ZH,∗j4 ZH,∗k5 + 4v2|κ|2ZH,∗i4 ZH,∗j4 ZH,∗k5

+ 36g2
pQ1Q2v1Z

H,∗
i5 ZH,∗j4 ZH,∗k5 + 4v1|κ|2ZH,∗i5 ZH,∗j4 ZH,∗k5 + 3

√
2T ∗κZ

H,∗
i6 ZH,∗j4 ZH,∗k5

+ 36g2
pQsQ2vsZ

H,∗
i3 ZH,∗j5 ZH,∗k5 + 36g2

pQ1Q2v1Z
H,∗
i4 ZH,∗j5 ZH,∗k5

+ 4v1|κ|2ZH,∗i4 ZH,∗j5 ZH,∗k5 + 108g2
pQ

2
2v2Z

H,∗
i5 ZH,∗j5 ZH,∗k5

+ 36g2
pQ2Q3v3Z

H,∗
i6 ZH,∗j5 ZH,∗k5 + 4v3|κ|2ZH,∗i6 ZH,∗j5 ZH,∗k5 + 3

√
2T ∗κZ

H,∗
i4 ZH,∗j6 ZH,∗k5

+ 36g2
pQ2Q3v3Z

H,∗
i5 ZH,∗j6 ZH,∗k5 + 4v3|κ|2ZH,∗i5 ZH,∗j6 ZH,∗k5

+ 36g2
pQ2Q3v2Z

H,∗
i6 ZH,∗j6 ZH,∗k5 + 4v2|κ|2ZH,∗i6 ZH,∗j6 ZH,∗k5

+ 36g2
pQHdQ3vdZ

H,∗
i6 ZH,∗j1 ZH,∗k6 + 36g2

pQHuQ3vuZ
H,∗
i6 ZH,∗j2 ZH,∗k6

+ 36g2
pQsQ3v3Z

H,∗
i3 ZH,∗j3 ZH,∗k6 + 36g2

pQsQ3vsZ
H,∗
i6 ZH,∗j3 ZH,∗k6

+ 36g2
pQ1Q3v3Z

H,∗
i4 ZH,∗j4 ZH,∗k6 + 4v3|κ|2ZH,∗i4 ZH,∗j4 ZH,∗k6 + 3

√
2T ∗κZ

H,∗
i5 ZH,∗j4 ZH,∗k6

+ 36g2
pQ1Q3v1Z

H,∗
i6 ZH,∗j4 ZH,∗k6 + 4v1|κ|2ZH,∗i6 ZH,∗j4 ZH,∗k6 + 3

√
2T ∗κZ

H,∗
i4 ZH,∗j5 ZH,∗k6
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+ 36g2
pQ2Q3v3Z

H,∗
i5 ZH,∗j5 ZH,∗k6 + 4v3|κ|2ZH,∗i5 ZH,∗j5 ZH,∗k6

+ 36g2
pQ2Q3v2Z

H,∗
i6 ZH,∗j5 ZH,∗k6 + 4v2|κ|2ZH,∗i6 ZH,∗j5 ZH,∗k6

+ 36g2
pQsQ3vsZ

H,∗
i3 ZH,∗j6 ZH,∗k6 + 36g2

pQ1Q3v1Z
H,∗
i4 ZH,∗j6 ZH,∗k6

+ 4v1|κ|2ZH,∗i4 ZH,∗j6 ZH,∗k6 + 36g2
pQ2Q3v2Z

H,∗
i5 ZH,∗j6 ZH,∗k6

+ 4v2|κ|2ZH,∗i5 ZH,∗j6 ZH,∗k6 + 108g2
pQ

2
3v3Z

H,∗
i6 ZH,∗j6 ZH,∗k6 + 3

√
2ZH,∗i6 ZH,∗j5 ZH,∗k4 Tκ

+ 3
√

2ZH,∗i5 ZH,∗j6 ZH,∗k4 Tκ + 3
√

2ZH,∗i6 ZH,∗j4 ZH,∗k5 Tκ + 3
√

2ZH,∗i4 ZH,∗j6 ZH,∗k5 Tκ

+ 3
√

2ZH,∗i5 ZH,∗j4 ZH,∗k6 Tκ + 3
√

2ZH,∗i4 ZH,∗j5 ZH,∗k6 Tκ − 9
√

2ZH,∗i3 ZH,∗j2 ZH,∗k1 Tλ

− 9
√

2ZH,∗i3 ZH,∗j1 ZH,∗k2 Tλ

− 9ZH,∗i2

(√
2T ∗λZ

H,∗
j3 ZH,∗k1 − 4g2

pQHuQsvsZ
H,∗
j3 ZH,∗k2 − 4vs|λ|2ZH,∗j3 ZH,∗k2

− 4g2
pQHuQ1v1Z

H,∗
j4 ZH,∗k2 − 4g2

pQHuQ2v2Z
H,∗
j5 ZH,∗k2 − 4g2

pQHuQ3v3Z
H,∗
j6 ZH,∗k2

− 4g2
pQHuQsvuZ

H,∗
j3 ZH,∗k3 − 4vu|λ|2ZH,∗j3 ZH,∗k3 − 4g2

pQHuQ1vuZ
H,∗
j4 ZH,∗k4

− 4g2
pQHuQ2vuZ

H,∗
j5 ZH,∗k5 − 4g2

pQHuQ3vuZ
H,∗
j6 ZH,∗k6

+ ZH,∗j2

(
vd

(
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZH,∗k1 − 3

(
4g2
pQ

2
Hu + g2

1 + g2
2

)
vuZ

H,∗
k2

− 4
(
g2
pQHu

(
Q1v1Z

H,∗
k4 +Q2v2Z

H,∗
k5 +Q3v3Z

H,∗
k6

)
+ vs

(
g2
pQHuQs + |λ|2

)
ZH,∗k3

))
+
√

2ZH,∗j3 ZH,∗k1 Tλ

+ ZH,∗j1

(
vu

(
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZH,∗k1 + vd

(
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZH,∗k2

+
√

2ZH,∗k3

(
T ∗λ + Tλ

)))
+ 9ZH,∗i1

(
4g2
pQHdQsvsZ

H,∗
j3 ZH,∗k1 + 4vs|λ|2ZH,∗j3 ZH,∗k1 + 4g2

pQHdQ1v1Z
H,∗
j4 ZH,∗k1

+ 4g2
pQHdQ2v2Z

H,∗
j5 ZH,∗k1 + 4g2

pQHdQ3v3Z
H,∗
j6 ZH,∗k1 −

√
2T ∗λZ

H,∗
j3 ZH,∗k2

+ 4g2
pQHdQsvdZ

H,∗
j3 ZH,∗k3 + 4vd|λ|2ZH,∗j3 ZH,∗k3 + 4g2

pQHdQ1vdZ
H,∗
j4 ZH,∗k4

+ 4g2
pQHdQ2vdZ

H,∗
j5 ZH,∗k5 + 4g2

pQHdQ3vdZ
H,∗
j6 ZH,∗k6

+ ZH,∗j1

(
3
(

4g2
pQ

2
Hd

+ g2
1 + g2

2

)
vdZ

H,∗
k1 − vu

(
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZH,∗k2

+ 4
(
g2
pQHd

(
Q1v1Z

H,∗
k4 +Q2v2Z

H,∗
k5 +Q3v3Z

H,∗
k6

)
+ vs

(
g2
pQHdQs + |λ|2

)
ZH,∗k3

))
−
√

2ZH,∗j3 ZH,∗k2 Tλ

− ZH,∗j2

(
vu

(
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZH,∗k1 + vd

(
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZH,∗k2

+
√

2ZH,∗k3

(
T ∗λ + Tλ

))))
(302)
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hi

H−j

H+
k

− i

4

(
ZH,∗i2

(
Z+
j2

((
4g2
pQ

2
Hu + g2

1 + g2
2

)
vuZ

+
k2 + vd

(
− 2|λ|2 + g2

2

)
Z+
k1

)
+ Z+

j1

((
4g2
pQHdQHu − g2

1 + g2
2

)
vuZ

+
k1 + vd

(
− 2|λ|2 + g2

2

)
Z+
k2

))
+ ZH,∗i1

(
Z+
j2

((
4g2
pQHdQHu − g2

1 + g2
2

)
vdZ

+
k2 + vu

(
− 2|λ|2 + g2

2

)
Z+
k1

)
+ Z+

j1

((
4g2
pQ

2
Hd

+ g2
1 + g2

2

)
vdZ

+
k1 + vu

(
− 2|λ|2 + g2

2

)
Z+
k2

))
+ 2
(

2g2
p

(
Q1v1Z

H,∗
i4 +Q2v2Z

H,∗
i5 +Q3v3Z

H,∗
i6

)(
QHdZ

+
j1Z

+
k1 +QHuZ

+
j2Z

+
k2

)
+ ZH,∗i3

(
Z+
j2

(
2vs

(
g2
pQHuQs + |λ|2

)
Z+
k2 +

√
2T ∗λZ

+
k1

)
+ Z+

j1

(
2vs

(
g2
pQHdQs + |λ|2

)
Z+
k1 +

√
2TλZ

+
k2

))))
(303)

hi

d̃jβ

d̃∗kγ

i

12
δβγ

(
− ZH,∗i2

((
3
(

4g2
pQHuQq + g2

2

)
+ g2

1

)
vu

3∑
a=1

ZD,∗ja ZDka

+ 2
((

6g2
pQdQHu + g2

1

)
vu

3∑
a=1

ZD,∗j3+aZ
D
k3+a

− 3vs

(
λ

3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
j3+aZ

D
kb + λ∗

3∑
b=1

ZD,∗jb

3∑
a=1

Yd,abZ
D
k3+a

)))
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− 6
(

2g2
p

(
Q1v1Z

H,∗
i4 +Q2v2Z

H,∗
i5 +Q3v3Z

H,∗
i6

)(
Qd

3∑
a=1

ZD,∗j3+aZ
D
k3+a +Qq

3∑
a=1

ZD,∗ja ZDka

)
+ ZH,∗i3

(
2g2
pQqQsvs

3∑
a=1

ZD,∗ja ZDka + 2g2
pQdQsvs

3∑
a=1

ZD,∗j3+aZ
D
k3+a

− vu
(
λ

3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
j3+aZ

D
kb + λ∗

3∑
b=1

ZD,∗jb

3∑
a=1

Yd,abZ
D
k3+a

)))
+ ZH,∗i1

((
3
(
− 4g2

pQHdQq + g2
2

)
+ g2

1

)
vd

3∑
a=1

ZD,∗ja ZDka

+ 2
((
− 6g2

pQdQHd + g2
1

)
vd

3∑
a=1

ZD,∗j3+aZ
D
k3+a

− 3
(√

2

3∑
b=1

ZD,∗jb

3∑
a=1

ZDk3+aTd,ab +
√

2

3∑
b=1

3∑
a=1

ZD,∗j3+aT
∗
d,abZ

D
kb

+ 2vd

( 3∑
c=1

ZD,∗j3+c

3∑
b=1

3∑
a=1

Y ∗d,caYd,baZ
D
k3+b +

3∑
c=1

3∑
b=1

ZD,∗jb

3∑
a=1

Y ∗d,acYd,abZ
D
kc

)))))
(304)

hi

ẽj

ẽ∗k

− i

4

(
4g2
pQlQsvsZ

H,∗
i3

3∑
a=1

ZE,∗ja ZEka + 4g2
pQlQ1v1Z

H,∗
i4

3∑
a=1

ZE,∗ja ZEka

+ 4g2
pQlQ2v2Z

H,∗
i5

3∑
a=1

ZE,∗ja ZEka + 4g2
pQlQ3v3Z

H,∗
i6

3∑
a=1

ZE,∗ja ZEka

+ 4g2
pQeQsvsZ

H,∗
i3

3∑
a=1

ZE,∗j3+aZ
E
k3+a + 4g2

pQeQ1v1Z
H,∗
i4

3∑
a=1

ZE,∗j3+aZ
E
k3+a

+ 4g2
pQeQ2v2Z

H,∗
i5

3∑
a=1

ZE,∗j3+aZ
E
k3+a + 4g2

pQeQ3v3Z
H,∗
i6

3∑
a=1

ZE,∗j3+aZ
E
k3+a

− 2vuλ
∗ZH,∗i3

3∑
b=1

ZE,∗jb

3∑
a=1

Ye,abZ
E
k3+a − 2vuλZ

H,∗
i3

3∑
b=1

3∑
a=1

Y ∗e,abZ
E,∗
j3+aZ

E
kb
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+ ZH,∗i2

((
4g2
pQHuQl − g2

1 + g2
2

)
vu

3∑
a=1

ZE,∗ja ZEka + 2
(

2g2
pQeQHu + g2

1

)
vu

3∑
a=1

ZE,∗j3+aZ
E
k3+a

− 2vs

(
λ

3∑
b=1

3∑
a=1

Y ∗e,abZ
E,∗
j3+aZ

E
kb + λ∗

3∑
b=1

ZE,∗jb

3∑
a=1

Ye,abZ
E
k3+a

))
+ ZH,∗i1

((
4g2
pQHdQl − g2

2 + g2
1

)
vd

3∑
a=1

ZE,∗ja ZEka

+ 2
(
−
(
− 2g2

pQeQHd + g2
1

)
vd

3∑
a=1

ZE,∗j3+aZ
E
k3+a +

√
2

3∑
b=1

ZE,∗jb

3∑
a=1

ZEk3+aTe,ab

+
√

2

3∑
b=1

3∑
a=1

ZE,∗j3+aT
∗
e,abZ

E
kb + 2vd

3∑
c=1

ZE,∗j3+c

3∑
b=1

3∑
a=1

Y ∗e,caYe,baZ
E
k3+b

+ 2vd

3∑
c=1

3∑
b=1

ZE,∗jb

3∑
a=1

Y ∗e,acYe,abZ
E
kc

)))
(305)

hi

ũjβ

ũ∗kγ

i

12
δβγ

(
ZH,∗i1

((
− 3
(

4g2
pQHdQq + g2

2

)
+ g2

1

)
vd

3∑
a=1

ZU,∗ja Z
U
ka − 4

(
3g2
pQHdQu + g2

1

)
vd

3∑
a=1

ZU,∗j3+aZ
U
k3+a

+ 6vs

(
λ

3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
j3+aZ

U
kb + λ∗

3∑
b=1

ZU,∗jb

3∑
a=1

Yu,abZ
U
k3+a

))
− 6
(

2g2
p

(
Q1v1Z

H,∗
i4 +Q2v2Z

H,∗
i5 +Q3v3Z

H,∗
i6

)(
Qq

3∑
a=1

ZU,∗ja Z
U
ka +Qu

3∑
a=1

ZU,∗j3+aZ
U
k3+a

)
+ ZH,∗i3

(
2g2
pQqQsvs

3∑
a=1

ZU,∗ja Z
U
ka + 2g2

pQsQuvs

3∑
a=1

ZU,∗j3+aZ
U
k3+a

− vd
(
λ

3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
j3+aZ

U
kb + λ∗

3∑
b=1

ZU,∗jb

3∑
a=1

Yu,abZ
U
k3+a

)))
− ZH,∗i2

((
12g2

pQHuQq − 3g2
2 + g2

1

)
vu

3∑
a=1

ZU,∗ja Z
U
ka
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+ 2
(
− 2
(
− 3g2

pQHuQu + g2
1

)
vu

3∑
a=1

ZU,∗j3+aZ
U
k3+a

+ 3
(√

2

3∑
b=1

ZU,∗jb

3∑
a=1

ZUk3+aTu,ab +
√

2

3∑
b=1

3∑
a=1

ZU,∗j3+aT
∗
u,abZ

U
kb

+ 2vu

( 3∑
c=1

ZU,∗j3+c

3∑
b=1

3∑
a=1

Y ∗u,caYu,baZ
U
k3+b +

3∑
c=1

3∑
b=1

ZU,∗jb

3∑
a=1

Y ∗u,acYu,abZ
U
kc

)))))
(306)

hi

ν̃j

ν̃∗k

− i

4

((
4g2
pQHdQl + g2

1 + g2
2

)
vdZ

H,∗
i1 −

(
− 4g2

pQHuQl + g2
1 + g2

2

)
vuZ

H,∗
i2

+ 4g2
pQl

(
Q1v1Z

H,∗
i4 +Q2v2Z

H,∗
i5 +Q3v3Z

H,∗
i6 +QsvsZ

H,∗
i3

))
δjk (307)

H−i

ũjβ

d̃∗kγ

− i

4
δβγ

(√
2g2

2

3∑
a=1

ZU,∗ja Z
D
ka

(
vdZ

+
i1 + vuZ

+
i2

)
− 2
(

2

3∑
b=1

ZU,∗jb

3∑
a=1

ZDk3+aTd,abZ
+
i1 +
√

2vsλ

3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
j3+aZ

D
kbZ

+
i1

+
√

2vu

3∑
c=1

ZU,∗j3+c

3∑
b=1

3∑
a=1

Y ∗u,caYd,baZ
D
k3+bZ

+
i1

81



+
√

2vd

3∑
c=1

3∑
b=1

ZU,∗jb

3∑
a=1

Y ∗d,acYd,abZ
D
kcZ

+
i1 +
√

2vsλ
∗

3∑
b=1

ZU,∗jb

3∑
a=1

Yd,abZ
D
k3+aZ

+
i2

+ 2

3∑
b=1

3∑
a=1

ZU,∗j3+aT
∗
u,abZ

D
kbZ

+
i2 +
√

2vd

3∑
c=1

ZU,∗j3+c

3∑
b=1

3∑
a=1

Y ∗u,caYd,baZ
D
k3+bZ

+
i2

+
√

2vu

3∑
c=1

3∑
b=1

ZU,∗jb

3∑
a=1

Y ∗u,acYu,abZ
D
kcZ

+
i2

))
(308)

H−i

ν̃j

ẽ∗k

− i

4

(√
2g2

2

3∑
a=1

ZV,∗ja Z
E
ka

(
vdZ

+
i1 + vuZ

+
i2

)
− 2
(

2

3∑
b=1

ZV,∗jb

3∑
a=1

ZEk3+aTe,abZ
+
i1

+
√

2
(
vd

3∑
c=1

3∑
b=1

ZV,∗jb

3∑
a=1

Y ∗e,acYe,abZ
E
kcZ

+
i1 + vsλ

∗
3∑
b=1

ZV,∗jb

3∑
a=1

Ye,abZ
E
k3+aZ

+
i2

)))
(309)

d̃iα

H+
j

ũ∗kγ

− i

4
δαγ

(√
2g2

2

3∑
a=1

ZD,∗ia ZUka

(
vdZ

+
j1 + vuZ

+
j2

)
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− 2
(√

2vsλ
∗

3∑
b=1

ZD,∗ib

3∑
a=1

Yu,abZ
U
k3+aZ

+
j1 + 2

3∑
b=1

3∑
a=1

ZD,∗i3+aT
∗
d,abZ

U
kbZ

+
j1

+
√

2vu

3∑
c=1

ZD,∗i3+c

3∑
b=1

3∑
a=1

Y ∗d,caYu,baZ
U
k3+bZ

+
j1

+
√

2vd

3∑
c=1

3∑
b=1

ZD,∗ib

3∑
a=1

Y ∗d,acYd,abZ
U
kcZ

+
j1 + 2

3∑
b=1

ZD,∗ib

3∑
a=1

ZUk3+aTu,abZ
+
j2

+
√

2vsλ

3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
i3+aZ

U
kbZ

+
j2 +

√
2vd

3∑
c=1

ZD,∗i3+c

3∑
b=1

3∑
a=1

Y ∗d,caYu,baZ
U
k3+bZ

+
j2

+
√

2vu

3∑
c=1

3∑
b=1

ZD,∗ib

3∑
a=1

Y ∗u,acYu,abZ
U
kcZ

+
j2

))
(310)

ẽi

H+
j

ν̃∗k

− i

4

(√
2g2

2

3∑
a=1

ZE,∗ia ZVka

(
vdZ

+
j1 + vuZ

+
j2

)
− 2
(

2

3∑
b=1

3∑
a=1

ZE,∗i3+aT
∗
e,abZ

V
kbZ

+
j1

+
√

2
(
vd

3∑
c=1

3∑
b=1

ZE,∗ib

3∑
a=1

Y ∗e,acYe,abZ
V
kcZ

+
j1 + vsλ

3∑
b=1

3∑
a=1

Y ∗e,abZ
E,∗
i3+aZ

V
kbZ

+
j2

)))
(311)
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9.2 Two Scalar-One Vector Boson-Interaction

A0
i

hj

Zµ

1

2

(
2gp

(
Q1Z

A,∗
i4 ZH,∗j4 +Q2Z

A,∗
i5 ZH,∗j5 +Q3Z

A,∗
i6 ZH,∗j6 +QsZ

A,∗
i3 ZH,∗j3

)
sin Θ′W

+ ZA,∗i1 ZH,∗j1

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
− ZA,∗i2 ZH,∗j2

(
− 2gpQHu sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

))(
− phjµ + p

A0
i

µ

)
(312)

A0
i

hj

Z ′µ

1

2

(
2gp

(
Q1Z

A,∗
i4 ZH,∗j4 +Q2Z

A,∗
i5 ZH,∗j5 +Q3Z

A,∗
i6 ZH,∗j6 +QsZ

A,∗
i3 ZH,∗j3

)
cos Θ′W

+ ZA,∗i2 ZH,∗j2

(
2gpQHu cos Θ′W + g1 sin ΘW sin Θ′W + g2 cos ΘW sin Θ′W

)
+ ZA,∗i1 ZH,∗j1

(
2gpQHd cos Θ′W −

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

))(
− phjµ + p

A0
i

µ

)
(313)

A0
i

H−j

W+
µ
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1

2
g2

(
ZA,∗i1 Z+

j1 + ZA,∗i2 Z+
j2

)(
− pH

−
j

µ + p
A0
i

µ

)
(314)

A0
i

H+
j

W−µ

1

2
g2

(
ZA,∗i1 Z+

j1 + ZA,∗i2 Z+
j2

)(
− pH

+
j

µ + p
A0
i

µ

)
(315)

hi

H−j

W+
µ

i

2
g2

(
ZH,∗i1 Z+

j1 − Z
H,∗
i2 Z+

j2

)(
− pH

−
j

µ + phiµ

)
(316)

hi

H+
j

W−µ

− i

2
g2

(
ZH,∗i1 Z+

j1 − Z
H,∗
i2 Z+

j2

)(
− pH

+
j

µ + phiµ

)
(317)
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H−i

H+
j

γµ

i

2

(
g1 cos ΘW + g2 sin ΘW

)(
Z+
i1Z

+
j1 + Z+

i2Z
+
j2

)(
− pH

+
j

µ + p
H−i
µ

)
(318)

H−i

H+
j

Zµ

i

2

((
− 2gpQHd sin Θ′W − g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Z+
i1Z

+
j1

+
(

2gpQHu sin Θ′W − g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Z+
i2Z

+
j2

)(
− pH

+
j

µ + p
H−i
µ

)
(319)

H−i

H+
j

Z ′µ

− i

2

((
2gpQHd cos Θ′W +

(
− g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Z+
i1Z

+
j1

+
(
− 2gpQHu cos Θ′W +

(
− g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Z+
i2Z

+
j2

)(
− pH

+
j

µ + p
H−i
µ

)
(320)
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d̃iα

d̃∗jβ

gγµ

− i

2
g3δijλ

γ
β,α

(
− pd̃

∗
jβ
µ + pd̃iαµ

)
(321)

d̃iα

d̃∗jβ

γµ

− i

6
δαβ

(
− 2g1 cos ΘW

3∑
a=1

ZD,∗i3+aZ
D
j3+a +

(
− 3g2 sin ΘW + g1 cos ΘW

) 3∑
a=1

ZD,∗ia ZDja

)(
− pd̃

∗
jβ
µ + pd̃iαµ

)
(322)

d̃iα

d̃∗jβ

Zµ

i

6
δαβ

((
3g2 cos ΘW cos Θ′W − 6gpQq sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZD,∗ia ZDja

− 2
(
− 3gpQd sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZD,∗i3+aZ
D
j3+a

)(
− pd̃

∗
jβ
µ + pd̃iαµ

)
(323)
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d̃iα

d̃∗jβ

Z ′µ

− i

6
δαβ

(((
3g2 cos ΘW + g1 sin ΘW

)
sin Θ′W + 6gpQq cos Θ′W

) 3∑
a=1

ZD,∗ia ZDja

− 2
(

3gpQd cos Θ′W + g1 sin ΘW sin Θ′W

) 3∑
a=1

ZD,∗i3+aZ
D
j3+a

)(
− pd̃

∗
jβ
µ + pd̃iαµ

)
(324)

d̃iα

ũ∗jβ

W+
µ

− i 1√
2
g2δαβ

3∑
a=1

ZD,∗ia ZUja

(
− pũ

∗
jβ
µ + pd̃iαµ

)
(325)

ẽi

ẽ∗j

γµ

i

2

(
2g1 cos ΘW

3∑
a=1

ZE,∗i3+aZ
E
j3+a +

(
g1 cos ΘW + g2 sin ΘW

) 3∑
a=1

ZE,∗ia ZEja

)(
− pẽ

∗
j
µ + pẽiµ

)
(326)
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ẽi

ẽ∗j

Zµ

i

2

((
− 2gpQl sin Θ′W − g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

) 3∑
a=1

ZE,∗ia ZEja

+ 2
(
− g1 cos Θ′W sin ΘW + gpQe sin Θ′W

) 3∑
a=1

ZE,∗i3+aZ
E
j3+a

)(
− pẽ

∗
j
µ + pẽiµ

)
(327)

ẽi

ẽ∗j

Z ′µ

− i

2

((
2gpQl cos Θ′W +

(
− g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

) 3∑
a=1

ZE,∗ia ZEja

− 2
(
g1 sin ΘW sin Θ′W + gpQe cos Θ′W

) 3∑
a=1

ZE,∗i3+aZ
E
j3+a

)(
− pẽ

∗
j
µ + pẽiµ

)
(328)

ẽi

ν̃∗j

W+
µ

89



− i 1√
2
g2

3∑
a=1

ZE,∗ia ZVja

(
− pν̃

∗
j
µ + pẽiµ

)
(329)

ũiα

ũ∗jβ

gγµ

− i

2
g3δijλ

γ
β,α

(
− pũ

∗
jβ
µ + pũiαµ

)
(330)

ũiα

ũ∗jβ

γµ

− i

6
δαβ

((
3g2 sin ΘW + g1 cos ΘW

) 3∑
a=1

ZU,∗ia ZUja + 4g1 cos ΘW

3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
− pũ

∗
jβ
µ + pũiαµ

)
(331)

ũiα

d̃∗jβ

W−µ
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− i 1√
2
g2δαβ

3∑
a=1

ZU,∗ia ZDja

(
− pd̃

∗
jβ
µ + pũiαµ

)
(332)

ũiα

ũ∗jβ

Zµ

− i

6
δαβ

((
3g2 cos ΘW cos Θ′W + 6gpQq sin Θ′W − g1 cos Θ′W sin ΘW

) 3∑
a=1

ZU,∗ia ZUja

− 2
(

2g1 cos Θ′W sin ΘW + 3gpQu sin Θ′W

) 3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
− pũ

∗
jβ
µ + pũiαµ

)
(333)

ũiα

ũ∗jβ

Z ′µ

− i

6
δαβ

(((
− 3g2 cos ΘW + g1 sin ΘW

)
sin Θ′W + 6gpQq cos Θ′W

) 3∑
a=1

ZU,∗ia ZUja

+ 2
(

2g1 sin ΘW sin Θ′W − 3gpQu cos Θ′W

) 3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
− pũ

∗
jβ
µ + pũiαµ

)
(334)
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ν̃i

ẽ∗j

W−µ

− i 1√
2
g2

3∑
a=1

ZV,∗ia ZEja

(
− pẽ

∗
j
µ + pν̃iµ

)
(335)

ν̃i

ν̃∗j

Zµ

− i

2
δij

(
2gpQl sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)(
− pν̃

∗
j
µ + pν̃iµ

)
(336)

ν̃i

ν̃∗j

Z ′µ

− i

2
δij

(
2gpQl cos Θ′W −

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)(
− pν̃

∗
j
µ + pν̃iµ

)
(337)
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9.3 One Scalar-Two Vector Boson-Interaction

hi

W+
σ

W−µ

i

2
g2

2

(
vdZ

H,∗
i1 + vuZ

H,∗
i2

)(
gσµ

)
(338)

hi

Zσ

Zµ

i

2

(
4g2
p

(
Q2

1v1Z
H,∗
i4 +Q2

2v2Z
H,∗
i5 +Q2

3v3Z
H,∗
i6 +Q2

svsZ
H,∗
i3

)
sin Θ′

2
W

+ vdZ
H,∗
i1

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)2

+ vuZ
H,∗
i2

(
− 2gpQHu sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)2)(
gσµ

)
(339)

hi

Zσ

Z ′µ
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− i

2

(
vdZ

H,∗
i1

(
− 2g1gpQHd cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
Hd

+ g2
1 sin Θ2

W

)
sin Θ′W + 2g1gpQHd sin ΘW sin Θ′

2
W

+ 2g2 cos ΘW

(
g1 cos Θ′W sin ΘW sin Θ′W − gpQHd cos Θ′

2
W + gpQHd sin Θ′

2
W

))
+ vuZ

H,∗
i2

(
2g1gpQHu cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
Hu + g2

1 sin Θ2
W

)
sin Θ′W − 2g1gpQHu sin ΘW sin Θ′

2
W

+ 2g2 cos ΘW

(
g1 cos Θ′W sin ΘW sin Θ′W + gpQHu cos Θ′

2
W − gpQHu sin Θ′

2
W

))
− 2g2

p

(
Q2

1v1Z
H,∗
i4 +Q2

2v2Z
H,∗
i5 +Q2

3v3Z
H,∗
i6 +Q2

svsZ
H,∗
i3

)
sin 2Θ′W

)(
gσµ

)
(340)

hi

Z ′σ

Z ′µ

i

2

(
4g2
p

(
Q2

1v1Z
H,∗
i4 +Q2

2v2Z
H,∗
i5 +Q2

3v3Z
H,∗
i6 +Q2

svsZ
H,∗
i3

)
cos Θ′

2
W

+ vdZ
H,∗
i1

(
− 2gpQHd cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2

+ vuZ
H,∗
i2

(
2gpQHu cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2)(
gσµ

)
(341)

H−i

W+
σ

γµ

− i

2
g1g2 cos ΘW

(
vdZ

+
i1 − vuZ

+
i2

)(
gσµ

)
(342)
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H−i

W+
σ

Zµ

i

2
g2

(
vd

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW

)
Z+
i1

+ vu

(
2gpQHu sin Θ′W − g1 cos Θ′W sin ΘW

)
Z+
i2

)(
gσµ

)
(343)

H−i

W+
σ

Z ′µ

i

2
g2

(
vd

(
2gpQHd cos Θ′W − g1 sin ΘW sin Θ′W

)
Z+
i1

+ vu

(
2gpQHu cos Θ′W + g1 sin ΘW sin Θ′W

)
Z+
i2

)(
gσµ

)
(344)

H+
i

γσ

W−µ

− i

2
g1g2 cos ΘW

(
vdZ

+
i1 − vuZ

+
i2

)(
gσµ

)
(345)
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H+
i

W−σ

Zµ

i

2
g2

(
vd

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW

)
Z+
i1

+ vu

(
2gpQHu sin Θ′W − g1 cos Θ′W sin ΘW

)
Z+
i2

)(
gσµ

)
(346)

H+
i

W−σ

Z ′µ

i

2
g2

(
vd

(
2gpQHd cos Θ′W − g1 sin ΘW sin Θ′W

)
Z+
i1

+ vu

(
2gpQHu cos Θ′W + g1 sin ΘW sin Θ′W

)
Z+
i2

)(
gσµ

)
(347)

9.4 Two Fermion-One Vector Boson-Interaction

χ̃0
i

χ̃−j

W+
µ
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− i

2
g2

(
2U∗j1Ni3 +

√
2U∗j2Ni4

)(
γµ ·

1− γ5

2

)
(348)

+
(
i

1√
2
g2N

∗
i5Vj2 − ig2N

∗
i3Vj1

)(
γµ ·

1 + γ5

2

)
(349)

χ̃+
i

χ̃−j

γµ

i

2

(
2g2U

∗
j1 sin ΘWUi1 + U∗j2

(
g1 cos ΘW + g2 sin ΘW

)
Ui2

)(
γµ ·

1− γ5

2

)
(350)

+
i

2

(
2g2V

∗
i1 sin ΘWVj1 + V ∗i2

(
g1 cos ΘW + g2 sin ΘW

)
Vj2

)(
γµ ·

1 + γ5

2

)
(351)

χ̃+
i

χ̃−j

Zµ

i

2

(
2g2U

∗
j1 cos ΘW cos Θ′WUi1

+ U∗j2

(
− 2gpQHd sin Θ′W − g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Ui2

)(
γµ ·

1− γ5

2

)
(352)

+
i

2

(
2g2V

∗
i1 cos ΘW cos Θ′WVj1

+ V ∗i2

(
2gpQHu sin Θ′W − g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Vj2

)(
γµ ·

1 + γ5

2

)
(353)
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χ̃+
i

χ̃−j

Z ′µ

− i

2

(
2g2U

∗
j1 cos ΘW sin Θ′WUi1

+ U∗j2

(
2gpQHd cos Θ′W +

(
− g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Ui2

)(
γµ ·

1− γ5

2

)
(354)

+ − i
2

(
2g2V

∗
i1 cos ΘW sin Θ′WVj1

+ V ∗i2

(
− 2gpQHu cos Θ′W +

(
− g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Vj2

)(
γµ ·

1 + γ5

2

)
(355)

χ̃0
i

χ̃0
j

Zµ

− i

2

(
N∗j4

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Ni4

−N∗j5
(
− 2gpQHu sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Ni5

+ 2gp sin Θ′W

(
Q1N

∗
j7Ni7 +Q2N

∗
j8Ni8 +Q3N

∗
j9Ni9 +QsN

∗
j6Ni6

))(
γµ ·

1− γ5

2

)
(356)

+
i

2

(
N∗i4

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Nj4

−N∗i5
(
− 2gpQHu sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Nj5

+ 2gp sin Θ′W

(
Q1N

∗
i7Nj7 +Q2N

∗
i8Nj8 +Q3N

∗
i9Nj9 +QsN

∗
i6Nj6

))(
γµ ·

1 + γ5

2

)
(357)
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χ̃0
i

χ̃0
j

Z ′µ

− i

2

(
N∗j4

(
2gpQHd cos Θ′W −

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Ni4

+N∗j5

(
2gpQHu cos Θ′W + g1 sin ΘW sin Θ′W + g2 cos ΘW sin Θ′W

)
Ni5

+ 2gp cos Θ′W

(
Q1N

∗
j7Ni7 +Q2N

∗
j8Ni8 +Q3N

∗
j9Ni9 +QsN

∗
j6Ni6

))(
γµ ·

1− γ5

2

)
(358)

+
i

2

(
N∗i4

(
2gpQHd cos Θ′W −

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Nj4

+N∗i5

(
2gpQHu cos Θ′W + g1 sin ΘW sin Θ′W + g2 cos ΘW sin Θ′W

)
Nj5

+ 2gp cos Θ′W

(
Q1N

∗
i7Nj7 +Q2N

∗
i8Nj8 +Q3N

∗
i9Nj9 +QsN

∗
i6Nj6

))(
γµ ·

1 + γ5

2

)
(359)

χ̃+
i

χ̃0
j

W−µ

− i

2
g2

(
2N∗j3Ui1 +

√
2N∗j4Ui2

)(
γµ ·

1− γ5

2

)
(360)

+
(
i

1√
2
g2V

∗
i2Nj5 − ig2V

∗
i1Nj3

)(
γµ ·

1 + γ5

2

)
(361)
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d̄iα

djβ

gγµ

− i

2
g3δijλ

γ
α,β

(
γµ ·

1− γ5

2

)
(362)

+ − i
2
g3δijλ

γ
α,β

(
γµ ·

1 + γ5

2

)
(363)

d̄iα

djβ

γµ

− i

6
δαβδij

(
− 3g2 sin ΘW + g1 cos ΘW

)(
γµ ·

1− γ5

2

)
(364)

+
i

3
g1 cos ΘW δαβδij

(
γµ ·

1 + γ5

2

)
(365)

d̄iα

djβ

Zµ

i

6
δαβδij

(
3g2 cos ΘW cos Θ′W − 6gpQq sin Θ′W + g1 cos Θ′W sin ΘW

)(
γµ ·

1− γ5

2

)
(366)

+ − i
3
δαβδij

(
− 3gpQd sin Θ′W + g1 cos Θ′W sin ΘW

)(
γµ ·

1 + γ5

2

)
(367)
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d̄iα

djβ

Z ′µ

− i

6
δαβδij

((
3g2 cos ΘW + g1 sin ΘW

)
sin Θ′W + 6gpQq cos Θ′W

)(
γµ ·

1− γ5

2

)
(368)

+
i

3
δαβδij

(
3gpQd cos Θ′W + g1 sin ΘW sin Θ′W

)(
γµ ·

1 + γ5

2

)
(369)

ūiα

djβ

W+
µ

− i 1√
2
g2δαβ

3∑
a=1

Ud,∗L,jaU
u
L,ia

(
γµ ·

1− γ5

2

)
(370)

ēi

ej

γµ

i

2
δij

(
g1 cos ΘW + g2 sin ΘW

)(
γµ ·

1− γ5

2

)
(371)

+ ig1 cos ΘW δij

(
γµ ·

1 + γ5

2

)
(372)
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ēi

ej

Zµ

i

2
δij

(
− 2gpQl sin Θ′W − g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)(
γµ ·

1− γ5

2

)
(373)

+ −iδij
(
g1 cos Θ′W sin ΘW − gpQe sin Θ′W

)(
γµ ·

1 + γ5

2

)
(374)

ēi

ej

Z ′µ

− i

2
δij

(
2gpQl cos Θ′W +

(
− g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)(
γµ ·

1− γ5

2

)
(375)

+ iδij

(
g1 sin ΘW sin Θ′W + gpQe cos Θ′W

)(
γµ ·

1 + γ5

2

)
(376)

ν̄i

ej

W+
µ

− i 1√
2
g2U

e,∗
L,jiΘi,3

(
γµ ·

1− γ5

2

)
(377)
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ūiα

ujβ

gγµ

− i

2
g3δijλ

γ
α,β

(
γµ ·

1− γ5

2

)
(378)

+ − i
2
g3δijλ

γ
α,β

(
γµ ·

1 + γ5

2

)
(379)

ūiα

ujβ

γµ

− i

6
δαβδij

(
3g2 sin ΘW + g1 cos ΘW

)(
γµ ·

1− γ5

2

)
(380)

+ −2i

3
g1 cos ΘW δαβδij

(
γµ ·

1 + γ5

2

)
(381)

d̄iα

ujβ

W−µ

− i 1√
2
g2δαβ

3∑
a=1

Uu,∗L,jaU
d
L,ia

(
γµ ·

1− γ5

2

)
(382)
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ūiα

ujβ

Zµ

− i

6
δαβδij

(
3g2 cos ΘW cos Θ′W + 6gpQq sin Θ′W − g1 cos Θ′W sin ΘW

)(
γµ ·

1− γ5

2

)
(383)

+
i

3
δαβδij

(
2g1 cos Θ′W sin ΘW + 3gpQu sin Θ′W

)(
γµ ·

1 + γ5

2

)
(384)

ūiα

ujβ

Z ′µ

− i

6
δαβδij

((
− 3g2 cos ΘW + g1 sin ΘW

)
sin Θ′W + 6gpQq cos Θ′W

)(
γµ ·

1− γ5

2

)
(385)

+
i

3
δαβδij

(
− 2g1 sin ΘW sin Θ′W + 3gpQu cos Θ′W

)(
γµ ·

1 + γ5

2

)
(386)

ēi

νj

W−µ

− i 1√
2
g2Θj,3U

e
L,ij

(
γµ ·

1− γ5

2

)
(387)
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ν̄i

νj

Zµ

− i

2
δij

(
2gpQl sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)(
γµ ·

1− γ5

2

)
(388)

ν̄i

νj

Z ′µ

− i

2
δij

(
2gpQl cos Θ′W −

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)(
γµ ·

1− γ5

2

)
(389)

g̃α

g̃β

gγµ

− g3|φg̃|2fα,β,γ
(
γµ ·

1− γ5

2

)
(390)

+ −g3|φg̃|2fα,β,γ
(
γµ ·
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9.5 Two Fermion-One Scalar Boson-Interaction
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ūiα

ujβ

A0
k

1√
2
ZA,∗k2 δαβ

3∑
b=1

Uu,∗L,jb

3∑
a=1

Uu,∗R,iaYu,ab

(1− γ5

2

)
(400)

+ − 1√
2
ZA,∗k2 δαβ

3∑
b=1

3∑
a=1

Y ∗u,abU
u
R,jaU

u
L,ib

(1 + γ5

2

)
(401)

χ̃0
i

χ̃−j

H+
k

− i

2

(
2g2U

∗
j1N

∗
i4Z

+
k1

+ U∗j2

(
2λN∗i6Z

+
k2 + 2

√
2gpQHdN

∗
i1Z

+
k1 −

√
2g1N

∗
i2Z

+
k1 −

√
2g2N

∗
i3Z

+
k1

))(1− γ5

2

)
(402)

+ − i
2

((
2g2Vj1Ni5 +

√
2Vj2

(
2gpQHuNi1 + g1Ni2 + g2Ni3

))
Z+
k2 + 2λ∗Vj2Ni6Z

+
k1

)(1 + γ5

2

)
(403)

108



χ̃−i

ujβ

d̃∗kγ

− iδβγ
(
g2U

∗
i1

3∑
a=1

Uu,∗L,jaZ
D
ka − U∗i2

3∑
b=1

Uu,∗L,jb

3∑
a=1

Yd,abZ
D
k3+a

)(1− γ5

2

)
(404)

+ iδβγ

3∑
b=1

3∑
a=1

Y ∗u,abU
u
R,jaZ

D
kbVi2

(1 + γ5

2

)
(405)

χ̃−i

νj

ẽ∗k

i
(
− g2U

∗
i1Θj,3Z

E
kj + U∗i2

3∑
a=1

Ye,ajZ
E
k3+a

)(1− γ5

2

)
(406)

χ̃+
i

χ̃−j

hk

− i 1√
2

(
g2U

∗
j1V

∗
i2Z

H,∗
k2 + U∗j2

(
g2V

∗
i1Z

H,∗
k1 + λV ∗i2Z

H,∗
k3

))(1− γ5

2

)
(407)

109



+ −i 1√
2

(
g2Z

H,∗
k1 Ui2Vj1 +

(
g2Z

H,∗
k2 Ui1 + λ∗ZH,∗k3 Ui2

)
Vj2

)(1 + γ5

2

)
(408)

d̄iα

χ̃−j
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ũ∗kγ

116



− iδβγ
(
g2V

∗
i1

3∑
a=1

Ud,∗L,jaZ
U
ka − V ∗i2

3∑
b=1

Ud,∗L,jb

3∑
a=1

Yu,abZ
U
k3+a

)(1− γ5

2

)
(436)

+ iδβγ

3∑
b=1

3∑
a=1

Y ∗d,abU
d
R,jaZ

U
kbUi2

(1 + γ5

2

)
(437)
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(1 + γ5

2

)
(447)

ūiα

ujβ

hk

− i 1√
2
ZH,∗k2 δαβ

3∑
b=1

Uu,∗L,jb

3∑
a=1

Uu,∗R,iaYu,ab

(1− γ5

2

)
(448)

+ −i 1√
2
ZH,∗k2 δαβ

3∑
b=1

3∑
a=1

Y ∗u,abU
u
R,jaU

u
L,ib

(1 + γ5

2

)
(449)

d̄iα

ujβ

H−k

iδαβ

3∑
b=1

Uu,∗L,jb

3∑
a=1

Ud,∗R,iaYd,abZ
+
k1

(1− γ5

2

)
(450)

+ iδαβ

3∑
b=1

3∑
a=1

Y ∗u,abU
u
R,jaU

d
L,ibZ

+
k2

(1 + γ5

2

)
(451)
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ēi

νj

H−k

i

3∑
a=1

Ue,∗R,iaYe,ajZ
+
k1

(1− γ5

2

)
(452)

d̄iα

g̃β

d̃kγ

i
1√
2
g3φg̃λ

β
α,γ

3∑
a=1

ZD,∗k3+aU
d,∗
R,ia

(1− γ5

2

)
(453)

+ −i 1√
2
g3φ
∗
g̃λ
β
α,γ

3∑
a=1

ZD,∗ka UdL,ia

(1 + γ5

2

)
(454)

ūiα

g̃β

ũkγ

i
1√
2
g3φg̃λ

β
α,γ

3∑
a=1

ZU,∗k3+aU
u,∗
R,ia

(1− γ5

2

)
(455)
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+ −i 1√
2
g3φ
∗
g̃λ
β
α,γ

3∑
a=1

ZU,∗ka U
u
L,ia

(1 + γ5

2

)
(456)

χ̃+
i

ūjβ

d̃kγ

iV ∗i2δβγ

3∑
b=1

ZD,∗kb

3∑
a=1

Uu,∗R,jaYu,ab

(1− γ5

2

)
(457)

+ −iδβγ
(
g2

3∑
a=1

ZD,∗ka UuL,jaUi1 −
3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
k3+aU

u
L,jbUi2

)(1 + γ5

2

)
(458)

χ̃+
i

ν̄j

ẽk

(459)

+ −i
(
g2Z

E,∗
kj Θj,3Ui1 −

3∑
a=1

Y ∗e,ajZ
E,∗
k3+aUi2

)(1 + γ5

2

)
(460)
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9.6 Three Vector Boson-Interaction

gαρ

gβσ

gγµ

g3fα,β,γ

(
gρµ

(
− pgγµσ + pgαρσ

)
+ gρσ

(
− pgαρµ + p

gβσ
µ

)
+ gσµ

(
− pgβσρ + pgγµρ

))
(461)

W+
ρ

γσ

W−µ

ig2 sin ΘW

(
gρµ

(
− pW

−
µ

σ + p
W+
ρ

σ

)
+ gρσ

(
− pW

+
ρ

µ + pγσµ

)
+ gσµ

(
− pγσρ + p

W−µ
ρ

))
(462)

W+
ρ

W−σ

Zµ

− ig2 cos ΘW cos Θ′W

(
gρµ

(
− pZµσ + p

W+
ρ

σ

)
+ gρσ

(
− pW

+
ρ

µ + p
W−σ
µ

)
+ gσµ

(
− pW

−
σ

ρ + pZµρ

))
(463)
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W+
ρ

W−σ

Z ′µ

ig2 cos ΘW sin Θ′W

(
gρµ

(
− pZ

′
µ

σ + p
W+
ρ

σ

)
+ gρσ

(
− pW

+
ρ

µ + p
W−σ
µ

)
+ gσµ

(
− pW

−
σ

ρ + pZ
′
µ

ρ

))
(464)

9.7 Four Scalar-Interaction

A0
i

A0
l

A0
j

A0
k

− i

36

(
9ZA,∗i1

(
−
(
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZA,∗j2

(
ZA,∗k1 ZA,∗l2 + ZA,∗k2 ZA,∗l1

)
+ 4
((
g2
pQHdQs + |λ|2

)
ZA,∗j3

(
ZA,∗k1 ZA,∗l3 + ZA,∗k3 ZA,∗l1

)
+ g2

pQHd

(
Q1Z

A,∗
j4

(
ZA,∗k1 ZA,∗l4 + ZA,∗k4 ZA,∗l1

)
+Q2Z

A,∗
j5

(
ZA,∗k1 ZA,∗l5 + ZA,∗k5 ZA,∗l1

)
+Q3Z

A,∗
j6

(
ZA,∗k1 ZA,∗l6 + ZA,∗k6 ZA,∗l1

)))
+ ZA,∗j1

(
3
(

4g2
pQ

2
Hd

+ g2
1 + g2

2

)
ZA,∗k1 ZA,∗l1 −

(
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZA,∗k2 ZA,∗l2

+ 4
(
g2
pQHd

(
Q1Z

A,∗
k4 ZA,∗l4 +Q2Z

A,∗
k5 ZA,∗l5 +Q3Z

A,∗
k6 ZA,∗l6

)
+
(
g2
pQHdQs + |λ|2

)
ZA,∗k3 ZA,∗l3

)))
− 9ZA,∗i2

((
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZA,∗j1

(
ZA,∗k1 ZA,∗l2 + ZA,∗k2 ZA,∗l1

)
− 4
((
g2
pQHuQs + |λ|2

)
ZA,∗j3

(
ZA,∗k2 ZA,∗l3 + ZA,∗k3 ZA,∗l2

)
+ g2

pQHu

(
Q1Z

A,∗
j4

(
ZA,∗k2 ZA,∗l4 + ZA,∗k4 ZA,∗l2

)
+Q2Z

A,∗
j5

(
ZA,∗k2 ZA,∗l5 + ZA,∗k5 ZA,∗l2

)
+Q3Z

A,∗
j6

(
ZA,∗k2 ZA,∗l6 + ZA,∗k6 ZA,∗l2

)))
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+ ZA,∗j2

((
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZA,∗k1 ZA,∗l1 − 3

(
4g2
pQ

2
Hu + g2

1 + g2
2

)
ZA,∗k2 ZA,∗l2

− 4
(
g2
pQHu

(
Q1Z

A,∗
k4 ZA,∗l4 +Q2Z

A,∗
k5 ZA,∗l5 +Q3Z

A,∗
k6 ZA,∗l6

)
+
(
g2
pQHuQs + |λ|2

)
ZA,∗k3 ZA,∗l3

)))
+ 4
(

9g2
pQHdQ2Z

A,∗
i5 ZA,∗j5 ZA,∗k1 ZA,∗l1 + 9g2

pQHdQ3Z
A,∗
i6 ZA,∗j6 ZA,∗k1 ZA,∗l1

+ 9g2
pQHdQ2Z

A,∗
i5 ZA,∗j1 ZA,∗k5 ZA,∗l1 + 9g2

pQHdQ3Z
A,∗
i6 ZA,∗j1 ZA,∗k6 ZA,∗l1

+ 9g2
pQHuQ2Z

A,∗
i5 ZA,∗j5 ZA,∗k2 ZA,∗l2 + 9g2

pQHuQ3Z
A,∗
i6 ZA,∗j6 ZA,∗k2 ZA,∗l2

+ 9g2
pQHuQ2Z

A,∗
i5 ZA,∗j2 ZA,∗k5 ZA,∗l2 + 9g2

pQHuQ3Z
A,∗
i6 ZA,∗j2 ZA,∗k6 ZA,∗l2

+ 9g2
pQsQ2Z

A,∗
i5 ZA,∗j5 ZA,∗k3 ZA,∗l3 + 9g2

pQsQ3Z
A,∗
i6 ZA,∗j6 ZA,∗k3 ZA,∗l3

+ 9g2
pQsQ2Z

A,∗
i5 ZA,∗j3 ZA,∗k5 ZA,∗l3 + 9g2

pQsQ3Z
A,∗
i6 ZA,∗j3 ZA,∗k6 ZA,∗l3

+ 9g2
pQ1Q2Z

A,∗
i5 ZA,∗j5 ZA,∗k4 ZA,∗l4 + |κ|2ZA,∗i5 ZA,∗j5 ZA,∗k4 ZA,∗l4

+ 9g2
pQ1Q3Z

A,∗
i6 ZA,∗j6 ZA,∗k4 ZA,∗l4 + |κ|2ZA,∗i6 ZA,∗j6 ZA,∗k4 ZA,∗l4

+ 9g2
pQ1Q2Z

A,∗
i5 ZA,∗j4 ZA,∗k5 ZA,∗l4 + |κ|2ZA,∗i5 ZA,∗j4 ZA,∗k5 ZA,∗l4

+ 9g2
pQ1Q3Z

A,∗
i6 ZA,∗j4 ZA,∗k6 ZA,∗l4 + |κ|2ZA,∗i6 ZA,∗j4 ZA,∗k6 ZA,∗l4

+ 9g2
pQHdQ2Z

A,∗
i5 ZA,∗j1 ZA,∗k1 ZA,∗l5 + 9g2

pQHuQ2Z
A,∗
i5 ZA,∗j2 ZA,∗k2 ZA,∗l5

+ 9g2
pQsQ2Z

A,∗
i5 ZA,∗j3 ZA,∗k3 ZA,∗l5 + 9g2

pQ1Q2Z
A,∗
i5 ZA,∗j4 ZA,∗k4 ZA,∗l5

+ |κ|2ZA,∗i5 ZA,∗j4 ZA,∗k4 ZA,∗l5 + 27g2
pQ

2
2Z

A,∗
i5 ZA,∗j5 ZA,∗k5 ZA,∗l5

+ 9g2
pQ2Q3Z

A,∗
i6 ZA,∗j6 ZA,∗k5 ZA,∗l5 + |κ|2ZA,∗i6 ZA,∗j6 ZA,∗k5 ZA,∗l5

+ 9g2
pQ2Q3Z

A,∗
i6 ZA,∗j5 ZA,∗k6 ZA,∗l5 + |κ|2ZA,∗i6 ZA,∗j5 ZA,∗k6 ZA,∗l5

+ 9g2
pQ2Q3Z

A,∗
i5 ZA,∗j6 ZA,∗k6 ZA,∗l5 + |κ|2ZA,∗i5 ZA,∗j6 ZA,∗k6 ZA,∗l5

+ 9g2
pQHdQ3Z

A,∗
i6 ZA,∗j1 ZA,∗k1 ZA,∗l6 + 9g2

pQHuQ3Z
A,∗
i6 ZA,∗j2 ZA,∗k2 ZA,∗l6

+ 9g2
pQsQ3Z

A,∗
i6 ZA,∗j3 ZA,∗k3 ZA,∗l6 + 9g2

pQ1Q3Z
A,∗
i6 ZA,∗j4 ZA,∗k4 ZA,∗l6

+ |κ|2ZA,∗i6 ZA,∗j4 ZA,∗k4 ZA,∗l6 + 9g2
pQ2Q3Z

A,∗
i6 ZA,∗j5 ZA,∗k5 ZA,∗l6

+ |κ|2ZA,∗i6 ZA,∗j5 ZA,∗k5 ZA,∗l6 + 9g2
pQ2Q3Z

A,∗
i5 ZA,∗j6 ZA,∗k5 ZA,∗l6

+ |κ|2ZA,∗i5 ZA,∗j6 ZA,∗k5 ZA,∗l6 + 9g2
pQ2Q3Z

A,∗
i5 ZA,∗j5 ZA,∗k6 ZA,∗l6

+ |κ|2ZA,∗i5 ZA,∗j5 ZA,∗k6 ZA,∗l6 + 27g2
pQ

2
3Z

A,∗
i6 ZA,∗j6 ZA,∗k6 ZA,∗l6

+ ZA,∗i4

(
9g2
pQHuQ1Z

A,∗
j2 ZA,∗k4 ZA,∗l2 + 9g2

pQsQ1Z
A,∗
j3 ZA,∗k4 ZA,∗l3

+ 9g2
pQHuQ1Z

A,∗
j2 ZA,∗k2 ZA,∗l4 + 9g2

pQsQ1Z
A,∗
j3 ZA,∗k3 ZA,∗l4

+ 9g2
pQ1Q2Z

A,∗
j5 ZA,∗k5 ZA,∗l4 + |κ|2ZA,∗j5 ZA,∗k5 ZA,∗l4 + 9g2

pQ1Q3Z
A,∗
j6 ZA,∗k6 ZA,∗l4

+ |κ|2ZA,∗j6 ZA,∗k6 ZA,∗l4 + 9g2
pQHdQ1Z

A,∗
j1

(
ZA,∗k1 ZA,∗l4 + ZA,∗k4 ZA,∗l1

)
+ 9g2

pQ1Q2Z
A,∗
j5 ZA,∗k4 ZA,∗l5 + |κ|2ZA,∗j5 ZA,∗k4 ZA,∗l5 + 9g2

pQ1Q3Z
A,∗
j6 ZA,∗k4 ZA,∗l6

+ |κ|2ZA,∗j6 ZA,∗k4 ZA,∗l6
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+ ZA,∗j4

(
9g2
pQHdQ1Z

A,∗
k1 ZA,∗l1 + 9g2

pQHuQ1Z
A,∗
k2 ZA,∗l2 + 9g2

pQsQ1Z
A,∗
k3 ZA,∗l3

+ 27g2
pQ

2
1Z

A,∗
k4 ZA,∗l4 + 9g2

pQ1Q2Z
A,∗
k5 ZA,∗l5 + |κ|2ZA,∗k5 ZA,∗l5

+ 9g2
pQ1Q3Z

A,∗
k6 ZA,∗l6 + |κ|2ZA,∗k6 ZA,∗l6

))
+ 9ZA,∗i3

(
g2
pQHuQsZ

A,∗
j2 ZA,∗k3 ZA,∗l2 + |λ|2ZA,∗j2 ZA,∗k3 ZA,∗l2 + g2

pQHuQsZ
A,∗
j2 ZA,∗k2 ZA,∗l3

+ |λ|2ZA,∗j2 ZA,∗k2 ZA,∗l3 + g2
pQsQ1Z

A,∗
j4 ZA,∗k4 ZA,∗l3 + g2

pQsQ2Z
A,∗
j5 ZA,∗k5 ZA,∗l3

+ g2
pQsQ3Z

A,∗
j6 ZA,∗k6 ZA,∗l3 +

(
g2
pQHdQs + |λ|2

)
ZA,∗j1

(
ZA,∗k1 ZA,∗l3 + ZA,∗k3 ZA,∗l1

)
+ g2

pQsQ1Z
A,∗
j4 ZA,∗k3 ZA,∗l4 + g2

pQsQ2Z
A,∗
j5 ZA,∗k3 ZA,∗l5 + g2

pQsQ3Z
A,∗
j6 ZA,∗k3 ZA,∗l6

+ ZA,∗j3

((
g2
pQHdQs + |λ|2

)
ZA,∗k1 ZA,∗l1 +

(
g2
pQHuQs + |λ|2

)
ZA,∗k2 ZA,∗l2

+ g2
pQs

(
3QsZ

A,∗
k3 ZA,∗l3 +Q1Z

A,∗
k4 ZA,∗l4 +Q2Z

A,∗
k5 ZA,∗l5 +Q3Z

A,∗
k6 ZA,∗l6

)))))
(465)

A0
i

hl

A0
j

hk

− i

36

(
9ZA,∗i1 ZA,∗j1

((
4g2
pQ

2
Hd

+ g2
1 + g2

2

)
ZH,∗k1 ZH,∗l1 −

(
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZH,∗k2 ZH,∗l2

+ 4
(
g2
pQHd

(
Q1Z

H,∗
k4 ZH,∗l4 +Q2Z

H,∗
k5 ZH,∗l5 +Q3Z

H,∗
k6 ZH,∗l6

)
+
(
g2
pQHdQs + |λ|2

)
ZH,∗k3 ZH,∗l3

))
− 9ZA,∗i2 ZA,∗j2

((
− 4g2

pQHdQHu − 4|λ|2 + g2
1 + g2

2

)
ZH,∗k1 ZH,∗l1 −

(
4g2
pQ

2
Hu + g2

1 + g2
2

)
ZH,∗k2 ZH,∗l2

− 4
(
g2
pQHu

(
Q1Z

H,∗
k4 ZH,∗l4 +Q2Z

H,∗
k5 ZH,∗l5 +Q3Z

H,∗
k6 ZH,∗l6

)
+
(
g2
pQHuQs + |λ|2

)
ZH,∗k3 ZH,∗l3

))
+ 4
(

9g2
pQHdQ2Z

A,∗
i5 ZA,∗j5 ZH,∗k1 ZH,∗l1 + 9g2

pQHdQ3Z
A,∗
i6 ZA,∗j6 ZH,∗k1 ZH,∗l1

+ 9g2
pQHuQ2Z

A,∗
i5 ZA,∗j5 ZH,∗k2 ZH,∗l2 + 9g2

pQHuQ3Z
A,∗
i6 ZA,∗j6 ZH,∗k2 ZH,∗l2

+ 9g2
pQsQ2Z

A,∗
i5 ZA,∗j5 ZH,∗k3 ZH,∗l3 + 9g2

pQsQ3Z
A,∗
i6 ZA,∗j6 ZH,∗k3 ZH,∗l3

+ 9g2
pQ1Q2Z

A,∗
i5 ZA,∗j5 ZH,∗k4 ZH,∗l4 + |κ|2ZA,∗i5 ZA,∗j5 ZH,∗k4 ZH,∗l4

+ 9g2
pQ1Q3Z

A,∗
i6 ZA,∗j6 ZH,∗k4 ZH,∗l4 + |κ|2ZA,∗i6 ZA,∗j6 ZH,∗k4 ZH,∗l4

+ 9g2
pQ

2
2Z

A,∗
i5 ZA,∗j5 ZH,∗k5 ZH,∗l5 + 9g2

pQ2Q3Z
A,∗
i6 ZA,∗j6 ZH,∗k5 ZH,∗l5

+ |κ|2ZA,∗i6 ZA,∗j6 ZH,∗k5 ZH,∗l5 + 9g2
pQ2Q3Z

A,∗
i5 ZA,∗j5 ZH,∗k6 ZH,∗l6
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+ |κ|2ZA,∗i5 ZA,∗j5 ZH,∗k6 ZH,∗l6 + 9g2
pQ

2
3Z

A,∗
i6 ZA,∗j6 ZH,∗k6 ZH,∗l6

+ ZA,∗i4 ZA,∗j4

(
9g2
pQHdQ1Z

H,∗
k1 ZH,∗l1 + 9g2

pQHuQ1Z
H,∗
k2 ZH,∗l2 + 9g2

pQsQ1Z
H,∗
k3 ZH,∗l3

+ 9g2
pQ

2
1Z

H,∗
k4 ZH,∗l4 + 9g2

pQ1Q2Z
H,∗
k5 ZH,∗l5 + |κ|2ZH,∗k5 ZH,∗l5

+ 9g2
pQ1Q3Z

H,∗
k6 ZH,∗l6 + |κ|2ZH,∗k6 ZH,∗l6

)
+ 9ZA,∗i3 ZA,∗j3

((
g2
pQHdQs + |λ|2

)
ZH,∗k1 ZH,∗l1 +

(
g2
pQHuQs + |λ|2

)
ZH,∗k2 ZH,∗l2

+ g2
pQs

(
Q1Z

H,∗
k4 ZH,∗l4 +Q2Z

H,∗
k5 ZH,∗l5 +Q3Z

H,∗
k6 ZH,∗l6 +QsZ

H,∗
k3 ZH,∗l3

))))
(466)

A0
i

H+
l

A0
j

H−k

− i

4

(
ZA,∗i1

(
−
(
− 2|λ|2 + g2

2

)
ZA,∗j2

(
Z+
k1Z

+
l2 + Z+

k2Z
+
l1

)
+ ZA,∗j1

((
4g2
pQ

2
Hd

+ g2
1 + g2

2

)
Z+
k1Z

+
l1 +

(
4g2
pQHdQHu − g2

1 + g2
2

)
Z+
k2Z

+
l2

))
+ ZA,∗i2

(
−
(
− 2|λ|2 + g2

2

)
ZA,∗j1

(
Z+
k1Z

+
l2 + Z+

k2Z
+
l1

)
+ ZA,∗j2

((
4g2
pQHdQHu − g2

1 + g2
2

)
Z+
k1Z

+
l1 +

(
4g2
pQ

2
Hu + g2

1 + g2
2

)
Z+
k2Z

+
l2

))
+ 4
(
g2
p

(
Q1Z

A,∗
i4 ZA,∗j4 +Q2Z

A,∗
i5 ZA,∗j5 +Q3Z

A,∗
i6 ZA,∗j6

)(
QHdZ

+
k1Z

+
l1 +QHuZ

+
k2Z

+
l2

)
+ ZA,∗i3 ZA,∗j3

((
g2
pQHdQs + |λ|2

)
Z+
k1Z

+
l1 +

(
g2
pQHuQs + |λ|2

)
Z+
k2Z

+
l2

)))
(467)

A0
i

d̃∗lδ

A0
j

d̃kγ
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i

12
δγδ

(
− ZA,∗i2

(
ZA,∗j2

((
12g2

pQHuQq + 3g2
2 + g2

1

) 3∑
a=1

ZD,∗ka ZDla + 2
(

6g2
pQdQHu + g2

1

) 3∑
a=1

ZD,∗k3+aZ
D
l3+a

)
+ 6ZA,∗j3

(
λ

3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
k3+aZ

D
lb + λ∗

3∑
b=1

ZD,∗kb

3∑
a=1

Yd,abZ
D
l3+a

))
− 6
(

2g2
p

(
Q1Z

A,∗
i4 ZA,∗j4 +Q2Z

A,∗
i5 ZA,∗j5 +Q3Z

A,∗
i6 ZA,∗j6

)(
Qd

3∑
a=1

ZD,∗k3+aZ
D
l3+a +Qq

3∑
a=1

ZD,∗ka ZDla

)
+ ZA,∗i3

(
2g2
pQsZ

A,∗
j3

(
Qd

3∑
a=1

ZD,∗k3+aZ
D
l3+a +Qq

3∑
a=1

ZD,∗ka ZDla

)
+ ZA,∗j2

(
λ

3∑
b=1

3∑
a=1

Y ∗d,abZ
D,∗
k3+aZ

D
lb + λ∗

3∑
b=1

ZD,∗kb

3∑
a=1

Yd,abZ
D
l3+a

)))
+ ZA,∗i1 ZA,∗j1

((
3
(
− 4g2

pQHdQq + g2
2

)
+ g2

1

) 3∑
a=1

ZD,∗ka ZDla

+ 2
((
− 6g2

pQdQHd + g2
1

) 3∑
a=1

ZD,∗k3+aZ
D
l3+a

− 6
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ũ∗kγ

i

12
δαγδjl

((
− 3
(

4g2
pQlQq + g2

2

)
+ g2

1

) 3∑
a=1

ZU,∗ia ZUka − 4
(

3g2
pQlQu + g2

1

) 3∑
a=1

ZU,∗i3+aZ
U
k3+a

)
(505)

153



ν̃i

ν̃∗l

ν̃j

ν̃∗k

− i

4

(
4g2
pQ

2
l + g2

1 + g2
2

)(
δikδjl + δilδjk

)
(506)

9.8 Two Scalar-Two Vector Boson-Interaction
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g1 cos ΘW + g2 sin ΘW

)2(
Z+
i1Z

+
j1 + Z+

i2Z
+
j2

)(
gµν

)
(527)
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H−i

Zν

H+
j

γµ

− i

2

(
g1 cos ΘW + g2 sin ΘW

)((
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW − g2 cos ΘW cos Θ′W

)
Z+
i1Z

+
j1

+
(
− 2gpQHu sin Θ′W + g1 cos Θ′W sin ΘW − g2 cos ΘW cos Θ′W

)
Z+
i2Z

+
j2

)(
gµν

)
(528)

H−i

Z ′ν

H+
j

γµ

i

2

(
g1 cos ΘW + g2 sin ΘW

)((
− 2gpQHd cos Θ′W +

(
g1 sin ΘW − g2 cos ΘW

)
sin Θ′W

)
Z+
i1Z

+
j1

+
(

2gpQHu cos Θ′W +
(
g1 sin ΘW − g2 cos ΘW

)
sin Θ′W

)
Z+
i2Z

+
j2

)(
gµν

)
(529)

H−i

W−ν

H+
j

W+
µ

i

2
g2

2

(
Z+
i1Z

+
j1 + Z+

i2Z
+
j2

)(
gµν

)
(530)
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H−i

Zν

H+
j

Zµ

i

2

((
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW − g2 cos ΘW cos Θ′W

)2

Z+
i1Z

+
j1

+
(

2gpQHu sin Θ′W − g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)2

Z+
i2Z

+
j2

)(
gµν

)
(531)

H−i

Z ′ν

H+
j

Zµ

− i

2

((
− 2g1gpQHd cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
Hd

+ g2
1 sin Θ2

W

)
sin Θ′W + 2g1gpQHd sin ΘW sin Θ′

2
W

+ 2g2 cos ΘW

(
− g1 cos Θ′W sin ΘW sin Θ′W + gpQHd cos Θ′

2
W − gpQHd sin Θ′

2
W

))
Z+
i1Z

+
j1

+
(

2g1gpQHu cos Θ′
2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
Hu + g2

1 sin Θ2
W

)
sin Θ′W − 2g1gpQHu sin ΘW sin Θ′

2
W

− 2g2 cos ΘW

(
g1 cos Θ′W sin ΘW sin Θ′W + gpQHu cos Θ′

2
W − gpQHu sin Θ′

2
W

))
Z+
i2Z

+
j2

)(
gµν

)
(532)
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H−i

Z ′ν

H+
j

Z ′µ

i

2

((
2gpQHd cos Θ′W +

(
− g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2

Z+
i1Z

+
j1

+
(

2gpQHu cos Θ′W +
(
g1 sin ΘW − g2 cos ΘW

)
sin Θ′W

)2

Z+
i2Z

+
j2

)(
gµν

)
(533)

d̃iα

gδν

d̃∗jβ

gγµ

i

4
g2

3δij

( 3∑
a=1

λγa,αλ
δ
β,a +

3∑
a=1

λγβ,aλ
δ
a,α

)(
gµν

)
(534)

d̃iα

γν

d̃∗jβ

gγµ

i

6
g3λ

γ
β,α

(
− 2g1 cos ΘW

3∑
a=1

ZD,∗i3+aZ
D
j3+a +

(
− 3g2 sin ΘW + g1 cos ΘW

) 3∑
a=1

ZD,∗ia ZDja

)(
gµν

)
(535)
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d̃iα

Zν

d̃∗jβ

gγµ

− i

6
g3λ

γ
β,α

((
3g2 cos ΘW cos Θ′W − 6gpQq sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZD,∗ia ZDja

− 2
(
− 3gpQd sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZD,∗i3+aZ
D
j3+a

)(
gµν

)
(536)

d̃iα

Z ′ν

d̃∗jβ

gγµ

i

6
g3λ

γ
β,α

(((
3g2 cos ΘW + g1 sin ΘW

)
sin Θ′W + 6gpQq cos Θ′W

) 3∑
a=1

ZD,∗ia ZDja

− 2
(

3gpQd cos Θ′W + g1 sin ΘW sin Θ′W

) 3∑
a=1

ZD,∗i3+aZ
D
j3+a

)(
gµν

)
(537)

d̃iα

gδν

ũ∗jβ

W+
µ
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i
1√
2
g2g3λ

δ
β,α

3∑
a=1

ZD,∗ia ZUja

(
gµν

)
(538)

d̃iα

γν

d̃∗jβ

γµ

i

18
δαβ

((
− 3g2 sin ΘW + g1 cos ΘW

)2 3∑
a=1

ZD,∗ia ZDja + 4g2
1 cos Θ2

W

3∑
a=1

ZD,∗i3+aZ
D
j3+a

)(
gµν

)
(539)

d̃iα

Zν

d̃∗jβ

γµ

− i

18
δαβ

((
− 3g2 sin ΘW + g1 cos ΘW

)(
3g2 cos ΘW cos Θ′W − 6gpQq sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZD,∗ia ZDja

+ 4g1 cos ΘW

(
− 3gpQd sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZD,∗i3+aZ
D
j3+a

)(
gµν

)
(540)

d̃iα

Z ′ν

d̃∗jβ

γµ
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i

18
δαβ

((
− 3g2 sin ΘW + g1 cos ΘW

)((
3g2 cos ΘW + g1 sin ΘW

)
sin Θ′W + 6gpQq cos Θ′W

) 3∑
a=1

ZD,∗ia ZDja

+ 4g1 cos ΘW

(
3gpQd cos Θ′W + g1 sin ΘW sin Θ′W

) 3∑
a=1

ZD,∗i3+aZ
D
j3+a

)(
gµν

)
(541)

d̃iα

γν

ũ∗jβ

W+
µ

i

3

1√
2
g1g2 cos ΘW δαβ

3∑
a=1

ZD,∗ia ZUja

(
gµν

)
(542)

d̃iα

W−ν

d̃∗jβ

W+
µ

i

2
g2

2δαβ

3∑
a=1

ZD,∗ia ZDja

(
gµν

)
(543)

d̃iα

Zν

d̃∗jβ

Zµ
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i

18
δαβ

((
3g2 cos ΘW cos Θ′W − 6gpQq sin Θ′W + g1 cos Θ′W sin ΘW

)2 3∑
a=1

ZD,∗ia ZDja

+ 4
(
− 3gpQd sin Θ′W + g1 cos Θ′W sin ΘW

)2 3∑
a=1

ZD,∗i3+aZ
D
j3+a

)(
gµν

)
(544)

d̃iα

Z ′ν

d̃∗jβ

Zµ

− i

18
δαβ

((
6g1gpQq cos Θ′

2
W sin ΘW + 9g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 36g2

pQ
2
q + g2

1 sin Θ2
W

)
sin Θ′W − 6g1gpQq sin ΘW sin Θ′

2
W

+ 6g2 cos ΘW

(
3gpQq cos Θ′

2
W − 3gpQq sin Θ′

2
W + g1 cos Θ′W sin ΘW sin Θ′W

)) 3∑
a=1

ZD,∗ia ZDja

+ 2
(

6g1gpQd cos Θ′
2
W sin ΘW + g2

1 sin Θ2
W sin 2Θ′W

− 3gpQd

(
2g1 sin ΘW sin Θ′

2
W + 3gpQd sin 2Θ′W

)) 3∑
a=1

ZD,∗i3+aZ
D
j3+a

)(
gµν

)
(545)

d̃iα

Zν

ũ∗jβ

W+
µ

− i

3

1√
2
g2δαβ

(
− 6gpQq sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZD,∗ia ZUja

(
gµν

)
(546)
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d̃iα

Z ′ν

d̃∗jβ

Z ′µ

i

18
δαβ

(((
3g2 cos ΘW + g1 sin ΘW

)
sin Θ′W + 6gpQq cos Θ′W

)2 3∑
a=1

ZD,∗ia ZDja

+ 4
(

3gpQd cos Θ′W + g1 sin ΘW sin Θ′W

)2 3∑
a=1

ZD,∗i3+aZ
D
j3+a

)(
gµν

)
(547)

d̃iα

Z ′ν

ũ∗jβ

W+
µ

i

3

1√
2
g2δαβ

(
6gpQq cos Θ′W + g1 sin ΘW sin Θ′W

) 3∑
a=1

ZD,∗ia ZUja

(
gµν

)
(548)

ẽi

γν

ẽ∗j

γµ

i

2

(
4g2

1 cos Θ2
W

3∑
a=1

ZE,∗i3+aZ
E
j3+a +

(
g1 cos ΘW + g2 sin ΘW

)2 3∑
a=1

ZE,∗ia ZEja

)(
gµν

)
(549)
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ẽi

Zν

ẽ∗j

γµ

− i

2

((
g1 cos ΘW + g2 sin ΘW

)(
2gpQl sin Θ′W + g1 cos Θ′W sin ΘW − g2 cos ΘW cos Θ′W

) 3∑
a=1

ZE,∗ia ZEja

+ 4g1 cos ΘW

(
g1 cos Θ′W sin ΘW − gpQe sin Θ′W

) 3∑
a=1

ZE,∗i3+aZ
E
j3+a

)(
gµν

)
(550)

ẽi

Z ′ν

ẽ∗j

γµ

i

2

((
g1 cos ΘW + g2 sin ΘW

)(
− 2gpQl cos Θ′W +

(
g1 sin ΘW − g2 cos ΘW

)
sin Θ′W

) 3∑
a=1

ZE,∗ia ZEja

+ 4g1 cos ΘW

(
g1 sin ΘW sin Θ′W + gpQe cos Θ′W

) 3∑
a=1

ZE,∗i3+aZ
E
j3+a

)(
gµν

)
(551)

ẽi

γν

ν̃∗j

W+
µ
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− i 1√
2
g1g2 cos ΘW

3∑
a=1

ZE,∗ia ZVja

(
gµν

)
(552)

ẽi

W−ν

ẽ∗j

W+
µ

i

2
g2

2

3∑
a=1

ZE,∗ia ZEja

(
gµν

)
(553)

ẽi

Zν

ẽ∗j

Zµ

i

2

((
2gpQl sin Θ′W + g1 cos Θ′W sin ΘW − g2 cos ΘW cos Θ′W

)2 3∑
a=1

ZE,∗ia ZEja

+ 4
(
g1 cos Θ′W sin ΘW − gpQe sin Θ′W

)2 3∑
a=1

ZE,∗i3+aZ
E
j3+a

)(
gµν

)
(554)

ẽi

Z ′ν

ẽ∗j

Zµ
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− i

2

((
− 2g1gpQl cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
l + g2

1 sin Θ2
W

)
sin Θ′W + 2g1gpQl sin ΘW sin Θ′

2
W

+ 2g2 cos ΘW

(
− g1 cos Θ′W sin ΘW sin Θ′W + gpQl cos Θ′

2
W − gpQl sin Θ′

2
W

)) 3∑
a=1

ZE,∗ia ZEja

+ 4
(
g1gpQe cos Θ′

2
W sin ΘW + cos Θ′W

(
g2

1 sin Θ2
W − g2

pQ
2
e

)
sin Θ′W

− g1gpQe sin ΘW sin Θ′
2
W

) 3∑
a=1

ZE,∗i3+aZ
E
j3+a

)(
gµν

)
(555)

ẽi

Zν

ν̃∗j

W+
µ

i
1√
2
g2

(
2gpQl sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZE,∗ia ZVja

(
gµν

)
(556)

ẽi

Z ′ν

ẽ∗j

Z ′µ

i

2

((
2gpQl cos Θ′W +

(
− g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2 3∑
a=1

ZE,∗ia ZEja

+ 4
(
g1 sin ΘW sin Θ′W + gpQe cos Θ′W

)2 3∑
a=1

ZE,∗i3+aZ
E
j3+a

)(
gµν

)
(557)
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ẽi

Z ′ν

ν̃∗j

W+
µ

i
1√
2
g2

(
2gpQl cos Θ′W − g1 sin ΘW sin Θ′W

) 3∑
a=1

ZE,∗ia ZVja

(
gµν

)
(558)

ũiα

gδν

ũ∗jβ

gγµ

i

4
g2

3δij

( 3∑
a=1

λγa,αλ
δ
β,a +

3∑
a=1

λγβ,aλ
δ
a,α

)(
gµν

)
(559)

ũiα

γν

ũ∗jβ

gγµ

i

6
g3λ

γ
β,α

((
3g2 sin ΘW + g1 cos ΘW

) 3∑
a=1

ZU,∗ia ZUja + 4g1 cos ΘW

3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(560)
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ũiα

W−ν

d̃∗jβ

gγµ

i
1√
2
g2g3λ

γ
β,α

3∑
a=1

ZU,∗ia ZDja

(
gµν

)
(561)

ũiα

Zν

ũ∗jβ

gγµ

i

6
g3λ

γ
β,α

((
3g2 cos ΘW cos Θ′W + 6gpQq sin Θ′W − g1 cos Θ′W sin ΘW

) 3∑
a=1

ZU,∗ia ZUja

− 2
(

2g1 cos Θ′W sin ΘW + 3gpQu sin Θ′W

) 3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(562)

ũiα

Z ′ν

ũ∗jβ

gγµ

i

6
g3λ

γ
β,α

(((
− 3g2 cos ΘW + g1 sin ΘW

)
sin Θ′W + 6gpQq cos Θ′W

) 3∑
a=1

ZU,∗ia ZUja

174



+ 2
(

2g1 sin ΘW sin Θ′W − 3gpQu cos Θ′W

) 3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(563)

ũiα

γν

ũ∗jβ

γµ

i

18
δαβ

(
16g2

1 cos Θ2
W

3∑
a=1

ZU,∗i3+aZ
U
j3+a +

(
3g2 sin ΘW + g1 cos ΘW

)2 3∑
a=1

ZU,∗ia ZUja

)(
gµν

)
(564)

ũiα

W−ν

d̃∗jβ

γµ

i

3

1√
2
g1g2 cos ΘW δαβ

3∑
a=1

ZU,∗ia ZDja

(
gµν

)
(565)

ũiα

Zν

ũ∗jβ

γµ
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− i

18
δαβ

((
3g2 sin ΘW + g1 cos ΘW

)(
− 3g2 cos ΘW cos Θ′W − 6gpQq sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZU,∗ia ZUja

+ 8g1

(
3gpQu cos ΘW sin Θ′W + g1 cos Θ′W sin 2ΘW

) 3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(566)

ũiα

Z ′ν

ũ∗jβ

γµ

i

18
δαβ

((
3g2 sin ΘW + g1 cos ΘW

)((
− 3g2 cos ΘW + g1 sin ΘW

)
sin Θ′W + 6gpQq cos Θ′W

) 3∑
a=1

ZU,∗ia ZUja

+ 8g1

(
− 3gpQu cos ΘW cos Θ′W + g1 sin 2ΘW sin Θ′W

) 3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(567)

ũiα

Zν

d̃∗jβ

W−µ

− i

3

1√
2
g2δαβ

(
− 6gpQq sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZU,∗ia ZDja

(
gµν

)
(568)
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ũiα

Z ′ν

d̃∗jβ

W−µ

i

3

1√
2
g2δαβ

(
6gpQq cos Θ′W + g1 sin ΘW sin Θ′W

) 3∑
a=1

ZU,∗ia ZDja

(
gµν

)
(569)

ũiα

W−ν

ũ∗jβ

W+
µ

i

2
g2

2δαβ

3∑
a=1

ZU,∗ia ZUja

(
gµν

)
(570)

ũiα

Zν

ũ∗jβ

Zµ

i

18
δαβ

((
3g2 cos ΘW cos Θ′W + 6gpQq sin Θ′W − g1 cos Θ′W sin ΘW

)2 3∑
a=1

ZU,∗ia ZUja

+ 4
(

2g1 cos Θ′W sin ΘW + 3gpQu sin Θ′W

)2 3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(571)
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ũiα

Z ′ν

ũ∗jβ

Zµ

− i

18
δαβ

((
6g1gpQq cos Θ′

2
W sin ΘW + 9g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 36g2

pQ
2
q + g2

1 sin Θ2
W

)
sin Θ′W − 6g1gpQq sin ΘW sin Θ′

2
W

− 6g2 cos ΘW

(
3gpQq cos Θ′

2
W − 3gpQq sin Θ′

2
W + g1 cos Θ′W sin ΘW sin Θ′W

)) 3∑
a=1

ZU,∗ia ZUja

− 2
(

6g1gpQu sin−2Θ′W + ΘW − g2
1 sin 2

(
−Θ′W + ΘW

)
− 2g2

1 sin 2Θ′W + 9g2
pQ

2
u sin 2Θ′W

+ g2
1 sin 2

(
ΘW + Θ′W

)
+ 6g1gpQu sin 2Θ′W + ΘW

) 3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(572)

ũiα

Z ′ν

ũ∗jβ

Z ′µ

i

18
δαβ

(((
− 3g2 cos ΘW + g1 sin ΘW

)
sin Θ′W + 6gpQq cos Θ′W

)2 3∑
a=1

ZU,∗ia ZUja

+ 4
(
− 2g1 sin ΘW sin Θ′W + 3gpQu cos Θ′W

)2 3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(573)
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ν̃i

W−ν

ẽ∗j

γµ

− i 1√
2
g1g2 cos ΘW

3∑
a=1

ZV,∗ia ZEja

(
gµν

)
(574)

ν̃i

Zν

ẽ∗j

W−µ

i
1√
2
g2

(
2gpQl sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZV,∗ia ZEja

(
gµν

)
(575)

ν̃i

Z ′ν

ẽ∗j

W−µ

i
1√
2
g2

(
2gpQl cos Θ′W − g1 sin ΘW sin Θ′W

) 3∑
a=1

ZV,∗ia ZEja

(
gµν

)
(576)
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ν̃i

W−ν

ν̃∗j

W+
µ

i

2
g2

2δij

(
gµν

)
(577)

ν̃i

Zν

ν̃∗j

Zµ

i

2
δij

(
2gpQl sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)2(
gµν

)
(578)

ν̃i

Z ′ν

ν̃∗j

Zµ

− i

2
δij

(
− 2g1gpQl cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
l + g2

1 sin Θ2
W

)
sin Θ′W + 2g1gpQl sin ΘW sin Θ′

2
W

+ 2g2 cos ΘW

(
g1 cos Θ′W sin ΘW sin Θ′W − gpQl cos Θ′

2
W + gpQl sin Θ′

2
W

))(
gµν

)
(579)
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ν̃i

Z ′ν

ν̃∗j

Z ′µ

i

2
δij

(
− 2gpQl cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2(
gµν

)
(580)

9.9 Four Vector Boson-Interaction

gαρ

gδν

gβσ

gγµ

− ig2
3

( 8∑
a=1

fα,δ,afβ,γ,a +

8∑
a=1

fα,γ,afβ,δ,a

)(
gρσgµν

)
(581)

+ ig2
3

(
−

8∑
a=1

fα,β,afγ,δ,a +

8∑
a=1

fα,δ,afβ,γ,a

)(
gρµgσν

)
(582)

+ ig2
3

( 8∑
a=1

fα,γ,afβ,δ,a +

8∑
a=1

fα,β,afγ,δ,a

)(
gρνgσµ

)
(583)

W+
ρ

W−ν

γσ

γµ
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ig2
2 sin Θ2

W

(
gρσgµν

)
(584)

+ ig2
2 sin Θ2

W

(
gρµgσν

)
(585)

+ −2ig2
2 sin Θ2

W

(
gρνgσµ

)
(586)

W+
ρ

Zν

γσ

W−µ

ig2
2 cos ΘW cos Θ′W sin ΘW

(
gρσgµν

)
(587)

+ −ig2
2 cos Θ′W sin 2ΘW

(
gρµgσν

)
(588)

+ ig2
2 cos ΘW cos Θ′W sin ΘW

(
gρνgσµ

)
(589)

W+
ρ

Z ′ν

γσ

W−µ

− ig2
2 cos ΘW sin ΘW sin Θ′W

(
gρσgµν

)
(590)

+ ig2
2 sin 2ΘW sin Θ′W

(
gρµgσν

)
(591)

+ −ig2
2 cos ΘW sin ΘW sin Θ′W

(
gρνgσµ

)
(592)
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W+
ρ

W−ν

W+
σ

W−µ

2ig2
2

(
gρσgµν

)
(593)

+ −ig2
2

(
gρµgσν

)
(594)

+ −ig2
2

(
gρνgσµ

)
(595)

W+
ρ

Zν

W−σ

Zµ

− 2ig2
2 cos Θ2

W cos Θ′
2
W

(
gρσgµν

)
(596)

+ ig2
2 cos Θ2

W cos Θ′
2
W

(
gρµgσν

)
(597)

+ ig2
2 cos Θ2

W cos Θ′
2
W

(
gρνgσµ

)
(598)

W+
ρ

Z ′ν

W−σ

Zµ
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ig2
2 cos Θ2

W sin 2Θ′W

(
gρσgµν

)
(599)

+ −ig2
2 cos Θ2

W cos Θ′W sin Θ′W

(
gρµgσν

)
(600)

+ −ig2
2 cos Θ2

W cos Θ′W sin Θ′W

(
gρνgσµ

)
(601)

W+
ρ

Z ′ν

W−σ

Z ′µ

− 2ig2
2 cos Θ2

W sin Θ′
2
W

(
gρσgµν

)
(602)

+ ig2
2 cos Θ2

W sin Θ′
2
W

(
gρµgσν

)
(603)

+ ig2
2 cos Θ2

W sin Θ′
2
W

(
gρνgσµ

)
(604)

9.10 Two Ghosts-One Vector Boson-Interaction

η̄Gα

ηGβ

gγµ

g3fα,β,γ

(
p
ηGβ
µ

)
(605)
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η̄−

ηγ

W−µ

ig2 sin ΘW

(
pη

γ

µ

)
(606)

η̄+

ηγ

W+
µ

− ig2 sin ΘW

(
pη

γ

µ

)
(607)

η̄−

η−

γµ

− ig2 sin ΘW

(
pη
−

µ

)
(608)
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η̄−

η−

Zµ

− ig2 cos ΘW cos Θ′W

(
pη
−

µ

)
(609)

η̄−

η−

Z ′µ

ig2 cos ΘW sin Θ′W

(
pη
−

µ

)
(610)

η̄γ

η−

W+
µ

ig2 sin ΘW

(
pη
−

µ

)
(611)
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η̄Z

η−

W+
µ

ig2 cos ΘW cos Θ′W

(
pη
−

µ

)
(612)

¯ηZ′

η−

W+
µ

− ig2 cos ΘW sin Θ′W

(
pη
−

µ

)
(613)

η̄+

η+

γµ

ig2 sin ΘW

(
pη

+

µ

)
(614)

187



η̄γ

η+

W−µ

− ig2 sin ΘW

(
pη

+

µ

)
(615)

η̄Z

η+

W−µ

− ig2 cos ΘW cos Θ′W

(
pη

+

µ

)
(616)

¯ηZ′

η+

W−µ

ig2 cos ΘW sin Θ′W

(
pη

+

µ

)
(617)
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η̄+

η+

Zµ

ig2 cos ΘW cos Θ′W

(
pη

+

µ

)
(618)

η̄+

η+

Z ′µ

− ig2 cos ΘW sin Θ′W

(
pη

+

µ

)
(619)

η̄−

ηZ

W−µ

ig2 cos ΘW cos Θ′W

(
pη

Z

µ

)
(620)
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η̄+

ηZ

W+
µ

− ig2 cos ΘW cos Θ′W

(
pη

Z

µ

)
(621)

η̄−

ηZ
′

W−µ

− ig2 cos ΘW sin Θ′W

(
pη

Z′

µ

)
(622)

η̄+

ηZ
′

W+
µ

ig2 cos ΘW sin Θ′W

(
pη

Z′

µ

)
(623)
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9.11 Two Ghosts-One Scalar-Interaction

η̄−

η−

A0
k

1

4
g2

2

(
vdZ

A,∗
k1 − vuZ

A,∗
k2

)
ξW− (624)

η̄+

η+

A0
k

1

4
g2

2

(
− vdZA,∗k1 + vuZ

A,∗
k2

)
ξW− (625)

η̄−

ηγ

H−k

i

4
g2ξW−

(
g1 cos ΘW + g2 sin ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(626)
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η̄+

ηγ

H+
k

i

4
g2ξW−

(
g1 cos ΘW + g2 sin ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(627)

η̄−

η−

hk

− i

4
g2

2

(
vdZ

H,∗
k1 + vuZ

H,∗
k2

)
ξW− (628)

η̄Z

η−

H+
k

− i

4
g2ξZ

(
vd

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Z+
k1

− vu
(
− 2gpQHu sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Z+
k2

)
(629)
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¯ηZ′

η−

H+
k

i

4
g2ξZ′

(
vd

(
− 2gpQHd cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Z+
k1

− vu
(

2gpQHu cos Θ′W +
(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Z+
k2

)
(630)

η̄+

η+

hk

− i

4
g2

2

(
vdZ

H,∗
k1 + vuZ

H,∗
k2

)
ξW− (631)

η̄Z

η+

H−k

− i

4
g2ξZ

(
vd

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Z+
k1

− vu
(
− 2gpQHu sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Z+
k2

)
(632)
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¯ηZ′

η+

H−k

i

4
g2ξZ′

(
vd

(
− 2gpQHd cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Z+
k1

− vu
(

2gpQHu cos Θ′W +
(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Z+
k2

)
(633)

η̄Z

ηZ

hk

− i

4
ξZ

(
4g2
p

(
Q2

1v1Z
H,∗
k4 +Q2

2v2Z
H,∗
k5 +Q2

3v3Z
H,∗
k6 +Q2

svsZ
H,∗
k3

)
sin Θ′

2
W

+ vdZ
H,∗
k1

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)2

+ vuZ
H,∗
k2

(
− 2gpQHu sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)2)
(634)

¯ηZ′

ηZ

hk
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i

4
ξZ′
(
vdZ

H,∗
k1

(
− 2g1gpQHd cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
Hd

+ g2
1 sin Θ2

W

)
sin Θ′W + 2g1gpQHd sin ΘW sin Θ′

2
W

+ 2g2 cos ΘW

(
g1 cos Θ′W sin ΘW sin Θ′W − gpQHd cos Θ′

2
W + gpQHd sin Θ′

2
W

))
+ vuZ

H,∗
k2

(
2g1gpQHu cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
Hu + g2

1 sin Θ2
W

)
sin Θ′W − 2g1gpQHu sin ΘW sin Θ′

2
W

+ 2g2 cos ΘW

(
g1 cos Θ′W sin ΘW sin Θ′W + gpQHu cos Θ′

2
W − gpQHu sin Θ′

2
W

))
− 2g2

p

(
Q2

1v1Z
H,∗
k4 +Q2

2v2Z
H,∗
k5 +Q2

3v3Z
H,∗
k6 +Q2

svsZ
H,∗
k3

)
sin 2Θ′W

)
(635)

η̄−

ηZ

H−k

i

4
g2ξW−

(
vd

(
− 2gpQHd sin Θ′W − g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Z+
k1

+ vu

(
− 2gpQHu sin Θ′W + g1 cos Θ′W sin ΘW − g2 cos ΘW cos Θ′W

)
Z+
k2

)
(636)

η̄+

ηZ

H+
k

i

4
g2ξW−

(
vd

(
− 2gpQHd sin Θ′W − g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W

)
Z+
k1

+ vu

(
− 2gpQHu sin Θ′W + g1 cos Θ′W sin ΘW − g2 cos ΘW cos Θ′W

)
Z+
k2

)
(637)
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η̄Z

ηZ
′

hk

i

4
ξZ

(
vdZ

H,∗
k1

(
− 2g1gpQHd cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
Hd

+ g2
1 sin Θ2

W

)
sin Θ′W + 2g1gpQHd sin ΘW sin Θ′

2
W

+ 2g2 cos ΘW

(
g1 cos Θ′W sin ΘW sin Θ′W − gpQHd cos Θ′

2
W + gpQHd sin Θ′

2
W

))
+ vuZ

H,∗
k2

(
2g1gpQHu cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
Hu + g2

1 sin Θ2
W

)
sin Θ′W − 2g1gpQHu sin ΘW sin Θ′

2
W

+ 2g2 cos ΘW

(
g1 cos Θ′W sin ΘW sin Θ′W + gpQHu cos Θ′

2
W − gpQHu sin Θ′

2
W

))
− 2g2

p

(
Q2

1v1Z
H,∗
k4 +Q2

2v2Z
H,∗
k5 +Q2

3v3Z
H,∗
k6 +Q2

svsZ
H,∗
k3

)
sin 2Θ′W

)
(638)

¯ηZ′

ηZ
′

hk

− i

4
ξZ′
(

4g2
p

(
Q2

1v1Z
H,∗
k4 +Q2

2v2Z
H,∗
k5 +Q2

3v3Z
H,∗
k6 +Q2

svsZ
H,∗
k3

)
cos Θ′

2
W

+ vdZ
H,∗
k1

(
− 2gpQHd cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2

+ vuZ
H,∗
k2

(
2gpQHu cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2)
(639)
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η̄−

ηZ
′

H−k

− i

4
g2ξW−

(
vd

(
2gpQHd cos Θ′W +

(
− g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Z+
k1

+ vu

(
2gpQHu cos Θ′W +

(
g1 sin ΘW − g2 cos ΘW

)
sin Θ′W

)
Z+
k2

)
(640)

η̄+

ηZ
′

H+
k

− i

4
g2ξW−

(
vd

(
2gpQHd cos Θ′W +

(
− g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
Z+
k1

+ vu

(
2gpQHu cos Θ′W +

(
g1 sin ΘW − g2 cos ΘW

)
sin Θ′W

)
Z+
k2

)
(641)

10 Clebsch-Gordan Coefficients
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