
U(1) extended MSSM
Superpotential, Rotations and Interactions for eigenstates ’EWSB’

including Renormalization Group Equations
including one-loop Self-Energies

SARAH 4.6.0

November 18, 2015

This file was automatically generated by SARAH version 4.6.0.
References: arXiv: 1309.7223 ,Comput.Phys.Commun.184:1792-1809,2011 (1207.0906) ,Comput.Phys.Commun.182:808-
833,2011 (1002.0840) , Comput.Phys.Commun.181:1077-1086,2010 (0909.2863) , arXiv: 0806.0538
Package Homepage: projects.hepforge.org/sarah/
by Florian Staub, florian.staub@cern.ch

1



Contents
1 Superfields 3

1.1 Vector Superfields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.2 Chiral Superfields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Superpotential and Lagrangian 3
2.1 Superpotential . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.2 Softbreaking terms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.3 Gauge fixing terms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.3.1 Gauge fixing terms for eigenstates ’GaugeES’ . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
2.3.2 Gauge fixing terms for eigenstates ’EWSB’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

2.4 Fields integrated out . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

3 Renormalization Group Equations 4
3.1 Anomalous Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
3.2 Gauge Couplings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
3.3 Gaugino Mass Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
3.4 Trilinear Superpotential Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
3.5 Trilinear Soft-Breaking Parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
3.6 Soft-Breaking Scalar Masses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.7 Vacuum expectation values . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

4 Field Rotations 43
4.1 Rotations in gauge sector for eigenstates ’EWSB’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
4.2 Rotations in Mass sector for eigenstates ’EWSB’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

4.2.1 Mass Matrices for Scalars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
4.2.2 Mass Matrices for Fermions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

5 Vacuum Expectation Values 50

6 Tadpole Equations 50

7 Particle content for eigenstates ’EWSB’ 50

8 One Loop Self-Energy and One Loop Tadpoles for eigenstates ’EWSB’ 51
8.1 One Loop Self-Energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
8.2 Tadpoles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

9 Interactions for eigenstates ’EWSB’ 75
9.1 Three Scalar-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
9.2 Two Scalar-One Vector Boson-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86
9.3 One Scalar-Two Vector Boson-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
9.4 Two Fermion-One Vector Boson-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
9.5 Two Fermion-One Scalar Boson-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
9.6 Three Vector Boson-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 126
9.7 Four Scalar-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

2



9.8 Two Scalar-Two Vector Boson-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159
9.9 Four Vector Boson-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
9.10 Two Ghosts-One Vector Boson-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 190
9.11 Two Ghosts-One Scalar-Interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196

10 Clebsch-Gordan Coefficients 203

3



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 λU 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, Qq)

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)

SF
(
vR
)

conj
(
SvR

)
conj

(
FvR

)
3 (1,1,1, Qv)

ŝ S S̃ 1 (0,1,1, Qs)

2 Superpotential and Lagrangian

2.1 Superpotential

W = − Yd d̂ q̂ Ĥd − Ye ê l̂ Ĥd + λ Ĥu Ĥd ŝ + Yν l̂ Ĥu SF
(
vR
)

+ Yu û q̂ Ĥu (1)

2.2 Softbreaking terms

−LSB,W = −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+
u conj

(
SvR

(
{gt3}

))
ẽL,iTν,ik +H0

uconj
(
SvR

(
{gt3}

))
ν̃L,iTν,ik + h.c. (2)

−LSB,φ = +m2
Hd
|H0

d |2 +m2
Hd
|H−d |

2 +m2
Hu |H

0
u|2 +m2

Hu |H
+
u |2 +m2

S |S|2 + d̃∗L,iαδαβm
2
q,ij d̃L,jβ

+ 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

4



+ ũ∗R,iαδαβm
2
u,ij ũR,jβ + ν̃∗L,im

2
l,ij ν̃L,j + conj

(
SvR

(
{gt1}

))
m2
ν,ijSvR

(
{gt2}

)
(3)

−LSB,λ =
1

2

(
λ2
B̃
M1δij + λ2

UMZδij +M2δijλW̃ ,iλW̃ ,j +M3δijλg̃,αλg̃,β + h.c.
)

(4)

2.3 Gauge fixing terms
2.3.1 Gauge fixing terms for eigenstates ’GaugeES’

LGF = − 1

2
|∂µB|2ξ−1

B −
1

2
|∂µg|2ξ−1

g −
1

2
|∂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
|1
2

(
2∂µZ

+ ξZ

(
g2

(
σdvd − σuvu

)
cos ΘW cos Θ′W + g1

(
σdvd − σuvu

)
cos Θ′W sin ΘW

+ 2gp

(
QHdσdvd +QHuσuvu +Qsσsvs

)
sin Θ′W

))
|2ξ−1

Z

− 1

2
|1
2

(
2∂µZ

′

+ ξZ′
(

2gp

(
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

(
253g4

1 + 10g2
1

(
4
(

3g2
pQq

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

)
+ 4g2

3

)
+ 9g2

2

)
+ 25

(
135g4

2 + 72g2
2

(
3g2
pQ

2
q + 4g2

3

)
+ 8
(

48g2
3g

2
pQ

2
q − 4g4

3 + 9g4
pQ

2
q

(
20Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

e + 3Q2
v + 6Q2

q + 9Q2
d + 9Q2

u +Q2
s

))))
1

+
4

5
g2

1Y
†
uYu + 2g2

pQ
2
HuY

†
uYu − 2g2

pQ
2
qY
†
uYu + 2g2

pQ
2
uY
†
uYu
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− |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

)
− Y †uYuTr

(
YνY

†
ν

)
(8)

γ
(1)

l̂
= − 1

10

(
15g2

2 + 20g2
pQ

2
q + 3g2

1

)
1 + Y †e Ye + Y ∗ν Y

T
ν (9)

γ
(2)

l̂
= +

1

100

(
261g4

1 + 30g2
1

(
3g2

2 − 4g2
pQq

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

))
+ 25

(
15g4

2 + 24g2
2g

2
pQ

2
q + 8g4

pQ
2
q

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

e + 3Q2
v + 8Q2

q + 9Q2
d + 9Q2

u +Q2
s

)))
1

+
6

5
g2

1Y
∗
ν Y

T
ν + 2g2

pQ
2
HuY

∗
ν Y

T
ν − 2g2

pQ
2
qY
∗
ν Y

T
ν + 2g2

pQ
2
vY
∗
ν Y

T
ν

− |λ|2Y ∗ν Y Tν − 2Y †e YeY
†
e Ye − 2Y ∗ν Y

T
ν Y

∗
ν Y

T
ν

+ Y †e Ye

(
2g2
pQ

2
e + 2g2

pQ
2
Hd
− 2g2

pQ
2
q − 3Tr

(
YdY

†
d

)
+

6

5
g2

1 − |λ|2 − Tr
(
YeY

†
e

))
− 3Y ∗ν Y

T
ν Tr

(
YuY

†
u

)
− Y ∗ν Y Tν Tr

(
YνY

†
ν

)
(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
= +

261

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
pQHdQq + 12g4

pQ
2
Hd
Q2
q −

18

5
g2

1g
2
pQHdQq + 36g4

pQ
2
Hd
Q2
q

+ 2g4
pQ

2
Hd
Q2
s +

36

5
g2

1g
2
pQHdQu + 18g4

pQ
2
Hd
Q2
u −

18

5
g2

1g
2
pQHdQv + 6g4

pQ
2
Hd
Q2
v

− 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
qTr
(
YeY

†
e

)
− |λ|2

(
2g2
p

(
−Q2

Hu −Q
2
s +Q2

Hd

)
+ 3Tr

(
YuY

†
u

)
+ Tr

(
YνY

†
ν

))
− 9Tr

(
YdY

†
d YdY

†
d

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 3Tr

(
YeY

†
e YeY

†
e

)
− Tr

(
YνY

†
ν Y

T
e Y

∗
e

)
(12)

γ
(1)

Ĥu
= −2g2

pQ
2
Hu + 3Tr

(
YuY

†
u

)
− 3

10
g2

1 −
3

2
g2

2 + |λ|2 + Tr
(
YνY

†
ν

)
(13)

γ
(2)

Ĥu
= +

261

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
pQHuQq + 12g4

pQ
2
HuQ

2
q +

18

5
g2

1g
2
pQHuQq + 36g4

pQ
2
HuQ

2
q

+ 2g4
pQ

2
HuQ

2
s −

36

5
g2

1g
2
pQHuQu + 18g4

pQ
2
HuQ

2
u +

18

5
g2

1g
2
pQHuQv + 6g4

pQ
2
HuQ

2
v
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− 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

)
+

6

5
g2

1Tr
(
YνY

†
ν

)
− 2g2

pQ
2
HuTr

(
YνY

†
ν

)
+ 2g2

pQ
2
qTr
(
YνY

†
ν

)
+ 2g2

pQ
2
vTr
(
YνY

†
ν

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 9Tr

(
YuY

†
uYuY

†
u

)
− 3Tr

(
YνY

†
ν YνY

†
ν

)
− Tr

(
YνY

†
ν Y

T
e Y

∗
e

)
(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

(
128g4

1 + 10g2
1

(
3g2
pQd

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

)
+ 8g2

3

)
− 25

(
− 48g2

3g
2
pQ

2
d + 4g4

3 − 9g4
pQ

2
d

(
11Q2

d + 18Q2
q + 2Q2

Hd
+ 2Q2

Hu + 3Q2
e + 3Q2

v + 6Q2
q + 9Q2

u +Q2
s

)))
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

(
536g4

1 + 20g2
1

(
16g2

3 − 3g2
pQu

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

))
− 25

(
− 48g2

3g
2
pQ

2
u + 4g4

3 − 9g4
pQ

2
u

(
11Q2

u + 18Q2
q + 2Q2

Hd
+ 2Q2

Hu + 3Q2
e + 3Q2

v + 6Q2
q + 9Q2

d +Q2
s

)))
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 − 2Tr

(
YνY

†
ν

)
+ 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

(
144g4

1 + 30g2
1g

2
pQe

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

)
+ 25g4

pQ
2
e

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

v + 5Q2
e + 6Q2

q + 9Q2
d + 9Q2

u +Q2
s

))
1

− 2
(
Y ∗e YνY

†
ν Y

T
e + Y ∗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
q + 6g2

2 − 6Tr
(
YdY

†
d

)
− 6

5
g2

1

)
(20)

γ
(1)

SF

(
vR

) = 2Y †ν Yν −
2

5

(
3g2

1 + 5g2
pQ

2
v

)
1 (21)

γ
(2)

SF

(
vR

) = +
2

25

(
144g4

1 + 30g2
1g

2
pQv

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

)
+ 25g4

pQ
2
v

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

e + 5Q2
v + 6Q2

q + 9Q2
d + 9Q2

u +Q2
s

))
1

− 2
(
Y †ν YνY

†
ν Yν + Y †ν Y

T
e Y

∗
e Yν

)

7



+ Y †ν Yν

(
− 2|λ|2 − 2Tr

(
YνY

†
ν

)
+ 4g2

pQ
2
Hu + 4g2

pQ
2
q − 4g2

pQ
2
v + 6g2

2 − 6Tr
(
YuY

†
u

)
− 6

5
g2

1

)
(22)

γ
(1)
ŝ = −2g2

pQ
2
s + 2|λ|2 (23)

γ
(2)
ŝ = +2g4

pQ
2
s

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

e + 3Q2
s + 3Q2

v + 6Q2
q + 9Q2

d + 9Q2
u

)
− 4λ2λ∗,2

+
2

5
|λ|2

(
3g2

1 + 15g2
2 + 10g2

pQ
2
Hd

+ 10g2
pQ

2
Hu − 10g2

pQ
2
s − 15Tr

(
YdY

†
d

)
− 5Tr

(
YeY

†
e

)
− 15Tr

(
YuY

†
u

)
− 5Tr

(
YνY

†
ν

))
(24)

3.2 Gauge Couplings

β(1)
g1 =

42

5
g3

1 (25)

β(2)
g1 =

1

25
g3

1

(
307g2

1 + 135g2
2 + 440g2

3 + 60g2
pQ

2
d + 180g2

pQ
2
e + 30g2

pQ
2
Hd

+ 30g2
pQ

2
Hu + 90g2

pQ
2
q

+ 30g2
pQ

2
q + 240g2

pQ
2
u + 180g2

pQ
2
v − 30|λ|2 − 70Tr

(
YdY

†
d

)
− 90Tr

(
YeY

†
e

)
− 130Tr

(
YuY

†
u

)
− 90Tr

(
YνY

†
ν

))
(26)

β(1)
g2 = g3

2 (27)

β(2)
g2 =

1

5
g3

2

(
9g2

1 + 125g2
2 + 120g2

3 + 10g2
pQ

2
Hd

+ 10g2
pQ

2
Hu + 30g2

pQ
2
q + 90g2

pQ
2
q − 10|λ|2

− 30Tr
(
YdY

†
d

)
− 10Tr

(
YeY

†
e

)
− 30Tr

(
YuY

†
u

)
− 10Tr

(
YνY

†
ν

))
(28)

β(1)
g3 = −3g3

3 (29)

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

)
(30)

β(1)
gp = g3

p

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

e + 3Q2
v + 6Q2

q + 9Q2
d + 9Q2

u +Q2
s

)
(31)

β(2)
gp =

2

5
g3
p

(
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
q + 45g2

2Q
2
q + 60g2

pQ
4
q

+ 3g2
1Q

2
q + 135g2

2Q
2
q + 240g2

3Q
2
q + 180g2

pQ
4
q + 10g2

pQ
4
s + 24g2

1Q
2
u + 120g2

3Q
2
u

+ 90g2
pQ

4
u + 18g2

1Q
2
v + 30g2

pQ
4
v − 10

(
Q2
Hd

+Q2
Hu +Q2

s

)
|λ|2 − 30

(
Q2
d +Q2

Hd
+Q2

q

)
Tr
(
YdY

†
d

)
− 10Q2

eTr
(
YeY

†
e

)
− 10Q2

Hd
Tr
(
YeY

†
e

)
− 10Q2

qTr
(
YeY

†
e

)
− 30Q2

HuTr
(
YuY

†
u

)
− 30Q2

qTr
(
YuY

†
u

)
− 30Q2

uTr
(
YuY

†
u

)
− 10Q2

HuTr
(
YνY

†
ν

)
− 10Q2

qTr
(
YνY

†
ν

)
− 10Q2

vTr
(
YνY

†
ν

))
(32)
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3.3 Gaugino Mass Parameters

β
(1)
M1

=
84

5
g2

1M1 (33)

β
(2)
M1

=
2

25
g2

1

(
614g2

1M1 + 135g2
2M1 + 440g2

3M1 + 440g2
3M3 + 135g2

2M2 + 60g2
pM1Q

2
d + 60g2

pMZQ
2
d

+ 180g2
pM1Q

2
e + 180g2

pMZQ
2
e + 30g2

pM1Q
2
Hd

+ 30g2
pMZQ

2
Hd

+ 30g2
pM1Q

2
Hu + 30g2

pMZQ
2
Hu

+ 90g2
pM1Q

2
q + 90g2

pMZQ
2
q + 30g2

pM1Q
2
q + 30g2

pMZQ
2
q + 240g2

pM1Q
2
u + 240g2

pMZQ
2
u

+ 180g2
pM1Q

2
v + 180g2

pMZQ
2
v − 30λ∗

(
M1λ− Tλ

)
− 70M1Tr

(
YdY

†
d

)
− 90M1Tr

(
YeY

†
e

)
− 130M1Tr

(
YuY

†
u

)
− 90M1Tr

(
YνY

†
ν

)
+ 70Tr

(
Y †d Td

)
+ 90Tr

(
Y †e Te

)
+ 130Tr

(
Y †uTu

)
+ 90Tr

(
Y †ν Tν

))
(34)

β
(1)
M2

= 2g2
2M2 (35)

β
(2)
M2

=
2

5
g2

2

(
9g2

1M1 + 120g2
3M3 + 9g2

1M2 + 250g2
2M2 + 120g2

3M2 + 10g2
pMZQ

2
Hd

+ 10g2
pM2Q

2
Hd

+ 10g2
pMZQ

2
Hu + 10g2

pM2Q
2
Hu + 30g2

pMZQ
2
q + 30g2

pM2Q
2
q + 90g2

pMZQ
2
q + 90g2

pM2Q
2
q

− 10λ∗
(
M2λ− Tλ

)
− 30M2Tr

(
YdY

†
d

)
− 10M2Tr

(
YeY

†
e

)
− 30M2Tr

(
YuY

†
u

)
− 10M2Tr

(
YνY

†
ν

)
+ 30Tr

(
Y †d Td

)
+ 10Tr

(
Y †e Te

)
+ 30Tr

(
Y †uTu

)
+ 10Tr

(
Y †ν Tν

))
(36)

β
(1)
M3

= −6g2
3M3 (37)

β
(2)
M3

=
2

5
g2

3

(
11g2

1M1 + 11g2
1M3 + 45g2

2M3 + 140g2
3M3 + 45g2

2M2 + 30g2
pM3Q

2
d + 30g2

pMZQ
2
d

+ 60g2
pM3Q

2
q + 60g2

pMZQ
2
q + 30g2

pM3Q
2
u + 30g2

pMZQ
2
u − 20M3Tr

(
YdY

†
d

)
− 20M3Tr

(
YuY

†
u

)
+ 20Tr

(
Y †d Td

)
+ 20Tr

(
Y †uTu

))
(38)

β
(1)
MZ

= 2g2
pMZ

(
18Q2

q + 2Q2
Hd

+ 2Q2
Hu + 3Q2

e + 3Q2
v + 6Q2

q + 9Q2
d + 9Q2

u +Q2
s

)
(39)

β
(2)
MZ

=
4

5
g2
p

(
6g2

1M1Q
2
d + 120g2

3M3Q
2
d + 6g2

1MZQ
2
d + 120g2

3MZQ
2
d + 180g2

pMZQ
4
d + 18g2

1M1Q
2
e

+ 18g2
1MZQ

2
e + 60g2

pMZQ
4
e + 3g2

1M1Q
2
Hd

+ 3g2
1MZQ

2
Hd

+ 15g2
2MZQ

2
Hd

+ 15g2
2M2Q

2
Hd

+ 40g2
pMZQ

4
Hd

+ 3g2
1M1Q

2
Hu + 3g2

1MZQ
2
Hu + 15g2

2MZQ
2
Hu + 15g2

2M2Q
2
Hu + 40g2

pMZQ
4
Hu

+ 9g2
1M1Q

2
q + 9g2

1MZQ
2
q + 45g2

2MZQ
2
q + 45g2

2M2Q
2
q + 120g2

pMZQ
4
q + 3g2

1M1Q
2
q

+ 240g2
3M3Q

2
q + 3g2

1MZQ
2
q + 135g2

2MZQ
2
q + 240g2

3MZQ
2
q + 135g2

2M2Q
2
q + 360g2

pMZQ
4
q

+ 20g2
pMZQ

4
s + 24g2

1M1Q
2
u + 120g2

3M3Q
2
u + 24g2

1MZQ
2
u + 120g2

3MZQ
2
u + 180g2

pMZQ
4
u

+ 18g2
1M1Q

2
v + 18g2

1MZQ
2
v + 60g2

pMZQ
4
v − 10

(
Q2
Hd

+Q2
Hu +Q2

s

)
λ∗
(
MZλ− Tλ

)
− 30MZ

(
Q2
d +Q2

Hd
+Q2

q

)
Tr
(
YdY

†
d

)
− 10MZQ

2
eTr
(
YeY

†
e

)
− 10MZQ

2
Hd

Tr
(
YeY

†
e

)
− 10MZQ

2
qTr
(
YeY

†
e

)
− 30MZQ

2
HuTr

(
YuY

†
u

)
− 30MZQ

2
qTr
(
YuY

†
u

)
− 30MZQ

2
uTr
(
YuY

†
u

)
− 10MZQ

2
HuTr

(
YνY

†
ν

)
− 10MZQ

2
qTr
(
YνY

†
ν

)
− 10MZQ

2
vTr
(
YνY

†
ν

)
+ 30Q2

dTr
(
Y †d Td

)
9



+ 30Q2
Hd

Tr
(
Y †d Td

)
+ 30Q2

qTr
(
Y †d Td

)
+ 10Q2

eTr
(
Y †e Te

)
+ 10Q2

Hd
Tr
(
Y †e Te

)
+ 10Q2

qTr
(
Y †e Te

)
+ 30Q2

HuTr
(
Y †uTu

)
+ 30Q2

qTr
(
Y †uTu

)
+ 30Q2

uTr
(
Y †uTu

)
+ 10Q2

HuTr
(
Y †ν Tν

)
+ 10Q2

qTr
(
Y †ν Tν

)
+ 10Q2

vTr
(
Y †ν Tν

))
(40)

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

))
(41)

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

)
− YdY †uYuTr

(
YνY

†
ν

)
+ Yd

(1813

450
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
pQdQq

+
18

5
g2

1g
2
pQHdQq + 12g4

pQ
2
dQ

2
q + 12g4

pQ
2
Hd
Q2
q +

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
pQqQq +

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
qQ

2
q + 40g4

pQ
4
q + 2g4

pQ
2
dQ

2
s + 2g4

pQ
2
Hd
Q2
s + 2g4

pQ
2
qQ

2
s −

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

+
12

5
g2

1g
2
pQdQv −

18

5
g2

1g
2
pQHdQv +

6

5
g2

1g
2
pQqQv + 6g4

pQ
2
dQ

2
v + 6g4

pQ
2
Hd
Q2
v

+ 6g4
pQ

2
qQ

2
v − 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
qTr
(
YeY

†
e

)
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− |λ|2
(

2g2
p

(
−Q2

Hu −Q
2
s +Q2

Hd

)
+ 3Tr

(
YuY

†
u

)
+ Tr

(
YνY

†
ν

))
− 9Tr

(
YdY

†
d YdY

†
d

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 3Tr

(
YeY

†
e YeY

†
e

)
− Tr

(
YνY

†
ν Y

T
e Y

∗
e

))
(42)

β
(1)
Ye

= +3YeY
†
e Ye + YeY

∗
ν Y

T
ν

+ Ye

(
− 2g2

pQ
2
e − 2g2

pQ
2
Hd
− 2g2

pQ
2
q − 3g2

2 + 3Tr
(
YdY

†
d

)
− 9

5
g2

1 + |λ|2 + Tr
(
YeY

†
e

))
(43)

β
(2)
Ye

= +
6

5
g2

1YeY
∗
ν Y

T
ν + 2g2

pQ
2
HuYeY

∗
ν Y

T
ν − 2g2

pQ
2
qYeY

∗
ν Y

T
ν

+ 2g2
pQ

2
vYeY

∗
ν Y

T
ν − |λ|2YeY ∗ν Y Tν − 4YeY

†
e YeY

†
e Ye − 2YeY

∗
ν Y

T
ν Y

†
e Ye

− 2YeY
∗
ν Y

T
ν Y

∗
ν Y

T
ν

+ YeY
†
e Ye

(
− 2g2

pQ
2
e + 2g2

pQ
2
q − 3|λ|2 − 3Tr

(
YeY

†
e

)
+ 6g2

2 + 6g2
pQ

2
Hd
− 9Tr

(
YdY

†
d

))
− 3YeY

∗
ν Y

T
ν Tr

(
YuY

†
u

)
− YeY ∗ν Y Tν Tr

(
YνY

†
ν

)
+ Ye

(837

50
g4

1 +
9

5
g2

1g
2
2 +

15

2
g4

2 +
36

5
g2

1g
2
pQdQe + 12g2

1g
2
pQ

2
e + 18g4

pQ
2
dQ

2
e + 10g4

pQ
4
e

− 18

5
g2

1g
2
pQdQHd − 6g2

1g
2
pQeQHd +

12

5
g2

1g
2
pQ

2
Hd

+ 6g2
2g

2
pQ

2
Hd

+ 18g4
pQ

2
dQ

2
Hd

+ 10g4
pQ

2
eQ

2
Hd

+ 8g4
pQ

4
Hd

+
12

5
g2

1g
2
pQeQHu −

6

5
g2

1g
2
pQHdQHu + 4g4

pQ
2
eQ

2
Hu

+ 4g4
pQ

2
Hd
Q2
Hu −

18

5
g2

1g
2
pQdQq −

54

5
g2

1g
2
pQeQq +

24

5
g2

1g
2
pQHdQq −

6

5
g2

1g
2
pQHuQq

+
24

5
g2

1g
2
pQ

2
q + 6g2

2g
2
pQ

2
q + 18g4

pQ
2
dQ

2
q + 18g4

pQ
2
eQ

2
q + 16g4

pQ
2
Hd
Q2
q

+ 4g4
pQ

2
HuQ

2
q + 16g4

pQ
4
q +

36

5
g2

1g
2
pQeQq −

18

5
g2

1g
2
pQHdQq −

18

5
g2

1g
2
pQqQq

+ 36g4
pQ

2
eQ

2
q + 36g4

pQ
2
Hd
Q2
q + 36g4

pQ
2
qQ

2
q + 2g4

pQ
2
eQ

2
s + 2g4

pQ
2
Hd
Q2
s

+ 2g4
pQ

2
qQ

2
s −

72

5
g2

1g
2
pQeQu +

36

5
g2

1g
2
pQHdQu +

36

5
g2

1g
2
pQqQu + 18g4

pQ
2
eQ

2
u

+ 18g4
pQ

2
Hd
Q2
u + 18g4

pQ
2
qQ

2
u +

36

5
g2

1g
2
pQeQv −

18

5
g2

1g
2
pQHdQv −

18

5
g2

1g
2
pQqQv

+ 6g4
pQ

2
eQ

2
v + 6g4

pQ
2
Hd
Q2
v + 6g4

pQ
2
qQ

2
v − 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
qTr
(
YeY

†
e

)
− |λ|2

(
2g2
p

(
−Q2

Hu −Q
2
s +Q2

Hd

)
+ 3Tr

(
YuY

†
u

)
+ Tr

(
YνY

†
ν

))
− 9Tr

(
YdY

†
d YdY

†
d

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 3Tr

(
YeY

†
e YeY

†
e

)
− Tr

(
YνY

†
ν Y

T
e Y

∗
e

))
(44)

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

)
+ λTr

(
YνY

†
ν

)
(45)
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β
(2)
λ = − 1

50
λ
(
− 261g4

1 − 90g2
1g

2
2 − 375g4

2 + 180g2
1g

2
pQdQHd + 180g2

1g
2
pQeQHd − 120g2

1g
2
pQ

2
Hd

− 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
pQHdQq

+ 180g2
1g

2
pQHuQq − 600g4

pQ
2
Hd
Q2
q − 600g4

pQ
2
HuQ

2
q + 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
qQ

2
s − 1800g4

pQ
2
qQ

2
s

− 300g4
pQ

4
s − 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 + 180g2

1g
2
pQHdQv − 180g2

1g
2
pQHuQv − 300g4

pQ
2
Hd
Q2
v

− 300g4
pQ

2
HuQ

2
v − 300g4

pQ
2
sQ

2
v + 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
qTr
(
YeY

†
e

)
− 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

)
− 10|λ|2

(
6g2

1 + 30g2
2 + 20g2

pQ
2
Hd

+ 20g2
pQ

2
Hu − 45Tr

(
YdY

†
d

)
− 15Tr

(
YeY

†
e

)
− 45Tr

(
YuY

†
u

)
− 15Tr

(
YνY

†
ν

))
− 60g2

1Tr
(
YνY

†
ν

)
+ 100g2

pQ
2
HuTr

(
YνY

†
ν

)
− 100g2

pQ
2
qTr
(
YνY

†
ν

)
− 100g2

pQ
2
vTr
(
YνY

†
ν

)
+ 450Tr

(
YdY

†
d YdY

†
d

)
+ 300Tr

(
YdY

†
uYuY

†
d

)
+ 150Tr

(
YeY

†
e YeY

†
e

)
+ 450Tr

(
YuY

†
uYuY

†
u

)
+ 150Tr

(
YνY

†
ν YνY

†
ν

)
+ 100Tr

(
YνY

†
ν Y

T
e Y

∗
e

))
(46)

β
(1)
Yν

= +3YνY
†
ν Yν + Y Te Y

∗
e Yν

+ Yν

(
− 2g2

pQ
2
Hu − 2g2

pQ
2
q − 2g2

pQ
2
v − 3g2

2 + 3Tr
(
YuY

†
u

)
− 9

5
g2

1 + |λ|2 + Tr
(
YνY

†
ν

))
(47)

β
(2)
Yν

= +
6

5
g2

1Y
T
e Y

∗
e Yν + 2g2

pQ
2
eY

T
e Y

∗
e Yν + 2g2

pQ
2
Hd
Y Te Y

∗
e Yν

− 2g2
pQ

2
qY

T
e Y

∗
e Yν − |λ|2Y Te Y ∗e Yν − 4YνY

†
ν YνY

†
ν Yν − 2YνY

†
ν Y

T
e Y

∗
e Yν

− 2Y Te Y
∗
e Y

T
e Y

∗
e Yν − 3Y Te Y

∗
e YνTr

(
YdY

†
d

)
− Y Te Y ∗e YνTr

(
YeY

†
e

)
+ YνY

†
ν Yν

(
2g2
pQ

2
q − 2g2

pQ
2
v − 3|λ|2 − 3Tr

(
YνY

†
ν

)
+ 6g2

2 + 6g2
pQ

2
Hu − 9Tr

(
YuY

†
u

))
+ Yν

(837

50
g4

1 +
9

5
g2

1g
2
2 +

15

2
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
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+ 8g4
pQ

4
Hu −

18

5
g2

1g
2
pQdQq −

18

5
g2

1g
2
pQeQq +

6

5
g2

1g
2
pQHdQq −

24

5
g2

1g
2
pQHuQq

+
24

5
g2

1g
2
pQ

2
q + 6g2

2g
2
pQ

2
q + 18g4

pQ
2
dQ

2
q + 6g4

pQ
2
eQ

2
q + 4g4

pQ
2
Hd
Q2
q

+ 16g4
pQ

2
HuQ

2
q + 16g4

pQ
4
q +

18

5
g2

1g
2
pQHuQq −

18

5
g2

1g
2
pQqQq + 36g4

pQ
2
HuQ

2
q

+ 36g4
pQ

2
qQ

2
q + 2g4

pQ
2
HuQ

2
s + 2g4

pQ
2
qQ

2
s −

36

5
g2

1g
2
pQHuQu +

36

5
g2

1g
2
pQqQu

+ 18g4
pQ

2
HuQ

2
u + 18g4

pQ
2
qQ

2
u +

36

5
g2

1g
2
pQdQv +

36

5
g2

1g
2
pQeQv −

12

5
g2

1g
2
pQHdQv

+ 6g2
1g

2
pQHuQv −

54

5
g2

1g
2
pQqQv +

36

5
g2

1g
2
pQqQv −

72

5
g2

1g
2
pQuQv + 12g2

1g
2
pQ

2
v

+ 18g4
pQ

2
dQ

2
v + 6g4

pQ
2
eQ

2
v + 4g4

pQ
2
Hd
Q2
v + 10g4

pQ
2
HuQ

2
v + 18g4

pQ
2
qQ

2
v

+ 36g4
pQ

2
qQ

2
v + 2g4

pQ
2
sQ

2
v + 18g4

pQ
2
uQ

2
v + 10g4

pQ
4
v − 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

)
+

6

5
g2

1Tr
(
YνY

†
ν

)
− 2g2

pQ
2
HuTr

(
YνY

†
ν

)
+ 2g2

pQ
2
qTr
(
YνY

†
ν

)
+ 2g2

pQ
2
vTr
(
YνY

†
ν

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 9Tr

(
YuY

†
uYuY

†
u

)
− 3Tr

(
YνY

†
ν YνY

†
ν

)
− Tr

(
YνY

†
ν Y

T
e Y

∗
e

))
(48)

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 + Tr
(
YνY

†
ν

))
(49)

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

)
− 3YuY

†
uYuTr

(
YνY

†
ν

)
+ Yu

(689

90
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
pQHuQq + 12g4

pQ
2
HuQ

2
q +

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
pQqQq +

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
qQ

2
q + 40g4

pQ
4
q + 2g4

pQ
2
HuQ

2
s + 2g4

pQ
2
qQ

2
s
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− 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
pQqQu

− 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
qQ

2
u + 54g4

pQ
2
qQ

2
u + 2g4

pQ
2
sQ

2
u + 22g4

pQ
4
u

+
18

5
g2

1g
2
pQHuQv +

6

5
g2

1g
2
pQqQv −

24

5
g2

1g
2
pQuQv + 6g4

pQ
2
HuQ

2
v + 6g4

pQ
2
qQ

2
v

+ 6g4
pQ

2
uQ

2
v − 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

)
+

6

5
g2

1Tr
(
YνY

†
ν

)
− 2g2

pQ
2
HuTr

(
YνY

†
ν

)
+ 2g2

pQ
2
qTr
(
YνY

†
ν

)
+ 2g2

pQ
2
vTr
(
YνY

†
ν

)
− 3Tr

(
YdY

†
uYuY

†
d

)
− 9Tr

(
YuY

†
uYuY

†
u

)
− 3Tr

(
YνY

†
ν YνY

†
ν

)
− Tr

(
YνY

†
ν Y

T
e Y

∗
e

))
(50)

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

pMZQ
2
d + 4g2

pMZQ
2
Hd

+ 4g2
pMZQ

2
q + 2λ∗Tλ + 6Tr

(
Y †d Td

)
+ 2Tr

(
Y †e Te

))
(51)

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

pMZQ
2
HuYdY

†
uYu + 4g2

pMZQ
2
qYdY

†
uYu

− 4g2
pMZQ

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

+
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 +

1813

450
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
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+ 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
pQdQqTd +

18

5
g2

1g
2
pQHdQqTd

+ 12g4
pQ

2
dQ

2
qTd + 12g4

pQ
2
Hd
Q2
qTd +

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
pQqQqTd +

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
qQ

2
qTd + 40g4

pQ
4
qTd + 2g4

pQ
2
dQ

2
sTd

+ 2g4
pQ

2
Hd
Q2
sTd + 2g4

pQ
2
qQ

2
sTd −

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

+
12

5
g2

1g
2
pQdQvTd −

18

5
g2

1g
2
pQHdQvTd +

6

5
g2

1g
2
pQqQvTd + 6g4

pQ
2
dQ

2
vTd

+ 6g4
pQ

2
Hd
Q2
vTd + 6g4

pQ
2
qQ

2
vTd − 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

†
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)
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)
+

4
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2
HuQ

2
sλ

− 10g2
pm
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∗
1

(
2M1λ− Tλ

)
+ 15g2

2M
∗
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(
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)
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(
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†
d

)
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†
d

)
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†
d

)
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†
e

)
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†
e

)
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†
e

)
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†
u

)
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†
u

)
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†
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)
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T
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)
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(
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T
e

)
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(
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T
e

)
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(
T ∗uY

T
u

)
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(
T ∗uT

T
u

)
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(
T ∗ν Y

T
ν

)
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(
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T
ν

)
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(
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dYdY

†
d

)
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eYeY

†
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)
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†
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(
m2
qY
†
d Yd
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†
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)
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†
u

)
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(
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†
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)
− 5λTr

(
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†
ν
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(88)

3.7 Vacuum expectation values

β(1)
vd

=
1

20
vd

(
15g2

2 + 15g2
2Xi + 20g2

pQ
2
Hd

+ 20g2
pQ

2
Hd

Xi− 20|λ|2 − 20Tr
(
YeY

†
e

)
+ 3g2

1 + 3g2
1Xi− 60Tr

(
YdY

†
d

))
(89)

β(2)
vd

=
1

400
vd

(
− 522g4

1 − 180g2
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2
2 − 1200g4

2 + 720g2
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2
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2
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2
Hd
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2
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2
Hd
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2
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2
Hd
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2
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2
Hd
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Hd
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2
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Hd
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2
Hd
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2
Hd
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1g
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2
Hd
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u

+ 720g2
1g

2
pQHdQv − 1200g4

pQ
2
Hd
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v − 9g4

1Xi− 90g2
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2
2Xi + 875g4

2Xi− 120g2
1g

2
pQ

2
Hd

Xi

− 600g2
2g

2
pQ

2
Hd

Xi− 400g4
pQ

4
Hd

Xi + 9g4
1Xi

2 + 90g2
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2
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2
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2
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2
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2
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4
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(

5
(

32g2
3 + 3

(
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2Xi + 4g2
p
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Hd
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− 1 + Xi

)
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q
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(
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(
YdY

†
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)
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YeY
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†
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)
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1XiTr
(
YeY

†
e

)
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2XiTr
(
YeY

†
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)
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pQ
2
Hd

XiTr
(
YeY

†
e

)
− 40|λ|2

(
− 20g2

pQ
2
Hd
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pQ

2
Hu + 20g2

pQ
2
s + 3g2

1Xi + 15g2
2Xi + 20g2

pQ
2
Hd

Xi− 30Tr
(
YuY

†
u

)
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(
YνY
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ν
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(
YdY
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d YdY
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)
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YeY
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e YeY
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e Y
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β(1)
vu =

1
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vu

(
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2 + 15g2
2Xi + 20g2

pQ
2
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2
HuXi− 20|λ|2 − 20Tr

(
YνY

†
ν

)
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1 + 3g2
1Xi− 60Tr

(
YuY

†
u

))
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β(2)
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1
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2
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2 − 720g2
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2
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2
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2
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2
v − 9g4

1Xi− 90g2
1g

2
2Xi + 875g4
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2
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2
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2
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(
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(
YeY

†
e

))
− 40

(
5
(

32g2
3 + 3

(
3g2

2Xi + 4g2
p
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(
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†
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†
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pQ
2
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†
ν
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ν
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†
ν
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†
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†
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T
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∗
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β(1)
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2
s
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))
(93)

β(2)
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5
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(
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2
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(
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d + 9Q2
u +Q2

sXi−Q2
sXi

2
)
− 20λ2λ∗,2

+ 2|λ|2
(
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2
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(
YdY

†
d

)
− 5Tr

(
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†
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(
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†
ν
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4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’


Bρ

W3ρ

Uρ

 =ZγZZ
′


γρ

Zρ

Z ′ρ

 (95)

(
W1ρ

W2ρ

)
=ZW

(
W−ρ

W−ρ

)
(96)

λW̃ ,1

λW̃ ,2

λW̃ ,3

 =ZW̃


W̃−

W̃+

W̃ 0

 (97)

(98)

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

 (99)

ZW =

(
1√
2

1√
2

−i 1√
2

i 1√
2

)
(100)

ZW̃ =


1√
2

1√
2

0

−i 1√
2

i 1√
2

0

0 0 1

 (101)

(102)

4.2 Rotations in Mass sector for eigenstates ’EWSB’

4.2.1 Mass Matrices for Scalars

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

, d̃R,α2

)
,
(
d̃∗L,β1

, d̃∗R,β2

)

m2
d̃

=

 md̃Ld̃∗L

1
2

(√
2vdT

†
d − vsvuλY

†
d

)
δα1β2

1
2δα2β1

(√
2vdTd − vsvuYdλ∗

)
md̃Rd̃∗R

 (103)

md̃Ld̃∗L
= +

1

24
1
(

3
(

4g2
pQq

(
QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+ g2

2

(
− v2

d + v2
u

))
+ g2

1

(
− v2

d + v2
u

))
δα1β1
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+
1

2
δα1β1

(
2m2

q + v2
dY
†
d Yd

)
(104)

md̃Rd̃∗R
=

1
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This matrix is diagonalized by ZD:
ZDm2

d̃
ZD,† = mdia

2,d̃
(106)

with

d̃L,iα =
∑
j

ZD,∗ji d̃jα , d̃R,iα =
∑
j

ZD,∗ji d̃jα (107)

• Mass matrix for Sneutrinos, Basis: (ν̃L,SvR) ,
(
ν̃∗L, conj

(
SvR

))

m2
ν̃ =

 mν̃Lν̃∗L
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∗
ν + 1√
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vuT

∗
ν
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T
ν m

SvRconj

(
SvR

)
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=
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T
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∗
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1

4
1
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2
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2
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2
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u
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This matrix is diagonalized by ZV :
ZVm2

ν̃Z
V,† = mdia

2,ν̃ (111)

with

ν̃L,i =
∑
j

ZV,∗ji ν̃j , SvR
(
{gt1}

)
=
∑
j

ZV,∗ji ν̃j (112)

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

) ,
(
ũ∗L,β1

, ũ∗R,β2

)

m2
ũ =

 mũLũ∗L
1
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†
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=

1
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(
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†
u
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1

6
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(
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2
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2
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)
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(
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d
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This matrix is diagonalized by ZU :
ZUm2

ũZ
U,† = mdia

2,ũ (116)
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with

ũL,iα =
∑
j

ZU,∗ji ũjα , ũR,iα =
∑
j

ZU,∗ji ũjα (117)

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

m2
ẽ =

(
mẽLẽ∗L

− 1
2vsvuλY

†
e + 1√

2
vdT

†
e

− 1
2vsvuYeλ
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2
vdTe mẽRẽ∗R

)
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1
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2
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2
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2
s
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d

)
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2
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u
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+

1

2
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†
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mẽRẽ∗R
=

1

2
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dYeY

†
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1

4
1
(

2g2
pQe

(
QHdv

2
d +QHuv

2
u +Qsv

2
s

)
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1

(
− v2

d + v2
u

))
+m2

e (120)

This matrix is diagonalized by ZE :
ZEm2

ẽZ
E,† = mdia

2,ẽ (121)

with

ẽL,i =
∑
j

ZE,∗ji ẽj , ẽR,i =
∑
j

ZE,∗ji ẽj (122)

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

m2
h =


mφdφd mφuφd mφsφd

mφdφu mφuφu mφsφu

mφdφs mφuφs mφsφs

 (123)

mφdφd =
1

2

(
v2
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u

)
|λ|2 +

1

8

(
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(
3QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+
(
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1 + g2
2

)(
3v2
d − v2

u

))
+m2

Hd
(124)

mφdφu = −1

4

(
− 4g2

pQHdQHu + g2
1 + g2

2

)
vdvu −

1√
2
vs<

(
Tλ

)
+ vdvu|λ|2 (125)

mφuφu =
1

2

(
v2
d + v2

s

)
|λ|2 +

1

8

(
4g2
pQHu

(
3QHuv

2
u +QHdv

2
d +Qsv

2
s

)
+
(
− g2

1 − g2
2

)(
− 3v2

u + v2
d

))
+m2

Hu

(126)

mφdφs = − 1√
2
vu<

(
Tλ

)
+ g2

pQHdQsvdvs + vdvs|λ|2 (127)

mφuφs = − 1√
2
vd<

(
Tλ

)
+ g2

pQHuQsvsvu + vsvu|λ|2 (128)

mφsφs =
1

2
g2
pQs

(
3Qsv

2
s +QHdv

2
d +QHuv

2
u

)
+

1

2

(
v2
d + v2

u

)
|λ|2 +m2

S (129)
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This matrix is diagonalized by ZH :
ZHm2

hZ
H,† = mdia

2,h (130)

with

φd =
∑
j

ZH,∗j1 hj , φu =
∑
j

ZH,∗j2 hj , φs =
∑
j

ZH,∗j3 hj (131)

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

m2
A0 =


mσdσd

1√
2
vs<

(
Tλ

)
1√
2
vu<

(
Tλ

)
1√
2
vs<

(
Tλ

)
mσuσu

1√
2
vd<

(
Tλ

)
1√
2
vu<

(
Tλ

)
1√
2
vd<

(
Tλ

)
mσsσs

+ ξZm
2(Z) + ξZ′m

2(Z ′) (132)

mσdσd =
1

2

(
v2
s + v2

u

)
|λ|2 +

1

8

(
4g2
pQHd

(
QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+
(
g2

1 + g2
2

)(
− v2

u + v2
d

))
+m2

Hd
(133)

mσuσu =
1

2

(
v2
d + v2

s

)
|λ|2 +

1

8

(
4g2
pQHu

(
QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+
(
g2

1 + g2
2

)(
− v2

d + v2
u

))
+m2

Hu (134)

mσsσs =
1

2
g2
pQs

(
QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+

1

2

(
v2
d + v2

u

)
|λ|2 +m2

S (135)

Gauge fixing contributions:

m2(ξZ) =


mσdσd mσuσd mσsσd

mσdσu mσuσu mσsσu

mσdσs mσuσs g2
pQ

2
sv

2
s sin Θ′

2
W

 (136)

mσdσd =
1

4
v2
d

(
2gpQHd sin Θ′W + cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))2

(137)

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

))
(138)

mσuσu =
1

4
v2
u

(
− 2gpQHu sin Θ′W + cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))2

(139)

mσdσs =
1

2
gpQsvdvs sin Θ′W

(
2gpQHd sin Θ′W + cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))
(140)

mσuσs =
1

2
gpQsvsvu sin Θ′W

(
2gpQHu sin Θ′W − cos Θ′W

(
g1 sin ΘW + g2 cos ΘW

))
(141)

m2(ξZ′) =


mσdσd mσuσd mσsσd

mσdσu mσuσu mσsσu

mσdσs mσuσs g2
pQ

2
sv

2
s cos Θ′

2
W

 (142)
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mσdσd =
1

4
v2
d

(
− 2gpQHd cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2

(143)

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

)
(144)

mσuσu =
1

4
v2
u

(
2gpQHu cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2

(145)

mσdσs =
1

2
gpQsvdvs cos Θ′W

(
2gpQHd cos Θ′W −

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
(146)

mσuσs =
1

2
gpQsvsvu cos Θ′W

(
2gpQHu cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)
(147)

This matrix is diagonalized by ZA:
ZAm2

A0ZA,† = mdia
2,A0 (148)

with

σd =
∑
j

ZA,∗j1 A0
j , σu =

∑
j

ZA,∗j2 A0
j , σs =

∑
j

ZA,∗j3 A0
j (149)

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

+,∗
u

)
,
(
H−,∗d , H+

u

)

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−) (150)

mH−d H
−,∗
d

=
1

2
v2
s |λ|2 +

1

8

(
4g2
pQHd

(
QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+ g2

1

(
− v2

u + v2
d

)
+ g2

2

(
v2
d + v2

u

))
+m2

Hd
(151)

mH+,∗
u H+

u
=

1

2
v2
s |λ|2 +

1

8

(
4g2
pQHu

(
QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+ g2

1

(
− v2

d + v2
u

)
+ g2

2

(
v2
d + v2

u

))
+m2

Hu (152)

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

)
(153)

This matrix is diagonalized by Z+:
Z+m2

H−Z
+,† = mdia

2,H− (154)

with

H−d =
∑
j

Z+
j1H

−
j , H+

u =
∑
j

Z+
j2H

+
j (155)

4.2.2 Mass Matrices for Fermions

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

0, H̃0
d , H̃

0
u, S̃

)
,
(
λU , λB̃ , W̃

0, H̃0
d , H̃

0
u, S̃

)
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mχ̃0 =



MZ 0 0 gpQHdvd gpQHuvu gpQsvs

0 M1 0 − 1
2g1vd

1
2g1vu 0

0 0 M2
1
2g2vd − 1

2g2vu 0

gpQHdvd − 1
2g1vd

1
2g2vd 0 − 1√

2
vsλ − 1√

2
vuλ

gpQHuvu
1
2g1vu − 1

2g2vu − 1√
2
vsλ 0 − 1√

2
vdλ

gpQsvs 0 0 − 1√
2
vuλ − 1√

2
vdλ 0


(156)

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

χ̃0 (157)

with

λU =
∑
j

N∗j1λ
0
j , λB̃ =

∑
j

N∗j2λ
0
j , W̃ 0 =

∑
j

N∗j3λ
0
j (158)

H̃0
d =

∑
j

N∗j4λ
0
j , H̃0

u =
∑
j

N∗j5λ
0
j , S̃ =

∑
j

N∗j6λ
0
j (159)

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

(
FvR

))
,
(
νL, conj

(
FvR

))

mν =

(
0 1√

2
vuYν

1√
2
vuY

T
ν 0

)
(160)

This matrix is diagonalized by UV :
UV,∗mνU

V,† = mdia
ν (161)

with

νL,i =
∑
j

UV,∗ji Fvm
(
{gt2}

)
, FvR

(
{gt1}

)
=
∑
j

UVji conj
(
Fvm

(
{gt2}

))
(162)

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

)
,
(
W̃+, H̃+

u

)

mχ̃− =

(
M2

1√
2
g2vu

1√
2
g2vd

1√
2
vsλ

)
(163)

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

† = mdia
χ̃− (164)

with

W̃− =
∑
t2

U∗j1λ
−
j , H̃−d =

∑
t2

U∗j2λ
−
j (165)

W̃+ =
∑
t2

V ∗1jλ
+
j , H̃+

u =
∑
t2

V ∗2jλ
+
j (166)
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• Mass matrix for Leptons, Basis: (eL) , (e∗R)

me =
(

1√
2
vdY

T
e

)
(167)

This matrix is diagonalized by UeL and UeR

Ue,∗L meU
e,†
R = mdia

e (168)

with

eL,i =
∑
t2

Ue,∗L,jiEL,j (169)

eR,i =
∑
t2

UeR,ijE
∗
R,j (170)

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

)
md =

(
1√
2
vdδα1β1

Y Td

)
(171)

This matrix is diagonalized by UdL and UdR

Ud,∗L mdU
d,†
R = mdia

d (172)

with

dL,iα =
∑
t2

Ud,∗L,jiDL,jα (173)

dR,iα =
∑
t2

UdR,ijD
∗
R,jα (174)

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

)
mu =

(
1√
2
vuδα1β1Y

T
u

)
(175)

This matrix is diagonalized by UuL and UuR

Uu,∗L muU
u,†
R = mdia

u (176)

with

uL,iα =
∑
t2

Uu,∗L,jiUL,jα (177)

uR,iα =
∑
t2

UuR,ijU
∗
R,jα (178)
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5 Vacuum Expectation Values

H0
d =

1√
2
φd +

1√
2
vd + i

1√
2
σd (179)

H0
u =

1√
2
φu +

1√
2
vu + i

1√
2
σu (180)

S =
1√
2
φs +

1√
2
vs + i

1√
2
σs (181)

6 Tadpole Equations

∂V

∂φd
= +

1

8
vd

(
4g2
pQHd

(
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

))
(182)

∂V

∂φu
= +

1

8
vu

(
4g2
pQHu

(
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

))
(183)

∂V

∂φs
=

1

2
g2
pQsvs

(
QHdv

2
d +QHuv

2
u +Qsv

2
s

)
+

1

4

(
−
√

2vdvu

(
T ∗λ + Tλ

)
+ vs

(
2
(
v2
d + v2

u

)
|λ|2 + 4m2

S

))
(184)

7 Particle content for eigenstates ’EWSB’

Name Type complex/real Generations Indices

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

g̃ Fermion Majorana 1 color, 8
χ̃0 Fermion Majorana 6 generation, 6
ν Fermion Majorana 6 generation, 6
χ̃− Fermion Dirac 2 generation, 2
e Fermion Dirac 3 generation, 3
d Fermion Dirac 3 generation, 3, color, 3
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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)

Πi,j(p
2) = +4Γ ˇ̃

di,
ˇ̃
d∗j ,W

+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γ ˇ̃

di,
ˇ̃
d∗j ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
+ 2Γ ˇ̃

di,
ˇ̃
d∗j ,Z

′,Z′

(
− 1

2
rMSm2

Z′ +A0

(
m2
Z′

))
−

2∑
a=1

A0

(
m2
H−a

)
Γ ˇ̃
di,

ˇ̃
d∗j ,H

+
a ,H

−
a

− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γ ˇ̃
di,

ˇ̃
d∗j ,A

0
a,A

0
a

− 1

2

3∑
a=1

A0

(
m2
ha

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ha,ha

− 2

3∑
a=1

mua

2∑
b=1

B0

(
p2,m2

ua ,m
2
χ̃−b

)
mχ̃−b

(
ΓL∗ˇ̃
d∗j ,ua,χ̃

−
b

ΓRˇ̃
d∗i ,ua,χ̃

−
b

+ ΓR∗ˇ̃
d∗j ,ua,χ̃

−
b

ΓLˇ̃
d∗i ,ua,χ̃

−
b

)
+

3∑
a=1

2∑
b=1

G0

(
p2,m2

ua ,m
2
χ̃−b

)(
ΓL∗ˇ̃
d∗j ,ua,χ̃

−
b

ΓLˇ̃
d∗i ,ua,χ̃

−
b

+ ΓR∗ˇ̃
d∗j ,ua,χ̃

−
b

ΓRˇ̃
d∗i ,ua,χ̃

−
b

)
− 2

3∑
a=1

mda

6∑
b=1

B0

(
p2,m2

da ,m
2
χ̃0
b

)
mχ̃0

b

(
ΓL∗ˇ̃
d∗j ,da,χ̃

0
b

ΓRˇ̃
d∗i ,da,χ̃

0
b

+ ΓR∗ˇ̃
d∗j ,da,χ̃

0
b

ΓLˇ̃
d∗i ,da,χ̃

0
b

)
+

3∑
a=1

6∑
b=1

G0

(
p2,m2

da ,m
2
χ̃0
b

)(
ΓL∗ˇ̃
d∗j ,da,χ̃

0
b

ΓLˇ̃
d∗i ,da,χ̃

0
b

+ ΓR∗ˇ̃
d∗j ,da,χ̃

0
b

ΓRˇ̃
d∗i ,da,χ̃

0
b

)
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− C
6∑
a=1

A0

(
m2
d̃a

)
Γ ˇ̃
di,

ˇ̃
d∗j ,d̃

∗
a,d̃a
−

6∑
a=1

A0

(
m2
ẽa

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ẽ

∗
a,ẽa

− C
6∑
a=1

A0

(
m2
ũa

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ũ

∗
a,ũa
−

6∑
a=1

A0

(
m2
ν̃a

)
Γ ˇ̃
di,

ˇ̃
d∗j ,ν̃

∗
a ,ν̃a

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

ũa ,m
2
H−b

)
Γ∗ˇ̃
d∗j ,ũa,H

−
b

Γ ˇ̃
d∗i ,ũa,H

−
b

+

6∑
a=1

3∑
b=1

B0

(
p2,m2

d̃a
,m2

A0
b

)
Γ∗ˇ̃
d∗j ,d̃a,A

0
b

Γ ˇ̃
d∗i ,d̃a,A

0
b

+

6∑
a=1

3∑
b=1

B0

(
p2,m2

d̃a
,m2

hb

)
Γ∗ˇ̃
d∗j ,d̃a,hb

Γ ˇ̃
d∗i ,d̃a,hb

− 8

3
mg̃

3∑
b=1

B0

(
p2,m2

g̃,m
2
db

)
mdb

(
ΓL∗ˇ̃
d∗j ,g̃1,db

ΓRˇ̃
d∗i ,g̃1,db

+ ΓR∗ˇ̃
d∗j ,g̃1,db

ΓLˇ̃
d∗i ,g̃1,db

)
+

4

3

3∑
b=1

G0

(
p2,m2

g̃,m
2
db

)(
ΓL∗ˇ̃
d∗j ,g̃1,db

ΓLˇ̃
d∗i ,g̃1,db

+ ΓR∗ˇ̃
d∗j ,g̃1,db

ΓRˇ̃
d∗i ,g̃1,db

)
+

4

3

6∑
b=1

Γ∗ˇ̃
d∗j ,g,d̃b

Γ ˇ̃
d∗i ,g,d̃b

F0

(
p2,m2

d̃b
, 0
)

+

6∑
b=1

Γ∗ˇ̃
d∗j ,γ,d̃b

Γ ˇ̃
d∗i ,γ,d̃b

F0

(
p2,m2

d̃b
, 0
)

+

6∑
b=1

Γ∗ˇ̃
d∗j ,Z,d̃b

Γ ˇ̃
d∗i ,Z,d̃b

F0

(
p2,m2

d̃b
,m2

Z

)
+

6∑
b=1

Γ∗ˇ̃
d∗j ,Z

′,d̃b
Γ ˇ̃
d∗i ,Z

′,d̃b
F0

(
p2,m2

d̃b
,m2

Z′

)
+

6∑
b=1

Γ∗ˇ̃
d∗j ,W

−,ũb
Γ ˇ̃
d∗i ,W

−,ũb
F0

(
p2,m2

ũb
,m2

W−

)
(185)

• Self-Energy for Sneutrinos (ν̃)

Πi,j(p
2) = +4Γˇ̃νi,ˇ̃ν∗j ,W

+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γˇ̃νi,ˇ̃ν∗j ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
+ 2Γˇ̃νi,ˇ̃ν∗j ,Z

′,Z′

(
− 1

2
rMSm2

Z′ +A0

(
m2
Z′

))
−

2∑
a=1

A0

(
m2
H−a

)
Γˇ̃νi,ˇ̃ν∗j ,H

+
a ,H

−
a

− 2

2∑
a=1

mχ̃−a

3∑
b=1

B0

(
p2,m2

χ̃−a
,m2

eb

)
meb

(
ΓL∗ˇ̃ν∗j ,χ̃

+
a ,eb

ΓRˇ̃ν∗i ,χ̃
+
a ,eb

+ ΓR∗ˇ̃ν∗j ,χ̃
+
a ,eb

ΓLˇ̃ν∗i ,χ̃
+
a ,eb

)
+

2∑
a=1

3∑
b=1

G0

(
p2,m2

χ̃−a
,m2

eb

)(
ΓL∗ˇ̃ν∗j ,χ̃

+
a ,eb

ΓLˇ̃ν∗i ,χ̃
+
a ,eb

+ ΓR∗ˇ̃ν∗j ,χ̃
+
a ,eb

ΓRˇ̃ν∗i ,χ̃
+
a ,eb

)
+

2∑
a=1

6∑
b=1

B0

(
p2,m2

H−a
,m2

ẽb

)
Γ∗ˇ̃ν∗j ,H

+
a ,ẽb

Γˇ̃ν∗i ,H
+
a ,ẽb
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γˇ̃νi,ˇ̃ν∗j ,A

0
a,A

0
a

− 1

2

3∑
a=1

A0

(
m2
ha

)
Γˇ̃νi,ˇ̃ν∗j ,ha,ha

− 3

6∑
a=1

A0

(
m2
d̃a

)
Γˇ̃νi,ˇ̃ν∗j ,d̃

∗
a,d̃a
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−
6∑
a=1

A0

(
m2
ẽa

)
Γˇ̃νi,ˇ̃ν∗j ,ẽ

∗
a,ẽa
− 3

6∑
a=1

A0

(
m2
ũa

)
Γˇ̃νi,ˇ̃ν∗j ,ũ

∗
a,ũa

−
6∑
a=1

A0

(
m2
ν̃a

)
Γˇ̃νi,ˇ̃ν∗j ,ν̃

∗
a ,ν̃a

+

6∑
a=1

3∑
b=1

B0

(
p2,m2

ν̃a ,m
2
A0
b

)
Γ∗ˇ̃ν∗j ,ν̃a,A0

b
Γˇ̃ν∗i ,ν̃a,A

0
b

+

6∑
a=1

3∑
b=1

B0

(
p2,m2

ν̃a ,m
2
hb

)
Γ∗ˇ̃ν∗j ,ν̃a,hb

Γˇ̃ν∗i ,ν̃a,hb

−
6∑
a=1

mνa

6∑
b=1

B0

(
p2,m2

νa ,m
2
χ̃0
b

)
mχ̃0

b

(
ΓL∗ˇ̃ν∗j ,νa,χ̃

0
b
ΓRˇ̃ν∗i ,νa,χ̃0

b
+ ΓR∗ˇ̃ν∗j ,νa,χ̃

0
b
ΓLˇ̃ν∗i ,νa,χ̃0

b

)
+

1

2

6∑
a=1

6∑
b=1

G0

(
p2,m2

νa ,m
2
χ̃0
b

)(
ΓL∗ˇ̃ν∗j ,νa,χ̃

0
b
ΓLˇ̃ν∗i ,νa,χ̃0

b
+ ΓR∗ˇ̃ν∗j ,νa,χ̃

0
b
ΓRˇ̃ν∗i ,νa,χ̃0

b

)
+

6∑
b=1

Γ∗ˇ̃ν∗j ,W+,ẽb
Γˇ̃ν∗i ,W

+,ẽb
F0

(
p2,m2

ẽb
,m2

W−

)
+

6∑
b=1

Γ∗ˇ̃ν∗j ,γ,ν̃b
Γˇ̃ν∗i ,γ,ν̃b

F0

(
p2,m2

ν̃b
, 0
)

+

6∑
b=1

Γ∗ˇ̃ν∗j ,Z,ν̃b
Γˇ̃ν∗i ,Z,ν̃b

F0

(
p2,m2

ν̃b
,m2

Z

)
+

6∑
b=1

Γ∗ˇ̃ν∗j ,Z′,ν̃b
Γˇ̃ν∗i ,Z

′,ν̃b
F0

(
p2,m2

ν̃b
,m2

Z′

)
(186)

• Self-Energy for Up-Squarks (ũ)

Πi,j(p
2) = +4Γˇ̃ui,ˇ̃u∗j ,W

+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γˇ̃ui,ˇ̃u∗j ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
+ 2Γˇ̃ui,ˇ̃u∗j ,Z

′,Z′

(
− 1

2
rMSm2

Z′ +A0

(
m2
Z′

))
−

2∑
a=1

A0

(
m2
H−a

)
Γˇ̃ui,ˇ̃u∗j ,H

+
a ,H

−
a

− 2

2∑
a=1

mχ̃−a

3∑
b=1

B0

(
p2,m2

χ̃−a
,m2

db

)
mdb

(
ΓL∗ˇ̃u∗j ,χ̃

+
a ,db

ΓRˇ̃u∗i ,χ̃
+
a ,db

+ ΓR∗ˇ̃u∗j ,χ̃
+
a ,db

ΓLˇ̃u∗i ,χ̃
+
a ,db

)
+

2∑
a=1

3∑
b=1

G0

(
p2,m2

χ̃−a
,m2

db

)(
ΓL∗ˇ̃u∗j ,χ̃

+
a ,db

ΓLˇ̃u∗i ,χ̃
+
a ,db

+ ΓR∗ˇ̃u∗j ,χ̃
+
a ,db

ΓRˇ̃u∗i ,χ̃
+
a ,db

)
+

2∑
a=1

6∑
b=1

B0

(
p2,m2

H−a
,m2

d̃b

)
Γ∗ˇ̃u∗j ,H

+
a ,d̃b

Γˇ̃u∗i ,H
+
a ,d̃b
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γˇ̃ui,ˇ̃u∗j ,A

0
a,A

0
a

− 1

2

3∑
a=1

A0

(
m2
ha

)
Γˇ̃ui,ˇ̃u∗j ,ha,ha

− 2

3∑
a=1

mua

6∑
b=1

B0

(
p2,m2

ua ,m
2
χ̃0
b

)
mχ̃0

b

(
ΓL∗ˇ̃u∗j ,ua,χ̃

0
b
ΓRˇ̃u∗i ,ua,χ̃0

b
+ ΓR∗ˇ̃u∗j ,ua,χ̃

0
b
ΓLˇ̃u∗i ,ua,χ̃0

b

)
+

3∑
a=1

6∑
b=1

G0

(
p2,m2

ua ,m
2
χ̃0
b

)(
ΓL∗ˇ̃u∗j ,ua,χ̃

0
b
ΓLˇ̃u∗i ,ua,χ̃0

b
+ ΓR∗ˇ̃u∗j ,ua,χ̃

0
b
ΓRˇ̃u∗i ,ua,χ̃0

b

)

54



− C
6∑
a=1

A0

(
m2
d̃a

)
Γˇ̃ui,ˇ̃u∗j ,d̃

∗
a,d̃a
−

6∑
a=1

A0

(
m2
ẽa

)
Γˇ̃ui,ˇ̃u∗j ,ẽ

∗
a,ẽa

− C
6∑
a=1

A0

(
m2
ũa

)
Γˇ̃ui,ˇ̃u∗j ,ũ

∗
a,ũa
−

6∑
a=1

A0

(
m2
ν̃a

)
Γˇ̃ui,ˇ̃u∗j ,ν̃

∗
a ,ν̃a

+

6∑
a=1

3∑
b=1

B0

(
p2,m2

ũa ,m
2
A0
b

)
Γ∗ˇ̃u∗j ,ũa,A0

b
Γˇ̃u∗i ,ũa,A

0
b

+

6∑
a=1

3∑
b=1

B0

(
p2,m2

ũa ,m
2
hb

)
Γ∗ˇ̃u∗j ,ũa,hb

Γˇ̃u∗i ,ũa,hb

− 8

3
mg̃

3∑
b=1

B0

(
p2,m2

g̃,m
2
ub

)
mub

(
ΓL∗ˇ̃u∗j ,g̃1,ub

ΓRˇ̃u∗i ,g̃1,ub
+ ΓR∗ˇ̃u∗j ,g̃1,ub

ΓLˇ̃u∗i ,g̃1,ub

)
+

4

3

3∑
b=1

G0

(
p2,m2

g̃,m
2
ub

)(
ΓL∗ˇ̃u∗j ,g̃1,ub

ΓLˇ̃u∗i ,g̃1,ub
+ ΓR∗ˇ̃u∗j ,g̃1,ub

ΓRˇ̃u∗i ,g̃1,ub

)
+

6∑
b=1

Γ∗ˇ̃u∗j ,W+,d̃b
Γˇ̃u∗i ,W

+,d̃b
F0

(
p2,m2

d̃b
,m2

W−

)
+

4

3

6∑
b=1

Γ∗ˇ̃u∗j ,g,ũb
Γˇ̃u∗i ,g,ũb

F0

(
p2,m2

ũb
, 0
)

+

6∑
b=1

Γ∗ˇ̃u∗j ,γ,ũb
Γˇ̃u∗i ,γ,ũb

F0

(
p2,m2

ũb
, 0
)

+

6∑
b=1

Γ∗ˇ̃u∗j ,Z,ũb
Γˇ̃u∗i ,Z,ũb

F0

(
p2,m2

ũb
,m2

Z

)
+

6∑
b=1

Γ∗ˇ̃u∗j ,Z′,ũb
Γˇ̃u∗i ,Z

′,ũb
F0

(
p2,m2

ũb
,m2

Z′

)
(187)

• Self-Energy for Sleptons (ẽ)

Πi,j(p
2) = +4Γˇ̃ei,ˇ̃e∗j ,W

+,W−

(
− 1

2
rMSm2

W− +A0

(
m2
W−

))
+ 2Γˇ̃ei,ˇ̃e∗j ,Z,Z

(
− 1

2
rMSm2

Z +A0

(
m2
Z

))
+ 2Γˇ̃ei,ˇ̃e∗j ,Z

′,Z′

(
− 1

2
rMSm2

Z′ +A0

(
m2
Z′

))
−

2∑
a=1

A0

(
m2
H−a

)
Γˇ̃ei,ˇ̃e∗j ,H

+
a ,H

−
a

− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γˇ̃ei,ˇ̃e∗j ,A

0
a,A

0
a
− 1

2

3∑
a=1

A0

(
m2
ha

)
Γˇ̃ei,ˇ̃e∗j ,ha,ha

− 2

3∑
a=1

mea

6∑
b=1

B0

(
p2,m2

ea ,m
2
χ̃0
b

)
mχ̃0

b

(
ΓL∗ˇ̃e∗j ,ea,χ̃

0
b
ΓRˇ̃e∗i ,ea,χ̃0

b
+ ΓR∗ˇ̃e∗j ,ea,χ̃

0
b
ΓLˇ̃e∗i ,ea,χ̃0

b

)
+

3∑
a=1

6∑
b=1

G0

(
p2,m2

ea ,m
2
χ̃0
b

)(
ΓL∗ˇ̃e∗j ,ea,χ̃

0
b
ΓLˇ̃e∗i ,ea,χ̃0

b
+ ΓR∗ˇ̃e∗j ,ea,χ̃

0
b
ΓRˇ̃e∗i ,ea,χ̃0

b

)
− 3

6∑
a=1

A0

(
m2
d̃a

)
Γˇ̃ei,ˇ̃e∗j ,d̃

∗
a,d̃a
−

6∑
a=1

A0

(
m2
ẽa

)
Γˇ̃ei,ˇ̃e∗j ,ẽ

∗
a,ẽa

− 3

6∑
a=1

A0

(
m2
ũa

)
Γˇ̃ei,ˇ̃e∗j ,ũ

∗
a,ũa
−

6∑
a=1

A0

(
m2
ν̃a

)
Γˇ̃ei,ˇ̃e∗j ,ν̃

∗
a ,ν̃a
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+

6∑
a=1

2∑
b=1

B0

(
p2,m2

ν̃a ,m
2
H−b

)
Γ∗ˇ̃e∗j ,ν̃a,H

−
b

Γˇ̃e∗i ,ν̃a,H
−
b

− 2

6∑
a=1

mνa

2∑
b=1

B0

(
p2,m2

νa ,m
2
χ̃−b

)
mχ̃−b

(
ΓL∗ˇ̃e∗j ,νa,χ̃

−
b

ΓRˇ̃e∗i ,νa,χ̃
−
b

+ ΓR∗ˇ̃e∗j ,νa,χ̃
−
b

ΓLˇ̃e∗i ,νa,χ̃
−
b

)
+

6∑
a=1

2∑
b=1

G0

(
p2,m2

νa ,m
2
χ̃−b

)(
ΓL∗ˇ̃e∗j ,νa,χ̃

−
b

ΓLˇ̃e∗i ,νa,χ̃
−
b

+ ΓR∗ˇ̃e∗j ,νa,χ̃
−
b

ΓRˇ̃e∗i ,νa,χ̃
−
b

)
+

6∑
a=1

3∑
b=1

B0

(
p2,m2

ẽa ,m
2
A0
b

)
Γ∗ˇ̃e∗j ,ẽa,A0

b
Γˇ̃e∗i ,ẽa,A

0
b

+

6∑
a=1

3∑
b=1

B0

(
p2,m2

ẽa ,m
2
hb

)
Γ∗ˇ̃e∗j ,ẽa,hb

Γˇ̃e∗i ,ẽa,hb

+

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′

)
+

6∑
b=1

Γ∗ˇ̃e∗j ,W−,ν̃b
Γˇ̃e∗i ,W

−,ν̃b
F0

(
p2,m2

ν̃b
,m2

W−

)
(188)

• 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−

−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

)
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γȟi,ȟj ,A0

a,A
0
a
− 1

2

3∑
a=1

A0

(
m2
ha

)
Γȟi,ȟj ,ha,ha

+
1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

A0
a
,m2

A0
b

)
Γ∗
ȟj ,A0

a,A
0
b
Γȟi,A0

a,A
0
b
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+

3∑
a=1

3∑
b=1

B0

(
p2,m2

ha ,m
2
A0
b

)
Γ∗
ȟj ,ha,A0

b
Γȟi,ha,A0

b
+

1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

ha ,m
2
hb

)
Γ∗
ȟj ,ha,hb

Γȟi,ha,hb

− 6

3∑
a=1

mda

3∑
b=1

B0

(
p2,m2

da ,m
2
db

)
mdb

(
ΓL∗
ȟj ,d̄a,db

ΓR
ȟi,d̄a,db

+ ΓR∗
ȟj ,d̄a,db

ΓL
ȟi,d̄a,db

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

da ,m
2
db

)(
ΓL∗
ȟj ,d̄a,db

ΓL
ȟi,d̄a,db

+ ΓR∗
ȟj ,d̄a,db

ΓR
ȟi,d̄a,db

)
− 2

3∑
a=1

mea

3∑
b=1

B0

(
p2,m2

ea ,m
2
eb

)
meb

(
ΓL∗
ȟj ,ēa,eb

ΓR
ȟi,ēa,eb

+ ΓR∗
ȟj ,ēa,eb

ΓL
ȟi,ēa,eb

)
+

3∑
a=1

3∑
b=1

G0

(
p2,m2

ea ,m
2
eb

)(
ΓL∗
ȟj ,ēa,eb

ΓL
ȟi,ēa,eb

+ ΓR∗
ȟj ,ēa,eb

ΓR
ȟi,ēa,eb

)
− 6

3∑
a=1

mua

3∑
b=1

B0

(
p2,m2

ua ,m
2
ub

)
mub

(
ΓL∗
ȟj ,ūa,ub

ΓR
ȟi,ūa,ub

+ ΓR∗
ȟj ,ūa,ub

ΓL
ȟi,ūa,ub

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

ua ,m
2
ub

)(
ΓL∗
ȟj ,ūa,ub

ΓL
ȟi,ūa,ub

+ ΓR∗
ȟj ,ūa,ub

ΓR
ȟi,ūa,ub

)
− 3

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 −

6∑
a=1

A0

(
m2
ν̃a

)
Γȟi,ȟj ,ν̃∗a ,ν̃a

+ 3

6∑
a=1

6∑
b=1

B0

(
p2,m2

d̃a
,m2

d̃b

)
Γ∗
ȟj ,d̃∗a,d̃b

Γȟi,d̃∗a,d̃b
+

6∑
a=1

6∑
b=1

B0

(
p2,m2

ẽa ,m
2
ẽb

)
Γ∗
ȟj ,ẽ∗a,ẽb

Γȟi,ẽ∗a,ẽb

+ 3

6∑
a=1

6∑
b=1

B0

(
p2,m2

ũa ,m
2
ũb

)
Γ∗
ȟj ,ũ∗a,ũb

Γȟi,ũ∗a,ũb +

6∑
a=1

6∑
b=1

B0

(
p2,m2

ν̃a ,m
2
ν̃b

)
Γ∗
ȟj ,ν̃∗a ,ν̃b

Γȟi,ν̃∗a ,ν̃b

−
6∑
a=1

mχ̃0
a

6∑
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

6∑
a=1

6∑
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

)
−

6∑
a=1

mνa

6∑
b=1

B0

(
p2,m2

νa ,m
2
νb

)
mνb

(
ΓL∗
ȟj ,νa,νb

ΓR
ȟi,νa,νb

+ ΓR∗
ȟj ,νa,νb

ΓL
ȟi,νa,νb

)
+

1

2

6∑
a=1

6∑
b=1

G0

(
p2,m2

νa ,m
2
νb

)(
ΓL∗
ȟj ,νa,νb

ΓL
ȟi,νa,νb

+ ΓR∗
ȟj ,νa,νb

ΓR
ȟi,νa,νb

)
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+ 2

2∑
b=1

Γ∗
ȟj ,W+,H−b

Γȟi,W+,H−b
F0

(
p2,m2

H−b
,m2

W−

)
+

3∑
b=1

Γ∗
ȟj ,Z,A0

b
Γȟi,Z,A0

b
F0

(
p2,m2

A0
b
,m2

Z

)
+

3∑
b=1

Γ∗
ȟj ,Z′,A0

b
Γȟi,Z′,A0

b
F0

(
p2,m2

A0
b
,m2

Z′

)
(189)

• 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

)
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
ΓǍ0

i ,Ǎ
0
j ,A

0
a,A

0
a
− 1

2

3∑
a=1

A0

(
m2
ha

)
ΓǍ0

i ,Ǎ
0
j ,ha,ha

+
1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

A0
a
,m2

A0
b

)
Γ∗
Ǎ0
j ,A

0
a,A

0
b
ΓǍ0

i ,A
0
a,A

0
b

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

ha ,m
2
A0
b

)
Γ∗
Ǎ0
j ,ha,A

0
b
ΓǍ0

i ,ha,A
0
b

+
1

2

3∑
a=1

3∑
b=1

B0

(
p2,m2

ha ,m
2
hb

)
Γ∗
Ǎ0
j ,ha,hb

ΓǍ0
i ,ha,hb

− 6

3∑
a=1

mda

3∑
b=1

B0

(
p2,m2

da ,m
2
db

)
mdb

(
ΓL∗
Ǎ0
j ,d̄a,db

ΓR
Ǎ0
i ,d̄a,db

+ ΓR∗
Ǎ0
j ,d̄a,db

ΓL
Ǎ0
i ,d̄a,db

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

da ,m
2
db

)(
ΓL∗
Ǎ0
j ,d̄a,db

ΓL
Ǎ0
i ,d̄a,db

+ ΓR∗
Ǎ0
j ,d̄a,db

ΓR
Ǎ0
i ,d̄a,db

)
− 2

3∑
a=1

mea

3∑
b=1

B0

(
p2,m2

ea ,m
2
eb

)
meb

(
ΓL∗
Ǎ0
j ,ēa,eb

ΓR
Ǎ0
i ,ēa,eb

+ ΓR∗
Ǎ0
j ,ēa,eb

ΓL
Ǎ0
i ,ēa,eb

)
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+

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

)
− 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
−

6∑
a=1

A0

(
m2
ν̃a

)
ΓǍ0

i ,Ǎ
0
j ,ν̃
∗
a ,ν̃a

+ 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

ν̃a ,m
2
ν̃b

)
Γ∗
Ǎ0
j ,ν̃
∗
a ,ν̃b

ΓǍ0
i ,ν̃
∗
a ,ν̃b

−
6∑
a=1

mχ̃0
a

6∑
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

6∑
a=1

6∑
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

)
−

6∑
a=1

mνa

6∑
b=1

B0

(
p2,m2

νa ,m
2
νb

)
mνb

(
ΓL∗
Ǎ0
j ,νa,νb

ΓR
Ǎ0
i ,νa,νb

+ ΓR∗
Ǎ0
j ,νa,νb

ΓL
Ǎ0
i ,νa,νb

)
+

1

2

6∑
a=1

6∑
b=1

G0

(
p2,m2

νa ,m
2
νb

)(
ΓL∗
Ǎ0
j ,νa,νb

ΓL
Ǎ0
i ,νa,νb

+ ΓR∗
Ǎ0
j ,νa,νb

ΓR
Ǎ0
i ,νa,νb

)
+ 2

2∑
b=1

Γ∗
Ǎ0
j ,W

+,H−b
ΓǍ0

i ,W
+,H−b

F0

(
p2,m2

H−b
,m2

W−

)
+

3∑
b=1

Γ∗
Ǎ0
j ,Z,hb

ΓǍ0
i ,Z,hb

F0

(
p2,m2

hb
,m2

Z

)
+

3∑
b=1

Γ∗
Ǎ0
j ,Z
′,hb

ΓǍ0
i ,Z
′,hb

F0

(
p2,m2

hb
,m2

Z′

)
(190)

• Self-Energy for Charged Higgs (H−)
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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

3∑
b=1

B0

(
p2,m2

H−a
,m2

A0
b

)
Γ∗
Ȟ+
j ,H

−
a ,A

0
b

ΓȞ+
i ,H

−
a ,A

0
b

+

2∑
a=1

3∑
b=1

B0

(
p2,m2

H−a
,m2

hb

)
Γ∗
Ȟ+
j ,H

−
a ,hb

ΓȞ+
i ,H

−
a ,hb
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
ΓȞ−i ,Ȟ

+
j ,A

0
a,A

0
a

− 1

2

3∑
a=1

A0

(
m2
ha

)
ΓȞ−i ,Ȟ

+
j ,ha,ha

− 6

3∑
a=1

mua

3∑
b=1

B0

(
p2,m2

ua ,m
2
db

)
mdb

(
ΓL∗
Ȟ+
j ,ūa,db

ΓR
Ȟ+
i ,ūa,db

+ ΓR∗
Ȟ+
j ,ūa,db

ΓL
Ȟ+
i ,ūa,db

)
+ 3

3∑
a=1

3∑
b=1

G0

(
p2,m2

ua ,m
2
db

)(
ΓL∗
Ȟ+
j ,ūa,db

ΓL
Ȟ+
i ,ūa,db

+ ΓR∗
Ȟ+
j ,ūa,db

ΓR
Ȟ+
i ,ūa,db

)
− 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
−

6∑
a=1

A0

(
m2
ν̃a

)
ΓȞ−i ,Ȟ

+
j ,ν̃
∗
a ,ν̃a

− 2

6∑
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

)
+

6∑
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

6∑
a=1

mνa

3∑
b=1

B0

(
p2,m2

νa ,m
2
eb

)
meb

(
ΓL∗
Ȟ+
j ,νa,eb

ΓR
Ȟ+
i ,νa,eb

+ ΓR∗
Ȟ+
j ,νa,eb

ΓL
Ȟ+
i ,νa,eb

)
+

6∑
a=1

3∑
b=1

G0

(
p2,m2

νa ,m
2
eb

)(
ΓL∗
Ȟ+
j ,νa,eb

ΓL
Ȟ+
i ,νa,eb

+ ΓR∗
Ȟ+
j ,νa,eb

ΓR
Ȟ+
i ,νa,eb

)
+ 3

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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+

6∑
a=1

6∑
b=1

B0

(
p2,m2

ν̃a ,m
2
ẽb

)
Γ∗
Ȟ+
j ,ν̃
∗
a ,ẽb

ΓȞ+
i ,ν̃
∗
a ,ẽb

+

2∑
b=1

Γ∗
Ȟ+
j ,γ,H

−
b

ΓȞ+
i ,γ,H

−
b
F0

(
p2,m2

H−b
, 0
)

+

2∑
b=1

Γ∗
Ȟ+
j ,Z,H

−
b

ΓȞ+
i ,Z,H

−
b
F0

(
p2,m2

H−b
,m2

Z

)
+

2∑
b=1

Γ∗
Ȟ+
j ,Z

′,H−b
ΓȞ+

i ,Z
′,H−b

F0

(
p2,m2

H−b
,m2

Z′

)
+

3∑
b=1

Γ∗
Ȟ+
j ,W

−,A0
b

ΓȞ+
i ,W

−,A0
b
F0

(
p2,m2

A0
b
,m2

W−

)
+

3∑
b=1

Γ∗
Ȟ+
j ,W

−,hb
ΓȞ+

i ,W
−,hb

F0

(
p2,m2

hb
,m2

W−

)
(191)

• Self-Energy for Neutralinos (χ̃0)

ΣSi,j(p
2) = +2

2∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−b
,m2

H−a

)
ΓL∗ˇ̃χ0

j ,H
+
a ,χ̃
−
b

mχ̃−b
ΓRˇ̃χ0

i ,H
+
a ,χ̃
−
b

+

3∑
a=1

6∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

ha

)
ΓL∗ˇ̃χ0

j ,ha,χ̃
0
b
mχ̃0

b
ΓRˇ̃χ0

i ,ha,χ̃
0
b

+

6∑
a=1

mχ̃0
a

3∑
b=1

B0

(
p2,m2

χ̃0
a
,m2

A0
b

)
ΓL∗ˇ̃χ0

j ,χ̃
0
a,A

0
b
ΓRˇ̃χ0

i ,χ̃
0
a,A

0
b

+ 6

6∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

d̃a

)
ΓL∗ˇ̃χ0

j ,d̃
∗
a,db

mdbΓ
R
ˇ̃χ0
i ,d̃
∗
a,db

+ 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

+ 2

6∑
a=1

6∑
b=1

B0

(
p2,m2

νb
,m2

ν̃a

)
ΓL∗ˇ̃χ0

j ,ν̃
∗
a ,νb

mνbΓ
R
ˇ̃χ0
i ,ν̃
∗
a ,νb

− 8

2∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃−b
,m2

W−

))
ΓR∗ˇ̃χ0

j ,W
+,χ̃−b

mχ̃−b
ΓLˇ̃χ0

i ,W
+,χ̃−b

− 4

6∑
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

− 4

6∑
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
(192)

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
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− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ha

)
ΓR∗ˇ̃χ0

j ,ha,χ̃
0
b
ΓRˇ̃χ0

i ,ha,χ̃
0
b

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

χ̃0
a
,m2

A0
b

)
ΓR∗ˇ̃χ0

j ,χ̃
0
a,A

0
b
ΓRˇ̃χ0

i ,χ̃
0
a,A

0
b

− 3

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

d̃a

)
ΓR∗ˇ̃χ0

j ,d̃
∗
a,db

ΓRˇ̃χ0
i ,d̃
∗
a,db

−
6∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ẽa

)
ΓR∗ˇ̃χ0

j ,ẽ
∗
a,eb

ΓRˇ̃χ0
i ,ẽ
∗
a,eb

− 3

6∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ũa

)
ΓR∗ˇ̃χ0

j ,ũ
∗
a,ub

ΓRˇ̃χ0
i ,ũ
∗
a,ub

−
6∑
a=1

6∑
b=1

B1

(
p2,m2

νb
,m2

ν̃a

)
ΓR∗ˇ̃χ0

j ,ν̃
∗
a ,νb

ΓRˇ̃χ0
i ,ν̃
∗
a ,νb

− 2

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

W−

)
ΓL∗ˇ̃χ0

j ,W
+,χ̃−b

ΓLˇ̃χ0
i ,W

+,χ̃−b
−

6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z

)
ΓL∗ˇ̃χ0

j ,Z,χ̃
0
b
ΓLˇ̃χ0

i ,Z,χ̃
0
b

−
6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z′

)
ΓL∗ˇ̃χ0

j ,Z
′,χ̃0

b
ΓLˇ̃χ0

i ,Z
′,χ̃0

b
(193)

ΣLi,j(p
2) = −

2∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

H−a

)
ΓL∗ˇ̃χ0

j ,H
+
a ,χ̃
−
b

ΓLˇ̃χ0
i ,H

+
a ,χ̃
−
b

− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ha

)
ΓL∗ˇ̃χ0

j ,ha,χ̃
0
b
ΓLˇ̃χ0

i ,ha,χ̃
0
b

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

χ̃0
a
,m2

A0
b

)
ΓL∗ˇ̃χ0

j ,χ̃
0
a,A

0
b
ΓLˇ̃χ0

i ,χ̃
0
a,A

0
b

− 3

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

d̃a

)
ΓL∗ˇ̃χ0

j ,d̃
∗
a,db

ΓLˇ̃χ0
i ,d̃
∗
a,db

−
6∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ẽa

)
ΓL∗ˇ̃χ0

j ,ẽ
∗
a,eb

ΓLˇ̃χ0
i ,ẽ
∗
a,eb

− 3

6∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ũa

)
ΓL∗ˇ̃χ0

j ,ũ
∗
a,ub

ΓLˇ̃χ0
i ,ũ
∗
a,ub

−
6∑
a=1

6∑
b=1

B1

(
p2,m2

νb
,m2

ν̃a

)
ΓL∗ˇ̃χ0

j ,ν̃
∗
a ,νb

ΓLˇ̃χ0
i ,ν̃
∗
a ,νb
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− 2

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

W−

)
ΓR∗ˇ̃χ0

j ,W
+,χ̃−b

ΓRˇ̃χ0
i ,W

+,χ̃−b
−

6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z

)
ΓR∗ˇ̃χ0

j ,Z,χ̃
0
b
ΓRˇ̃χ0

i ,Z,χ̃
0
b

−
6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

Z′

)
ΓR∗ˇ̃χ0

j ,Z
′,χ̃0

b
ΓRˇ̃χ0

i ,Z
′,χ̃0

b
(194)

• Self-Energy for Neutrinos (ν)

ΣSi,j(p
2) = +2

2∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

H−a

)
ΓL∗
ν̌j ,H

+
a ,eb

mebΓ
R
ν̌i,H

+
a ,eb

+

3∑
a=1

6∑
b=1

B0

(
p2,m2

νb
,m2

ha

)
ΓL∗ν̌j ,ha,νbmνbΓ

R
ν̌i,ha,νb

+ 2

6∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−b
,m2

ẽa

)
ΓL∗
ν̌j ,ẽ∗a,χ̃

−
b

mχ̃−b
ΓR
ν̌i,ẽ∗a,χ̃

−
b

+

6∑
a=1

mνa

3∑
b=1

B0

(
p2,m2

νa ,m
2
A0
b

)
ΓL∗ν̌j ,νa,A0

b
ΓRν̌i,νa,A0

b

+ 2

6∑
a=1

6∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

ν̃a

)
ΓL∗ν̌j ,ν̃∗a ,χ̃0

b
mχ̃0

b
ΓRν̌i,ν̃∗a ,χ̃0

b

− 8

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

eb
,m2

W−

))
ΓR∗ν̌j ,W+,eb

mebΓ
L
ν̌i,W+,eb

− 4

6∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

νb
, 0
))

ΓR∗ν̌j ,γ,νbmνbΓ
L
ν̌i,γ,νb

− 4

6∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

νb
,m2

Z

))
ΓR∗ν̌j ,Z,νbmνbΓ

L
ν̌i,Z,νb

− 4

6∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

νb
,m2

Z′

))
ΓR∗ν̌j ,Z′,νbmνbΓ

L
ν̌i,Z′,νb

(195)

ΣRi,j(p
2) = −

2∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

H−a

)
ΓR∗
ν̌j ,H

+
a ,eb

ΓR
ν̌i,H

+
a ,eb

− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

νb
,m2

ha

)
ΓR∗ν̌j ,ha,νbΓ

R
ν̌i,ha,νb

−
6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ẽa

)
ΓR∗
ν̌j ,ẽ∗a,χ̃

−
b

ΓR
ν̌i,ẽ∗a,χ̃

−
b

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

νa ,m
2
A0
b

)
ΓR∗ν̌j ,νa,A0

b
ΓRν̌i,νa,A0

b

−
6∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ν̃a

)
ΓR∗ν̌j ,ν̃∗a ,χ̃0

b
ΓRν̌i,ν̃∗a ,χ̃0

b
− 2

3∑
b=1

B1

(
p2,m2

eb
,m2

W−

)
ΓL∗ν̌j ,W+,eb

ΓLν̌i,W+,eb
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−
6∑
b=1

B1

(
p2,m2

νb
, 0
)

ΓL∗ν̌j ,γ,νbΓ
L
ν̌i,γ,νb

−
6∑
b=1

B1

(
p2,m2

νb
,m2

Z

)
ΓL∗ν̌j ,Z,νbΓ

L
ν̌i,Z,νb

−
6∑
b=1

B1

(
p2,m2

νb
,m2

Z′

)
ΓL∗ν̌j ,Z′,νbΓ

L
ν̌i,Z′,νb

(196)

ΣLi,j(p
2) = −

2∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

H−a

)
ΓL∗
ν̌j ,H

+
a ,eb

ΓL
ν̌i,H

+
a ,eb

− 1

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

νb
,m2

ha

)
ΓL∗ν̌j ,ha,νbΓ

L
ν̌i,ha,νb

−
6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ẽa

)
ΓL∗
ν̌j ,ẽ∗a,χ̃

−
b

ΓL
ν̌i,ẽ∗a,χ̃

−
b

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

νa ,m
2
A0
b

)
ΓL∗ν̌j ,νa,A0

b
ΓLν̌i,νa,A0

b

−
6∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

ν̃a

)
ΓL∗ν̌j ,ν̃∗a ,χ̃0

b
ΓLν̌i,ν̃∗a ,χ̃0

b
− 2

3∑
b=1

B1

(
p2,m2

eb
,m2

W−

)
ΓR∗ν̌j ,W+,eb

ΓRν̌i,W+,eb

−
6∑
b=1

B1

(
p2,m2

νb
, 0
)

ΓR∗ν̌j ,γ,νbΓ
R
ν̌i,γ,νb

−
6∑
b=1

B1

(
p2,m2

νb
,m2

Z

)
ΓR∗ν̌j ,Z,νbΓ

R
ν̌i,Z,νb

−
6∑
b=1

B1

(
p2,m2

νb
,m2

Z′

)
ΓR∗ν̌j ,Z′,νbΓ

R
ν̌i,Z′,νb

(197)

• Self-Energy for Charginos (χ̃−)

ΣSi,j(p
2) = +

2∑
a=1

mχ̃−a

3∑
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

6∑
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

2∑
b=1

B0

(
p2,m2

χ̃−b
,m2

ha

)
ΓL∗ˇ̃χ+

j ,ha,χ̃
−
b

mχ̃−b
ΓRˇ̃χ+

i ,ha,χ̃
−
b

+ 3

3∑
a=1

mua

6∑
b=1

B0

(
p2,m2

ua ,m
2
d̃b

)
ΓL∗ˇ̃χ+

j ,ūa,d̃b
ΓRˇ̃χ+

i ,ūa,d̃b

+ 3

6∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

ũa

)
ΓL∗ˇ̃χ+

j ,ũ
∗
a,db

mdbΓ
R
ˇ̃χ+
i ,ũ
∗
a,db
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+

6∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

ν̃a

)
ΓL∗ˇ̃χ+

j ,ν̃
∗
a ,eb

mebΓ
R
ˇ̃χ+
i ,ν̃
∗
a ,eb

+

6∑
a=1

6∑
b=1

B0

(
p2,m2

νb
,m2

ẽa

)
ΓL∗ˇ̃χ+

j ,ẽa,νb
mνbΓ

R
ˇ̃χ+
i ,ẽa,νb

− 4

2∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃−b
, 0
))

ΓR∗ˇ̃χ+
j ,γ,χ̃

−
b

mχ̃−b
ΓLˇ̃χ+

i ,γ,χ̃
−
b

− 4

2∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

χ̃−b
,m2

Z

))
ΓR∗ˇ̃χ+

j ,Z,χ̃
−
b

mχ̃−b
ΓLˇ̃χ+

i ,Z,χ̃
−
b

− 4
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

6∑
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

(198)

ΣRi,j(p
2) = −1

2

2∑
a=1

3∑
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

6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

H−a

)
ΓR∗ˇ̃χ+

j ,H
−
a ,χ̃

0
b

ΓRˇ̃χ+
i ,H

−
a ,χ̃

0
b

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ha

)
ΓR∗ˇ̃χ+

j ,ha,χ̃
−
b

ΓRˇ̃χ+
i ,ha,χ̃

−
b

− 3

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

ua ,m
2
d̃b

)
ΓR∗ˇ̃χ+

j ,ūa,d̃b
ΓRˇ̃χ+

i ,ūa,d̃b

− 3

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ũa

)
ΓR∗ˇ̃χ+

j ,ũ
∗
a,db

ΓRˇ̃χ+
i ,ũ
∗
a,db

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ν̃a

)
ΓR∗ˇ̃χ+

j ,ν̃
∗
a ,eb

ΓRˇ̃χ+
i ,ν̃
∗
a ,eb

− 1

2

6∑
a=1

6∑
b=1

B1

(
p2,m2

νb
,m2

ẽa

)
ΓR∗ˇ̃χ+

j ,ẽa,νb
ΓRˇ̃χ+

i ,ẽa,νb
−

2∑
b=1

B1

(
p2,m2

χ̃−b
, 0
)

ΓL∗ˇ̃χ+
j ,γ,χ̃

−
b

ΓLˇ̃χ+
i ,γ,χ̃

−
b

−
2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

Z

)
ΓL∗ˇ̃χ+

j ,Z,χ̃
−
b

ΓLˇ̃χ+
i ,Z,χ̃

−
b

−
2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

Z′

)
ΓL∗ˇ̃χ+

j ,Z
′,χ̃−b

ΓLˇ̃χ+
i ,Z

′,χ̃−b

−
6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

W−

)
ΓL∗ˇ̃χ+

j ,W
−,χ̃0

b

ΓLˇ̃χ+
i ,W

−,χ̃0
b

(199)
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ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

χ̃−a
,m2

A0
b

)
ΓL∗ˇ̃χ+

j ,χ̃
−
a ,A

0
b

ΓLˇ̃χ+
i ,χ̃
−
a ,A

0
b

− 1

2

2∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

H−a

)
ΓL∗ˇ̃χ+

j ,H
−
a ,χ̃

0
b

ΓLˇ̃χ+
i ,H

−
a ,χ̃

0
b

− 1

2

3∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ha

)
ΓL∗ˇ̃χ+

j ,ha,χ̃
−
b

ΓLˇ̃χ+
i ,ha,χ̃

−
b

− 3

2

3∑
a=1

6∑
b=1

B1

(
p2,m2

ua ,m
2
d̃b

)
ΓL∗ˇ̃χ+

j ,ūa,d̃b
ΓLˇ̃χ+

i ,ūa,d̃b

− 3

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ũa

)
ΓL∗ˇ̃χ+

j ,ũ
∗
a,db

ΓLˇ̃χ+
i ,ũ
∗
a,db

− 1

2

6∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ν̃a

)
ΓL∗ˇ̃χ+

j ,ν̃
∗
a ,eb

ΓLˇ̃χ+
i ,ν̃
∗
a ,eb

− 1

2

6∑
a=1

6∑
b=1

B1

(
p2,m2

νb
,m2

ẽa

)
ΓL∗ˇ̃χ+

j ,ẽa,νb
ΓLˇ̃χ+

i ,ẽa,νb
−

2∑
b=1

B1

(
p2,m2

χ̃−b
, 0
)

ΓR∗ˇ̃χ+
j ,γ,χ̃

−
b

ΓRˇ̃χ+
i ,γ,χ̃

−
b

−
2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

Z

)
ΓR∗ˇ̃χ+

j ,Z,χ̃
−
b

ΓRˇ̃χ+
i ,Z,χ̃

−
b

−
2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

Z′

)
ΓR∗ˇ̃χ+

j ,Z
′,χ̃−b

ΓRˇ̃χ+
i ,Z

′,χ̃−b

−
6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

W−

)
ΓR∗ˇ̃χ+

j ,W
−,χ̃0

b

ΓRˇ̃χ+
i ,W

−,χ̃0
b

(200)

• Self-Energy for Leptons (e)

ΣSi,j(p
2) = +

2∑
a=1

6∑
b=1

B0

(
p2,m2

νb
,m2

H−a

)
ΓL∗ˇ̄ej ,H

−
a ,νb

mνbΓ
R
ˇ̄ei,H

−
a ,νb

+

3∑
a=1

mea

3∑
b=1

B0

(
p2,m2

ea ,m
2
A0
b

)
ΓL∗ˇ̄ej ,ea,A0

b
ΓRˇ̄ei,ea,A0

b

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

eb
,m2

ha

)
ΓL∗ˇ̄ej ,ha,eb

mebΓ
R
ˇ̄ei,ha,eb

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−b
,m2

ν̃a

)
ΓL∗ˇ̄ej ,ν̃a,χ̃

−
b

mχ̃−b
ΓRˇ̄ei,ν̃a,χ̃−b

+

6∑
a=1

6∑
b=1

B0

(
p2,m2

χ̃0
b
,m2

ẽa

)
ΓL∗ˇ̄ej ,ẽa,χ̃0

b
mχ̃0

b
ΓRˇ̄ei,ẽa,χ̃0

b
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− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

eb
, 0
))

ΓR∗ˇ̄ej ,γ,eb
mebΓ

L
ˇ̄ei,γ,eb

− 4

3∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

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

− 4

6∑
b=1

(
− 1

2
rMS +B0

(
p2,m2

νb
,m2

W−

))
ΓR∗ˇ̄ej ,W−,νb

mνbΓ
L
ˇ̄ei,W−,νb

(201)

ΣRi,j(p
2) = −1

2

2∑
a=1

6∑
b=1

B1

(
p2,m2

νb
,m2

H−a

)
ΓR∗ˇ̄ej ,H

−
a ,νb

ΓRˇ̄ei,H−a ,νb

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

ea ,m
2
A0
b

)
ΓR∗ˇ̄ej ,ea,A0

b
ΓRˇ̄ei,ea,A0

b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ha

)
ΓR∗ˇ̄ej ,ha,eb

ΓRˇ̄ei,ha,eb

− 1

2

6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ν̃a

)
ΓR∗ˇ̄ej ,ν̃a,χ̃

−
b

ΓRˇ̄ei,ν̃a,χ̃−b

− 1

2

6∑
a=1

6∑
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

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

−
6∑
b=1

B1

(
p2,m2

νb
,m2

W−

)
ΓL∗ˇ̄ej ,W−,νb

ΓLˇ̄ei,W−,νb (202)

ΣLi,j(p
2) = −1

2

2∑
a=1

6∑
b=1

B1

(
p2,m2

νb
,m2

H−a

)
ΓL∗ˇ̄ej ,H

−
a ,νb

ΓLˇ̄ei,H−a ,νb

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

ea ,m
2
A0
b

)
ΓL∗ˇ̄ej ,ea,A0

b
ΓLˇ̄ei,ea,A0

b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

eb
,m2

ha

)
ΓL∗ˇ̄ej ,ha,eb

ΓLˇ̄ei,ha,eb

− 1

2

6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ν̃a

)
ΓL∗ˇ̄ej ,ν̃a,χ̃

−
b

ΓLˇ̄ei,ν̃a,χ̃−b

− 1

2

6∑
a=1

6∑
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
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−
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

−
6∑
b=1

B1

(
p2,m2

νb
,m2

W−

)
ΓR∗ˇ̄ej ,W−,νb

ΓRˇ̄ei,W−,νb (203)

• Self-Energy for Down-Quarks (d)

ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

H−a

)
ΓL∗ˇ̄dj ,H−a ,ub

mubΓ
R
ˇ̄di,H

−
a ,ub

+

3∑
a=1

mda

3∑
b=1

B0

(
p2,m2

da ,m
2
A0
b

)
ΓL∗ˇ̄dj ,da,A0

b

ΓRˇ̄di,da,A0
b

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

ha

)
ΓL∗ˇ̄dj ,ha,db

mdbΓ
R
ˇ̄di,ha,db

+

6∑
a=1

2∑
b=1

B0

(
p2,m2

χ̃−b
,m2

ũa

)
ΓL∗ˇ̄dj ,ũa,χ̃−b

mχ̃−b
ΓRˇ̄di,ũa,χ̃−b

+

6∑
a=1

6∑
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

(204)

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

3∑
b=1

B1

(
p2,m2

da ,m
2
A0
b

)
ΓR∗ˇ̄dj ,da,A0

b

ΓRˇ̄di,da,A0
b
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− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ha

)
ΓR∗ˇ̄dj ,ha,db

ΓRˇ̄di,ha,db

− 1

2

6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ũa

)
ΓR∗ˇ̄dj ,ũa,χ̃−b

ΓRˇ̄di,ũa,χ̃−b

− 1

2

6∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃0
b
,m2

d̃a

)
ΓR∗ˇ̄dj ,d̃a,χ̃0

b

ΓRˇ̄di,d̃a,χ̃0
b

− 2

3

6∑
a=1

B1

(
p2,m2

g̃,m
2
d̃a

)
ΓR∗ˇ̄dj ,d̃a,g̃1

ΓRˇ̄di,d̃a,g̃1
− 4

3

3∑
b=1

B1

(
p2,m2

db
, 0
)

ΓL∗ˇ̄dj ,g,db
ΓLˇ̄di,g,db

−
3∑
b=1

B1

(
p2,m2

db
, 0
)

ΓL∗ˇ̄dj ,γ,db
ΓLˇ̄di,γ,db

−
3∑
b=1

B1

(
p2,m2

ub
,m2

W−

)
ΓL∗ˇ̄dj ,W−,ub

ΓLˇ̄di,W−,ub

−
3∑
b=1

B1

(
p2,m2

db
,m2

Z

)
ΓL∗ˇ̄dj ,Z,db

ΓLˇ̄di,Z,db
−

3∑
b=1

B1

(
p2,m2

db
,m2

Z′

)
ΓL∗ˇ̄dj ,Z′,db

ΓLˇ̄di,Z′,db
(205)

ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

H−a

)
ΓL∗ˇ̄dj ,H−a ,ub

ΓLˇ̄di,H−a ,ub

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

da ,m
2
A0
b

)
ΓL∗ˇ̄dj ,da,A0

b

ΓLˇ̄di,da,A0
b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

ha

)
ΓL∗ˇ̄dj ,ha,db

ΓLˇ̄di,ha,db

− 1

2

6∑
a=1

2∑
b=1

B1

(
p2,m2

χ̃−b
,m2

ũa

)
ΓL∗ˇ̄dj ,ũa,χ̃−b

ΓLˇ̄di,ũa,χ̃−b

− 1

2

6∑
a=1

6∑
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
(206)

• Self-Energy for Up-Quarks (u)
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ΣSi,j(p
2) = +

2∑
a=1

3∑
b=1

B0

(
p2,m2

db
,m2

H−a

)
ΓL∗ˇ̄uj ,H

+
a ,db

mdbΓ
R
ˇ̄ui,H

+
a ,db

+

2∑
a=1

mχ̃−a

6∑
b=1

B0

(
p2,m2

χ̃−a
,m2

d̃b

)
ΓL∗ˇ̄uj ,χ̃

+
a ,d̃b

ΓRˇ̄ui,χ̃+
a ,d̃b

+

3∑
a=1

mua

3∑
b=1

B0

(
p2,m2

ua ,m
2
A0
b

)
ΓL∗ˇ̄uj ,ua,A0

b
ΓRˇ̄ui,ua,A0

b

+

3∑
a=1

3∑
b=1

B0

(
p2,m2

ub
,m2

ha

)
ΓL∗ˇ̄uj ,ha,ub

mubΓ
R
ˇ̄ui,ha,ub

+

6∑
a=1

6∑
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

(207)

ΣRi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

H−a

)
ΓR∗ˇ̄uj ,H

+
a ,db

ΓRˇ̄ui,H+
a ,db

− 1

2

2∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃−a
,m2

d̃b

)
ΓR∗ˇ̄uj ,χ̃

+
a ,d̃b

ΓRˇ̄ui,χ̃+
a ,d̃b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

ua ,m
2
A0
b

)
ΓR∗ˇ̄uj ,ua,A0

b
ΓRˇ̄ui,ua,A0

b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ha

)
ΓR∗ˇ̄uj ,ha,ub

ΓRˇ̄ui,ha,ub

− 1

2

6∑
a=1

6∑
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
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−
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
(208)

ΣLi,j(p
2) = −1

2

2∑
a=1

3∑
b=1

B1

(
p2,m2

db
,m2

H−a

)
ΓL∗ˇ̄uj ,H

+
a ,db

ΓLˇ̄ui,H+
a ,db

− 1

2

2∑
a=1

6∑
b=1

B1

(
p2,m2

χ̃−a
,m2

d̃b

)
ΓL∗ˇ̄uj ,χ̃

+
a ,d̃b

ΓLˇ̄ui,χ̃+
a ,d̃b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

ua ,m
2
A0
b

)
ΓL∗ˇ̄uj ,ua,A0

b
ΓLˇ̄ui,ua,A0

b

− 1

2

3∑
a=1

3∑
b=1

B1

(
p2,m2

ub
,m2

ha

)
ΓL∗ˇ̄uj ,ha,ub

ΓLˇ̄ui,ha,ub

− 1

2

6∑
a=1

6∑
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
(209)

• 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

(210)

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 (211)
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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 (212)

• 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

)]
+

1

2

3∑
a=1

A0

(
m2
A0
a

)
ΓZ,Z,A0

a,A
0
a

+
1

2

3∑
a=1

A0

(
m2
ha

)
ΓZ,Z,ha,ha

− 4

3∑
a=1

3∑
b=1

|ΓZ,ha,A0
b
|2B00

(
p2,m2

A0
b
,m2

ha

)
+ 3

3∑
a=1

3∑
b=1

[(
|ΓLZ,d̄a,db |

2 + |ΓRZ,d̄a,db |
2
)
H0

(
p2,m2

da ,m
2
db

)
+ 4B0

(
p2,m2

da ,m
2
db

)
mdamdb<

(
ΓL∗Z,d̄a,dbΓ

R
Z,d̄a,db

)]
+

3∑
a=1

3∑
b=1

[(
|ΓLZ,ēa,eb |

2 + |ΓRZ,ēa,eb |
2
)
H0

(
p2,m2

ea ,m
2
eb

)
+ 4B0

(
p2,m2

ea ,m
2
eb

)
meameb<

(
ΓL∗Z,ēa,ebΓ

R
Z,ēa,eb

)]
+ 3

3∑
a=1

3∑
b=1

[(
|ΓLZ,ūa,ub |

2 + |ΓRZ,ūa,ub |
2
)
H0

(
p2,m2

ua ,m
2
ub

)
+ 4B0

(
p2,m2

ua ,m
2
ub

)
muamub<

(
ΓL∗Z,ūa,ubΓ

R
Z,ūa,ub

)]
+ 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

+
6∑
a=1

A0

(
m2
ν̃a

)
ΓZ,Z,ν̃∗a ,ν̃a − 12

6∑
a=1

6∑
b=1

|ΓZ,d̃∗a,d̃b |
2B00

(
p2,m2

d̃a
,m2

d̃b

)
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− 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

)
− 4

6∑
a=1

6∑
b=1

|ΓZ,ν̃∗a ,ν̃b |
2B00

(
p2,m2

ν̃a ,m
2
ν̃b

)
+

1

2

6∑
a=1

6∑
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

)]
+

1

2

6∑
a=1

6∑
b=1

[(
|ΓLZ,νa,νb |

2 + |ΓRZ,νa,νb |
2
)
H0

(
p2,m2

νa ,m
2
νb

)
+ 4B0

(
p2,m2

νa ,m
2
νb

)
mνamνb<

(
ΓL∗Z,νa,νbΓ

R
Z,νa,νb

)]
+ 2

2∑
b=1

|ΓZ,W+,H−b
|2B0

(
p2,m2

W− ,m
2
H−b

)
+

3∑
b=1

|ΓZ,Z,hb |2B0

(
p2,m2

Z ,m
2
hb

)
+

3∑
b=1

|ΓZ,Z′,hb |2B0

(
p2,m2

Z′ ,m
2
hb

)
+ 2rMSm2

W−Γ1
Z,Z,W+,W− −A0

(
m2
W−

)(
4Γ1

Z,Z,W+,W− + Γ2
Z,Z,W+,W− + Γ3

Z,Z,W+,W−

)
(213)

• 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

)]
+

1

2

3∑
a=1

A0

(
m2
A0
a

)
ΓZ′,Z′,A0

a,A
0
a

+
1

2

3∑
a=1

A0

(
m2
ha

)
ΓZ′,Z′,ha,ha

− 4

3∑
a=1

3∑
b=1

|ΓZ′,ha,A0
b
|2B00

(
p2,m2

A0
b
,m2

ha

)
+ 3

3∑
a=1

3∑
b=1

[(
|ΓLZ′,d̄a,db |

2 + |ΓRZ′,d̄a,db |
2
)
H0

(
p2,m2

da ,m
2
db

)
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+ 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

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

+

6∑
a=1

A0

(
m2
ν̃a

)
ΓZ′,Z′,ν̃∗a ,ν̃a − 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

)
− 4

6∑
a=1

6∑
b=1

|ΓZ′,ν̃∗a ,ν̃b |
2B00

(
p2,m2

ν̃a ,m
2
ν̃b

)
+

1

2

6∑
a=1

6∑
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

)]
+

1

2

6∑
a=1

6∑
b=1

[(
|ΓLZ′,νa,νb |

2 + |ΓRZ′,νa,νb |
2
)
H0

(
p2,m2

νa ,m
2
νb

)
+ 4B0

(
p2,m2

νa ,m
2
νb

)
mνamνb<

(
ΓL∗Z′,νa,νbΓ

R
Z′,νa,νb

)]
+ 2

2∑
b=1

|ΓZ′,W+,H−b
|2B0

(
p2,m2

W− ,m
2
H−b

)
+

3∑
b=1

|ΓZ′,Z,hb |2B0

(
p2,m2

Z ,m
2
hb

)
+

3∑
b=1

|ΓZ′,Z′,hb |2B0

(
p2,m2

Z′ ,m
2
hb

)
+ 2rMSm2

W−Γ1
Z′,Z′,W+,W− −A0

(
m2
W−

)(
4Γ1

Z′,Z′,W+,W− + Γ2
Z′,Z′,W+,W− + Γ3

Z′,Z′,W+,W−

)
(214)

• 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

)
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+ 4B0

(
p2,m2

ua ,m
2
db

)
mdbmua<

(
ΓL∗W+,ūa,db

ΓRW+,ūa,db

)]
+ 3

6∑
a=1

A0

(
m2
d̃a

)
ΓW−,W+,d̃∗a,d̃a

+ 3

6∑
a=1

A0

(
m2
ũa

)
ΓW−,W+,ũ∗a,ũa

− 4

2∑
a=1

3∑
b=1

|ΓW+,H−a ,A
0
b
|2B00

(
p2,m2

A0
b
,m2

H−a

)
− 4

2∑
a=1

3∑
b=1

|ΓW+,H−a ,hb
|2B00

(
p2,m2

hb
,m2

H−a

)
− 4

6∑
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

3∑
a=1

A0

(
m2
A0
a

)
ΓW−,W+,A0

a,A
0
a

+
1

2

3∑
a=1

A0

(
m2
ha

)
ΓW−,W+,ha,ha + |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

+

6∑
a=1

A0

(
m2
ẽa

)
ΓW−,W+,ẽ∗a,ẽa

+

6∑
a=1

A0

(
m2
ν̃a

)
ΓW−,W+,ν̃∗a ,ν̃a

+

6∑
a=1

2∑
b=1

[(
|ΓL
W+,χ̃0

a,χ̃
−
b

|2 + |ΓR
W+,χ̃0

a,χ̃
−
b

|2
)
H0

(
p2,m2

χ̃0
a
,m2

χ̃−b

)
+ 4B0

(
p2,m2

χ̃0
a
,m2

χ̃−b

)
mχ̃−b

mχ̃0
a
<
(

ΓL∗
W+,χ̃0

a,χ̃
−
b

ΓR
W+,χ̃0

a,χ̃
−
b

)]
+

6∑
a=1

3∑
b=1

[(
|ΓLW+,νa,eb

|2 + |ΓRW+,νa,eb
|2
)
H0

(
p2,m2

νa ,m
2
eb

)
+ 4B0

(
p2,m2

νa ,m
2
eb

)
mebmνa<

(
ΓL∗W+,νa,eb

ΓRW+,νa,eb

)]
+

2∑
b=1

|ΓW+,γ,H−b
|2B0

(
p2, 0,m2

H−b

)
+

2∑
b=1

|ΓW+,Z,H−b
|2B0

(
p2,m2

Z ,m
2
H−b

)
+

2∑
b=1

|ΓW+,Z′,H−b
|2B0

(
p2,m2

Z′ ,m
2
H−b

)
+

3∑
b=1

|ΓW+,W−,hb |
2B0

(
p2,m2

W− ,m
2
hb

)
(215)

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

+ 2

2∑
a=1

A0

(
m2
χ̃−a

)
mχ̃−a

(
ΓL
ȟi,χ̃

+
a ,χ̃
−
a

+ ΓR
ȟi,χ̃

+
a ,χ̃
−
a

)
− 1

2

3∑
a=1

A0

(
m2
A0
a

)
Γȟi,A0

a,A
0
a

− 1

2

3∑
a=1

A0

(
m2
ha

)
Γȟi,ha,ha + 6

3∑
a=1

A0

(
m2
da

)
mda

(
ΓL
ȟi,d̄a,da

+ ΓR
ȟi,d̄a,da

)
+ 2

3∑
a=1

A0

(
m2
ea

)
mea

(
ΓL
ȟi,ēa,ea

+ ΓR
ȟi,ēa,ea

)
+ 6

3∑
a=1

A0

(
m2
ua

)
mua

(
ΓL
ȟi,ūa,ua

+ ΓR
ȟi,ūa,ua

)
− 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 −

6∑
a=1

A0

(
m2
ν̃a

)
Γȟi,ν̃∗a ,ν̃a

+

6∑
a=1

A0

(
m2
χ̃0
a

)
mχ̃0

a

(
ΓL
ȟi,χ̃0

a,χ̃
0
a

+ ΓR
ȟi,χ̃0

a,χ̃
0
a

)
+

6∑
a=1

A0

(
m2
νa

)
mνa

(
ΓL
ȟi,νa,νa

+ ΓR
ȟi,νa,νa

)
(216)
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9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

A0
i

A0
j

A0
k

− 1

2

1√
2

(
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

))(
− Tλ + T ∗λ

)
(217)

A0
i

A0
j

hk

− i

4

(
ZA,∗i3

(√
2T ∗λ

(
ZA,∗j1 ZH,∗k2 + ZA,∗j2 ZH,∗k1

)
+ 4ZA,∗j3

(
g2
pQ

2
svsZ

H,∗
k3 + vd

(
g2
pQHdQs + |λ|2

)
ZH,∗k1 + vu

(
g2
pQHuQs + |λ|2

)
ZH,∗k2

)
+
√

2
(
ZA,∗j1 ZH,∗k2 + ZA,∗j2 ZH,∗k1

)
Tλ

)
+ ZA,∗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

+ 4vs

(
g2
pQHuQs + |λ|2

)
ZH,∗k3

)
+
√

2
(
ZA,∗j1 ZH,∗k3 + ZA,∗j3 ZH,∗k1

)(
T ∗λ + Tλ

))
+ ZA,∗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

+ 4vs

(
g2
pQHdQs + |λ|2

)
ZH,∗k3

)
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+
√

2
(
ZA,∗j2 ZH,∗k3 + ZA,∗j3 ZH,∗k2

)(
T ∗λ + Tλ

)))
(218)

A0
i

hj

hk

1

2

1√
2

(
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

))(
− Tλ + T ∗λ

)
(219)

A0
i

H−j

H+
k

1

4

(
vu

(
− 2|λ|2 + g2

2

)
ZA,∗i1

(
− Z+

j1Z
+
k2 + Z+

j2Z
+
k1

)
+ vd

(
− 2|λ|2 + g2
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ũ∗kγ

− i

4
δαγ

(√
2g2

2

3∑
a=1

ZD,∗ia ZUka

(
vdZ

+
j1 + vuZ

+
j2

)
− 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

85



+
√

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

))
(233)

ẽi
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2vd

3∑
c=1

3∑
b=1

ZE,∗ib

3∑
a=1

Y ∗e,acYe,abZ
V
kcZ

+
j1 +

√
2vsλ

3∑
b=1

3∑
a=1

Y ∗e,abZ
E,∗
i3+aZ

V
kbZ

+
j2

+ 2

3∑
b=1

3∑
a=1

ZE,∗ia Tν,abZ
V
k3+bZ

+
j2 +

√
2vd

3∑
c=1

ZE,∗i3+c

3∑
b=1

3∑
a=1

Y ∗e,caYν,abZ
V
k3+bZ

+
j2

+
√

2vu

3∑
c=1

3∑
b=1

ZE,∗ib

3∑
a=1

Y ∗ν,caYν,baZ
V
kcZ

+
j2

))
(234)
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9.2 Two Scalar-One Vector Boson-Interaction

A0
i

hj

Zµ

1

2

(
2gpQsZ

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

)
(235)

A0
i

hj

Z ′µ

1

2

(
2gpQsZ

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

)
(236)

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

)
(237)

A0
i

H+
j

W−µ

1

2
g2

(
ZA,∗i1 Z+

j1 + ZA,∗i2 Z+
j2

)(
− pH

+
j

µ + p
A0
i

µ

)
(238)

hi

H−j

W+
µ

i

2
g2

(
ZH,∗i1 Z+

j1 − Z
H,∗
i2 Z+

j2

)(
− pH

−
j

µ + phiµ

)
(239)

hi

H+
j

W−µ

− i

2
g2

(
ZH,∗i1 Z+

j1 − Z
H,∗
i2 Z+

j2

)(
− pH

+
j

µ + phiµ

)
(240)
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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

)
(241)

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

)
(242)

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

)
(243)
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d̃iα

d̃∗jβ

gγµ

− i

2
g3δijλ

γ
β,α

(
− pd̃

∗
jβ
µ + pd̃iαµ

)
(244)

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

)
(245)

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

)
(246)
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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

)
(247)

d̃iα

ũ∗jβ

W+
µ

− i 1√
2
g2δαβ

3∑
a=1

ZD,∗ia ZUja

(
− pũ

∗
jβ
µ + pd̃iαµ

)
(248)

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

)
(249)
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ẽi

ẽ∗j

Zµ

i

2

((
− 2gpQq 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

)
(250)

ẽi

ẽ∗j

Z ′µ

− i

2

((
2gpQq 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

)
(251)

ẽi

ν̃∗j

W+
µ
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− i 1√
2
g2

3∑
a=1

ZE,∗ia ZVja

(
− pν̃

∗
j
µ + pẽiµ

)
(252)

ũiα

ũ∗jβ

gγµ

− i

2
g3δijλ

γ
β,α

(
− pũ

∗
jβ
µ + pũiαµ

)
(253)

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

)
(254)

ũiα

d̃∗jβ

W−µ
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− i 1√
2
g2δαβ

3∑
a=1

ZU,∗ia ZDja

(
− pd̃

∗
jβ
µ + pũiαµ

)
(255)

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

)
(256)

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

)
(257)
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ν̃i

ν̃∗j

γµ

i

2

(
2g1 cos ΘW

3∑
a=1

ZV,∗i3+aZ
V
j3+a +

(
g1 cos ΘW − g2 sin ΘW

) 3∑
a=1

ZV,∗ia ZVja

)(
− pν̃

∗
j
µ + pν̃iµ

)
(258)

ν̃i

ẽ∗j

W−µ

− i 1√
2
g2

3∑
a=1

ZV,∗ia ZEja

(
− pẽ

∗
j
µ + pν̃iµ

)
(259)

ν̃i

ν̃∗j

Zµ

− i

2

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

) 3∑
a=1

ZV,∗ia ZVja

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

) 3∑
a=1

ZV,∗i3+aZ
V
j3+a

)(
− pν̃

∗
j
µ + pν̃iµ

)
(260)
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ν̃i

ν̃∗j

Z ′µ

− i

2

((
2gpQq cos Θ′W −

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

) 3∑
a=1

ZV,∗ia ZVja

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

) 3∑
a=1

ZV,∗i3+aZ
V
j3+a

)(
− pν̃

∗
j
µ + pν̃iµ

)
(261)

9.3 One Scalar-Two Vector Boson-Interaction

hi

W+
σ

W−µ

i

2
g2

2

(
vdZ

H,∗
i1 + vuZ

H,∗
i2

)(
gσµ

)
(262)

hi

Zσ

Zµ
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i

2

(
4g2
pQ

2
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

)
(263)

hi

Zσ

Z ′µ

− i

2

(
− 4g2

pQ
2
svsZ

H,∗
i3 cos Θ′W sin Θ′W

+ 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

)))(
gσµ

)
(264)

hi

Z ′σ

Z ′µ

i

2

(
4g2
pQ

2
svsZ

H,∗
i3 cos Θ′

2
W
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+ 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

)
(265)

H−i

W+
σ

γµ

− i

2
g1g2 cos ΘW

(
vdZ

+
i1 − vuZ

+
i2

)(
gσµ

)
(266)

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

)
(267)

H−i

W+
σ

Z ′µ
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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

)
(268)

H+
i

γσ

W−µ

− i

2
g1g2 cos ΘW

(
vdZ

+
i1 − vuZ

+
i2

)(
gσµ

)
(269)

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

)
(270)

H+
i

W−σ

Z ′µ
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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

)
(271)

9.4 Two Fermion-One Vector Boson-Interaction

χ̃0
i

χ̃−j

W+
µ

− i

2
g2

(
2U∗j1Ni3 +

√
2U∗j2Ni4

)(
γµ ·

1− γ5

2

)
(272)

+
(
i

1√
2
g2N

∗
i5Vj2 − ig2N

∗
i3Vj1

)(
γµ ·

1 + γ5

2

)
(273)

χ̃+
i

χ̃−j

γµ

i

2

(
2g2U

∗
j1 sin ΘWUi1 + U∗j2

(
g1 cos ΘW + g2 sin ΘW

)
Ui2

)(
γµ ·

1− γ5

2

)
(274)

+
i

2

(
2g2V

∗
i1 sin ΘWVj1 + V ∗i2

(
g1 cos ΘW + g2 sin ΘW

)
Vj2

)(
γµ ·

1 + γ5

2

)
(275)
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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

)
(276)

+
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

)
(277)

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

)
(278)

+ − 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

)
(279)
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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

+ 2gpQsN
∗
j6 sin Θ′WNi6

)(
γµ ·

1− γ5

2

)
(280)

+
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

+ 2gpQsN
∗
i6 sin Θ′WNj6

)(
γµ ·

1 + γ5

2

)
(281)

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

+ 2gpQsN
∗
j6 cos Θ′WNi6

)(
γµ ·

1− γ5

2

)
(282)

+
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

+ 2gpQsN
∗
i6 cos Θ′WNj6

)(
γµ ·

1 + γ5

2

)
(283)
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χ̃+
i

χ̃0
j

W−µ

− i

2
g2

(
2N∗j3Ui1 +

√
2N∗j4Ui2

)(
γµ ·

1− γ5

2

)
(284)

+
(
i

1√
2
g2V

∗
i2Nj5 − ig2V

∗
i1Nj3

)(
γµ ·

1 + γ5

2

)
(285)

d̄iα

djβ

gγµ

− i

2
g3δijλ

γ
α,β

(
γµ ·

1− γ5

2

)
(286)

+ − i
2
g3δijλ

γ
α,β

(
γµ ·

1 + γ5

2

)
(287)

d̄iα

djβ

γµ

− i

6
δαβδij

(
− 3g2 sin ΘW + g1 cos ΘW

)(
γµ ·

1− γ5

2

)
(288)

103



+
i

3
g1 cos ΘW δαβδij

(
γµ ·

1 + γ5

2

)
(289)

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

)
(290)

+ − i
3
δαβδij

(
− 3gpQd sin Θ′W + g1 cos Θ′W sin ΘW

)(
γµ ·

1 + γ5

2

)
(291)

d̄iα

djβ

Z ′µ

− i

6
δαβδij

((
3g2 cos ΘW + g1 sin ΘW

)
sin Θ′W + 6gpQq cos Θ′W

)(
γµ ·

1− γ5

2

)
(292)

+
i

3
δαβδij

(
3gpQd cos Θ′W + g1 sin ΘW sin Θ′W

)(
γµ ·

1 + γ5

2

)
(293)

ūiα

djβ

W+
µ
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− i 1√
2
g2δαβ

3∑
a=1

Ud,∗L,jaU
u
L,ia

(
γµ ·

1− γ5

2

)
(294)

νi

ej

W+
µ

− i 1√
2
g2

3∑
a=1

Ue,∗L,jaU
V
ia

(
γµ ·

1− γ5

2

)
(295)

ēi

ej

γµ

i

2
δij

(
g1 cos ΘW + g2 sin ΘW

)(
γµ ·

1− γ5

2

)
(296)

+ ig1 cos ΘW δij

(
γµ ·

1 + γ5

2

)
(297)

ēi

ej

Zµ
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i

2
δij

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

)(
γµ ·

1− γ5

2

)
(298)

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

)(
γµ ·

1 + γ5

2

)
(299)

ēi

ej

Z ′µ

− i

2
δij

(
2gpQq cos Θ′W +

(
− g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)(
γµ ·

1− γ5

2

)
(300)

+ iδij

(
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)
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(
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δαβδij

(
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2

)
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3
g1 cos ΘW δαβδij

(
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)
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2
g2δαβ

3∑
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6
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)
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+
i

3
δαβδij

(
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)
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δαβδij
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)
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)(
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)
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+
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)
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i

2

(
− 2g1 cos ΘW

3∑
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V
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)(
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)
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(
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3∑
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V
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νi

νj

Zµ
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2
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(
− g1 cos Θ′W sin ΘW + gpQv sin Θ′W
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V
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)(
γµ ·
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)
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+
i

2
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(
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V
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)(
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2

)
(314)
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νi
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− i

2
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(
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)
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) 3∑
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a=1

UV,∗j3+aU
V
i3+a

)(
γµ ·

1− γ5

2

)
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+
i

2
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ēi
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g̃α

g̃β

gγµ

− g3|φg̃|2fα,β,γ
(
γµ ·

1− γ5

2

)
(318)

+ −g3|φg̃|2fα,β,γ
(
γµ ·

1 + γ5

2

)
(319)

9.5 Two Fermion-One Scalar Boson-Interaction

χ̃+
i

χ̃−j

A0
k
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− g2U

∗
j1V

∗
i2Z

A,∗
k2 + U∗j2
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− g2V

∗
i1Z

A,∗
k1 + λV ∗i2Z

A,∗
k3
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)
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1√
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)
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(
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∗
i1N

∗
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∗
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∗
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√
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∗
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√
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∗
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)
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∗
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∗
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√
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∗
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∗
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∗
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∗
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∗
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∗
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√
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∗
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∗
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∗
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∗
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∗
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∗
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∗
i3N

∗
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+
√
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∗
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√
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∗
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)
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+
1

2

(
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(
2gpQsNi1Nj6 + 2gpQsNi6Nj1 +

√
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(
Ni4Nj5 +Ni5Nj4

))
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(
2gpQHdNj1 − g1Nj2 + g2Nj3

)
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+
√

2λ∗Ni6Nj5 +
√

2λ∗Ni5Nj6

)
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(
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)
+
(
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)
Nj5

+
√

2λ∗
(
Ni4Nj6 +Ni6Nj4

)))(1 + γ5

2

)
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d̄iα

djβ

A0
k

1√
2
ZA,∗k1 δαβ

3∑
b=1

Ud,∗L,jb

3∑
a=1

Ud,∗R,iaYd,ab

(1− γ5

2

)
(324)

+ − 1√
2
ZA,∗k1 δαβ

3∑
b=1

3∑
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Y ∗d,abU
d
R,jaU

d
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(1 + γ5

2

)
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ēi

ej
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k

1√
2
ZA,∗k1

3∑
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3∑
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Ue,∗R,iaYe,ab

(1− γ5

2

)
(326)
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2
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3∑
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e
R,jaU

e
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(1 + γ5
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)
(327)
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k
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2
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3∑
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(1− γ5
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)
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2
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3∑
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3∑
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u
R,jaU

u
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)
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1√
2
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b=1

UV,∗j3+b

3∑
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3∑
b=1

UV,∗i3+b

3∑
a=1
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)(1− γ5

2

)
(330)

+ − 1√
2
ZA,∗k2
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3∑
a=1

Y ∗ν,abU
V
jaU

V
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3∑
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Y ∗ν,abU
V
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V
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)(1 + γ5

2

)
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χ̃0
i

χ̃−j
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k

− i

2

(
2g2U

∗
j1N

∗
i4Z

+
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+ U∗j2

(
2λN∗i6Z

+
k2 + 2

√
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∗
i1Z

+
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√
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∗
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√
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∗
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+
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2

)
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2
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2g2Vj1Ni5 +

√
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(
2gpQHuNi1 + g1Ni2 + g2Ni3

))
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+
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)(1 + γ5

2

)
(333)

χ̃−i

ujβ

d̃∗kγ
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(
g2U

∗
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3∑
a=1

Uu,∗L,jaZ
D
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3∑
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Yd,abZ
D
k3+a

)(1− γ5

2

)
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3∑
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u
R,jaZ

D
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2

)
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νi

χ̃−j

ẽ∗k
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g2U

∗
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3∑
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3∑
b=1
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3∑
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Ye,abZ
E
k3+a

)(1− γ5

2

)
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+ i

3∑
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3∑
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E
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)
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i
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(
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∗
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∗
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H,∗
k3

))(1− γ5

2

)
(338)
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ũkγ
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iU∗j2δαγ
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+ −iδαγ
(
g2

3∑
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√
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√
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√
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√
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√
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√
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√
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√

2λ∗Ni6Nj5 −
√
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√
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√
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√
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3∑
b=1

Ud,∗L,jb

3∑
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3∑
b=1

3∑
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√
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√
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√
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Y ∗e,abU
e
R,jaZ

E
kbNi4

)(1 + γ5

2

)
(349)

χ̃0
i

ujβ
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√
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√
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3∑
b=1

Uu,∗L,jb

3∑
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√
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√
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√
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ūiα

χ̃0
j
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u
L,ibNj5 +

√
2

3∑
a=1

ZU,∗ka U
u
L,ia

(
3g2Nj3 + 6gpQqNj1 + g1Nj2

))(1 + γ5

2

)
(363)

g̃α

djβ

d̃∗kγ

− i 1√
2
g3φg̃λ

α
γ,β

3∑
a=1

Ud,∗L,jaZ
D
ka

(1− γ5

2

)
(364)

+ i
1√
2
g3φ
∗
g̃λ
α
γ,β

3∑
a=1

ZDk3+aU
d
R,ja

(1 + γ5

2

)
(365)
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d̄iα

djβ

hk

− i 1√
2
ZH,∗k1 δαβ

3∑
b=1

Ud,∗L,jb

3∑
a=1

Ud,∗R,iaYd,ab

(1− γ5

2

)
(366)

+ −i 1√
2
ZH,∗k1 δαβ

3∑
b=1

3∑
a=1

Y ∗d,abU
d
R,jaU

d
L,ib

(1 + γ5

2

)
(367)

χ̃+
i

djβ

ũ∗kγ

− iδβγ
(
g2V

∗
i1

3∑
a=1

Ud,∗L,jaZ
U
ka − V ∗i2

3∑
b=1

Ud,∗L,jb

3∑
a=1

Yu,abZ
U
k3+a

)(1− γ5

2

)
(368)

+ iδβγ

3∑
b=1

3∑
a=1

Y ∗d,abU
d
R,jaZ

U
kbUi2

(1 + γ5

2

)
(369)

ūiα

djβ

H+
k

121



iδαβ

3∑
b=1

Ud,∗L,jb

3∑
a=1

Uu,∗R,iaYu,abZ
+
k2

(1− γ5

2

)
(370)

+ iδαβ

3∑
b=1

3∑
a=1

Y ∗d,abU
d
R,jaU

u
L,ibZ

+
k1

(1 + γ5

2

)
(371)

νi

ej

H+
k

i

3∑
b=1

UV,∗i3+b

3∑
a=1

Ue,∗L,jaYν,abZ
+
k2

(1− γ5

2

)
(372)

+ i

3∑
b=1

3∑
a=1

Y ∗e,abU
e
R,jaU

V
ibZ

+
k1

(1 + γ5

2

)
(373)

ēi

ej

hk

− i 1√
2
ZH,∗k1

3∑
b=1

Ue,∗L,jb

3∑
a=1

Ue,∗R,iaYe,ab

(1− γ5

2

)
(374)

+ −i 1√
2
ZH,∗k1

3∑
b=1

3∑
a=1

Y ∗e,abU
e
R,jaU

e
L,ib

(1 + γ5

2

)
(375)
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χ̃+
i

ej

ν̃∗k

− i
(
g2V

∗
i1

3∑
a=1

Ue,∗L,jaZ
V
ka − V ∗i2

3∑
b=1

3∑
a=1

Ue,∗L,jaYν,abZ
V
k3+b

)(1− γ5

2

)
(376)

+ i

3∑
b=1

3∑
a=1

Y ∗e,abU
e
R,jaZ

V
kbUi2

(1 + γ5

2

)
(377)

g̃α

ujβ

ũ∗kγ

− i 1√
2
g3φg̃λ

α
γ,β

3∑
a=1

Uu,∗L,jaZ
U
ka

(1− γ5

2

)
(378)

+ i
1√
2
g3φ
∗
g̃λ
α
γ,β

3∑
a=1

ZUk3+aU
u
R,ja

(1 + γ5

2

)
(379)

ūiα

ujβ

hk
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− i 1√
2
ZH,∗k2 δαβ

3∑
b=1

Uu,∗L,jb

3∑
a=1

Uu,∗R,iaYu,ab

(1− γ5

2

)
(380)

+ −i 1√
2
ZH,∗k2 δαβ

3∑
b=1

3∑
a=1

Y ∗u,abU
u
R,jaU

u
L,ib

(1 + γ5

2

)
(381)

d̄iα

ujβ

H−k

iδαβ

3∑
b=1

Uu,∗L,jb

3∑
a=1

Ud,∗R,iaYd,abZ
+
k1

(1− γ5

2

)
(382)

+ iδαβ

3∑
b=1

3∑
a=1

Y ∗u,abU
u
R,jaU

d
L,ibZ

+
k2

(1 + γ5

2

)
(383)

νi

νj

hk

− i 1√
2
ZH,∗k2

( 3∑
b=1

UV,∗j3+b

3∑
a=1

UV,∗ia Yν,ab +

3∑
b=1

UV,∗i3+b

3∑
a=1

UV,∗ja Yν,ab

)(1− γ5

2

)
(384)

+ −i 1√
2
ZH,∗k2

( 3∑
b=1

3∑
a=1

Y ∗ν,abU
V
jaU

V
i3+b +

3∑
b=1

3∑
a=1

Y ∗ν,abU
V
iaU

V
j3+b

)(1 + γ5

2

)
(385)
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ēi

νj

H−k

i

3∑
b=1

UV,∗jb

3∑
a=1

Ue,∗R,iaYe,abZ
+
k1

(1− γ5

2

)
(386)

+ i

3∑
b=1

3∑
a=1

Y ∗ν,abU
e
L,iaU

V
j3+bZ

+
k2

(1 + γ5

2

)
(387)

χ̃+
i

νj

ẽk

iV ∗i2

3∑
b=1

UV,∗j3+b

3∑
a=1

ZE,∗ka Yν,ab

(1− γ5

2

)
(388)

+ −i
(
g2

3∑
a=1

ZE,∗ka UVjaUi1 −
3∑
b=1

3∑
a=1

Y ∗e,abZ
E,∗
k3+aU

V
jbUi2

)(1 + γ5

2

)
(389)

d̄iα

g̃β

d̃kγ
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i
1√
2
g3φg̃λ

β
α,γ

3∑
a=1

ZD,∗k3+aU
d,∗
R,ia

(1− γ5

2

)
(390)

+ −i 1√
2
g3φ
∗
g̃λ
β
α,γ

3∑
a=1

ZD,∗ka UdL,ia

(1 + γ5

2

)
(391)

ūiα

g̃β

ũkγ

i
1√
2
g3φg̃λ

β
α,γ

3∑
a=1

ZU,∗k3+aU
u,∗
R,ia

(1− γ5

2

)
(392)

+ −i 1√
2
g3φ
∗
g̃λ
β
α,γ

3∑
a=1

ZU,∗ka U
u
L,ia

(1 + γ5

2

)
(393)

χ̃+
i

ūjβ

d̃kγ

iV ∗i2δβγ

3∑
b=1

ZD,∗kb

3∑
a=1

Uu,∗R,jaYu,ab

(1− γ5

2

)
(394)

+ −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

)
(395)
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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

))
(396)

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

))
(397)

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

))
(398)
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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

))
(399)

9.7 Four Scalar-Interaction

A0
i

A0
l

A0
j

A0
k

− i

4

(
4ZA,∗i3

((
g2
pQHdQs + |λ|2

)
ZA,∗j1

(
ZA,∗k1 ZA,∗l3 + ZA,∗k3 ZA,∗l1

)
+
(
g2
pQHuQs + |λ|2

)
ZA,∗j2

(
ZA,∗k2 ZA,∗l3 + ZA,∗k3 ZA,∗l2

)
+ ZA,∗j3

(
3g2
pQ

2
sZ

A,∗
k3 ZA,∗l3 +

(
g2
pQHdQs + |λ|2

)
ZA,∗k1 ZA,∗l1 +

(
g2
pQHuQs + |λ|2

)
ZA,∗k2 ZA,∗l2

))
+ ZA,∗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

)
+ 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
pQHdQs + |λ|2

)
ZA,∗k3 ZA,∗l3

))
+ ZA,∗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

)
+ 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
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+ 4
(
g2
pQHuQs + |λ|2

)
ZA,∗k3 ZA,∗l3

)))
(400)

A0
i

hl

A0
j

hk

− i

4

(
4ZA,∗i3 ZA,∗j3

((
g2
pQHdQs + |λ|2

)
ZH,∗k1 ZH,∗l1 +

(
g2
pQHuQs + |λ|2

)
ZH,∗k2 ZH,∗l2 + g2

pQ
2
sZ

H,∗
k3 ZH,∗l3

)
+ ZA,∗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
pQHdQs + |λ|2

)
ZH,∗k3 ZH,∗l3

)
+ ZA,∗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
pQHuQs + |λ|2

)
ZH,∗k3 ZH,∗l3

))
(401)

A0
i

H+
l

A0
j

H−k

− i

4

(
4ZA,∗i3 ZA,∗j3

((
g2
pQHdQs + |λ|2

)
Z+
k1Z

+
l1 +

(
g2
pQHuQs + |λ|2

)
Z+
k2Z

+
l2

)
+ 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

)))
(402)
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A0
i

d̃∗lδ

A0
j

d̃kγ

i

12
δγδ

(
− 6ZA,∗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,∗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

))
+ 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
( 3∑
c=1

ZD,∗k3+c

3∑
b=1

3∑
a=1

Y ∗d,caYd,baZ
D
l3+b +

3∑
c=1

3∑
b=1

ZD,∗kb

3∑
a=1

Y ∗d,acYd,abZ
D
lc

))))
(403)

A0
i

ẽ∗l

A0
j

ẽk

− i

4

(
2ZA,∗i3

(
2g2
pQsZ

A,∗
j3

(
Qe

3∑
a=1

ZE,∗k3+aZ
E
l3+a +Qq

3∑
a=1

ZE,∗ka ZEla

)
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+ ZA,∗j2

(
λ

3∑
b=1

3∑
a=1

Y ∗e,abZ
E,∗
k3+aZ

E
lb + λ∗

3∑
b=1

ZE,∗kb

3∑
a=1

Ye,abZ
E
l3+a

))
+ ZA,∗i2

(
ZA,∗j2

(
2
(

2g2
pQeQHu + g2

1

) 3∑
a=1

ZE,∗k3+aZ
E
l3+a +

(
4g2
pQHuQq − g2

1 + g2
2

) 3∑
a=1

ZE,∗ka ZEla

)
+ 2ZA,∗j3

(
λ

3∑
b=1

3∑
a=1

Y ∗e,abZ
E,∗
k3+aZ

E
lb + λ∗

3∑
b=1

ZE,∗kb

3∑
a=1

Ye,abZ
E
l3+a

))
+ ZA,∗i1 ZA,∗j1

((
4g2
pQHdQq − g2

2 + g2
1

) 3∑
a=1

ZE,∗ka ZEla − 2
(
− 2g2

pQeQHd + g2
1

) 3∑
a=1

ZE,∗k3+aZ
E
l3+a

+ 4
( 3∑
c=1

ZE,∗k3+c

3∑
b=1

3∑
a=1

Y ∗e,caYe,baZ
E
l3+b +

3∑
c=1

3∑
b=1

ZE,∗kb

3∑
a=1

Y ∗e,acYe,abZ
E
lc

)))
(404)

A0
i

ũ∗lδ

A0
j

ũkγ

− i

12
δγδ

(
6ZA,∗i3

(
2g2
pQsZ

A,∗
j3

(
Qq

3∑
a=1

ZU,∗ka Z
U
la +Qu

3∑
a=1

ZU,∗k3+aZ
U
l3+a

)
+ ZA,∗j1

(
λ

3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
k3+aZ

U
lb + λ∗

3∑
b=1

ZU,∗kb

3∑
a=1

Yu,abZ
U
l3+a

))
+ ZA,∗i1

(
ZA,∗j1

((
12g2

pQHdQq + 3g2
2 − g2

1

) 3∑
a=1

ZU,∗ka Z
U
la + 4

(
3g2
pQHdQu + g2

1

) 3∑
a=1

ZU,∗k3+aZ
U
l3+a

)
+ 6ZA,∗j3

(
λ

3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
k3+aZ

U
lb + λ∗

3∑
b=1

ZU,∗kb

3∑
a=1

Yu,abZ
U
l3+a

))
+ ZA,∗i2 ZA,∗j2

((
12g2

pQHuQq − 3g2
2 + g2

1

) 3∑
a=1

ZU,∗ka Z
U
la

+ 4
(
−
(
− 3g2

pQHuQu + g2
1

) 3∑
a=1

ZU,∗k3+aZ
U
l3+a

+ 3
( 3∑
c=1

ZU,∗k3+c

3∑
b=1

3∑
a=1

Y ∗u,caYu,baZ
U
l3+b +

3∑
c=1

3∑
b=1

ZU,∗kb

3∑
a=1

Y ∗u,acYu,abZ
U
lc

))))
(405)
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A0
i

ν̃∗l

A0
j

ν̃k

− i

4

(
2ZA,∗i3

(
2g2
pQsZ

A,∗
j3

(
Qq

3∑
a=1

ZV,∗ka Z
V
la +Qv

3∑
a=1

ZV,∗k3+aZ
V
l3+a

)
+ ZA,∗j1

(
λ∗

3∑
b=1

3∑
a=1

ZV,∗ka Yν,abZ
V
l3+b + λ

3∑
b=1

ZV,∗k3+b

3∑
a=1

Y ∗ν,abZ
V
la

))
+ ZA,∗i1

(
ZA,∗j1

(
− 2
(
− 2g2

pQHdQv + g2
1

) 3∑
a=1

ZV,∗k3+aZ
V
l3+a +

(
4g2
pQHdQq + g2

1 + g2
2

) 3∑
a=1

ZV,∗ka Z
V
la

)
+ 2ZA,∗j3

(
λ∗

3∑
b=1

3∑
a=1

ZV,∗ka Yν,abZ
V
l3+b + λ

3∑
b=1

ZV,∗k3+b

3∑
a=1

Y ∗ν,abZ
V
la

))
+ ZA,∗i2 ZA,∗j2

(
−
(
− 4g2

pQHuQq + g2
1 + g2

2

) 3∑
a=1

ZV,∗ka Z
V
la + 2

(
2g2
pQHuQv + g2

1

) 3∑
a=1

ZV,∗k3+aZ
V
l3+a

+ 4
( 3∑
c=1

ZV,∗k3+c

3∑
b=1

3∑
a=1

Y ∗ν,acYν,abZ
V
l3+b +

3∑
c=1

3∑
b=1

ZV,∗kb

3∑
a=1

Y ∗ν,caYν,baZ
V
lc

)))
(406)

A0
i

H+
l

hj

H−k

1

4

(
− 2|λ|2 + g2

2

)(
ZA,∗i1 ZH,∗j2 + ZA,∗i2 ZH,∗j1

)(
− Z+

k1Z
+
l2 + Z+

k2Z
+
l1

)
(407)
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A0
i

d̃∗lδ

hj

d̃kγ

1

2

(
ZA,∗i2 ZH,∗j3 + ZA,∗i3 ZH,∗j2

)
δγδ

(
− 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
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ẽ∗l

hj

ẽk
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ũkγ

1

2

(
ZA,∗i1 ZH,∗j3 + ZA,∗i3 ZH,∗j1

)
δγδ

(
− λ

3∑
b=1

3∑
a=1

Y ∗u,abZ
U,∗
k3+aZ

U
lb + λ∗

3∑
b=1

ZU,∗kb

3∑
a=1

Yu,abZ
U
l3+a

)
(410)

133



A0
i

ν̃∗l

hj

ν̃k

− 1

2

(
ZA,∗i1 ZH,∗j3 + ZA,∗i3 ZH,∗j1

)(
− λ∗

3∑
b=1

3∑
a=1

ZV,∗ka Yν,abZ
V
l3+b + λ

3∑
b=1

ZV,∗k3+b

3∑
a=1

Y ∗ν,abZ
V
la

)
(411)

A0
i

d̃∗lδ

H−j
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ẽj

H+
k

− i

4

( 3∑
a=1

ZE,∗j3+aZ
E
l3+a

(
− 2
(
− 2g2

pQeQHd + g2
1

)
Z+
i1Z

+
k1 + 2

(
2g2
pQeQHu + g2

1

)
Z+
i2Z

+
k2

)
+

3∑
a=1

ZE,∗ja ZEla

((
4g2
pQHdQq + g2

1 + g2
2

)
Z+
i1Z

+
k1 −

(
− 4g2

pQHuQq + g2
1 + g2

2

)
Z+
i2Z

+
k2

)
+ 4
( 3∑
c=1

3∑
b=1

ZE,∗jb

3∑
a=1

Y ∗ν,caYν,baZ
E
lcZ

+
i2Z

+
k2 +

3∑
c=1

ZE,∗j3+c

3∑
b=1

3∑
a=1

Y ∗e,caYe,baZ
E
l3+bZ

+
i1Z

+
k1

))
(428)

H−i

ũ∗lδ
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Yu,abZ
U
l3+a

3∑
d=1

3∑
c=1

Y ∗u,cdZ
U,∗
j3+cZ

U
kd

+ 72

3∑
b=1

ZU,∗jb

3∑
a=1

Yu,abZ
U
k3+a

3∑
d=1

3∑
c=1

Y ∗u,cdZ
U,∗
i3+cZ

U
ld

)
+ δαγδβδ

(
18g2

3

3∑
a=1

ZU,∗ia ZUla

3∑
b=1

ZU,∗jb Z
U
kb − 18g2

3

3∑
a=1

ZU,∗i3+aZ
U
l3+a

3∑
b=1

ZU,∗jb Z
U
kb

+

3∑
a=1

ZU,∗ja Z
U
la

((
36g2

pQ
2
q − 6g2

3 + 9g2
2 + g2

1

) 3∑
b=1

ZU,∗ib ZUkb

+ 2
(

18g2
pQqQu − 2g2

1 + 3g2
3

) 3∑
b=1

ZU,∗i3+bZ
U
k3+b

)
+

3∑
a=1

ZU,∗j3+aZ
U
l3+a

(
2
(

18g2
pQ

2
u − 3g2

3 + 8g2
1

) 3∑
b=1

ZU,∗i3+bZ
U
k3+b +

(
36g2

pQqQu − 4g2
1 + 6g2

3

) 3∑
b=1

ZU,∗ib ZUkb

)
− 18g2

3

3∑
a=1

ZU,∗ia ZUla

3∑
b=1

ZU,∗j3+bZ
U
k3+b + 18g2

3

3∑
a=1

ZU,∗i3+aZ
U
l3+a

3∑
b=1

ZU,∗j3+bZ
U
k3+b

+ 18g2
3

3∑
a=1

ZU,∗ja Z
U
ka

3∑
b=1

ZU,∗ib ZUlb − 18g2
3

3∑
a=1

ZU,∗j3+aZ
U
k3+a

3∑
b=1

ZU,∗ib ZUlb
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+ g2
1

3∑
a=1

ZU,∗ia ZUka

3∑
b=1

ZU,∗jb Z
U
lb + 9g2

2

3∑
a=1

ZU,∗ia ZUka

3∑
b=1

ZU,∗jb Z
U
lb

− 6g2
3

3∑
a=1

ZU,∗ia ZUka

3∑
b=1

ZU,∗jb Z
U
lb + 36g2

pQ
2
q

3∑
a=1

ZU,∗ia ZUka

3∑
b=1

ZU,∗jb Z
U
lb

− 4g2
1

3∑
a=1

ZU,∗i3+aZ
U
k3+a

3∑
b=1

ZU,∗jb Z
U
lb + 6g2

3

3∑
a=1

ZU,∗i3+aZ
U
k3+a

3∑
b=1

ZU,∗jb Z
U
lb

+ 36g2
pQqQu

3∑
a=1

ZU,∗i3+aZ
U
k3+a

3∑
b=1

ZU,∗jb Z
U
lb − 18g2

3

3∑
a=1

ZU,∗ja Z
U
ka

3∑
b=1

ZU,∗i3+bZ
U
l3+b

+ 18g2
3

3∑
a=1

ZU,∗j3+aZ
U
k3+a

3∑
b=1

ZU,∗i3+bZ
U
l3+b − 4g2

1

3∑
a=1

ZU,∗ia ZUka

3∑
b=1

ZU,∗j3+bZ
U
l3+b

+ 6g2
3

3∑
a=1

ZU,∗ia ZUka

3∑
b=1

ZU,∗j3+bZ
U
l3+b + 36g2

pQqQu

3∑
a=1

ZU,∗ia ZUka

3∑
b=1

ZU,∗j3+bZ
U
l3+b

+ 16g2
1

3∑
a=1

ZU,∗i3+aZ
U
k3+a

3∑
b=1

ZU,∗j3+bZ
U
l3+b − 6g2

3

3∑
a=1

ZU,∗i3+aZ
U
k3+a

3∑
b=1

ZU,∗j3+bZ
U
l3+b

+ 36g2
pQ

2
u

3∑
a=1

ZU,∗i3+aZ
U
k3+a

3∑
b=1

ZU,∗j3+bZ
U
l3+b

+ 72

3∑
b=1

ZU,∗jb

3∑
a=1

Yu,abZ
U
l3+a

3∑
d=1

3∑
c=1

Y ∗u,cdZ
U,∗
i3+cZ

U
kd

+ 72

3∑
b=1

ZU,∗ib

3∑
a=1

Yu,abZ
U
k3+a

3∑
d=1

3∑
c=1

Y ∗u,cdZ
U,∗
j3+cZ

U
ld

))
(440)

ũiα

ν̃∗l

ν̃j

ũ∗kγ

i

24
δαγ

( 3∑
a=1

ZV,∗ja Z
V
la

((
− 3
(

4g2
pQqQq + g2

2

)
+ g2

1

) 3∑
b=1

ZU,∗ib ZUkb − 4
(

3g2
pQqQu + g2

1

) 3∑
b=1

ZU,∗i3+bZ
U
k3+b

)
− 2

3∑
a=1

ZV,∗j3+aZ
V
l3+a

(
2
(
− 2g2

1 + 3g2
pQuQv

) 3∑
b=1

ZU,∗i3+bZ
U
k3+b +

(
6g2
pQqQv + g2

1

) 3∑
b=1

ZU,∗ib ZUkb

)
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+ g2
1

3∑
a=1

ZU,∗ia ZUka

3∑
b=1

ZV,∗jb Z
V
lb − 3g2

2

3∑
a=1

ZU,∗ia ZUka

3∑
b=1

ZV,∗jb Z
V
lb

− 12g2
pQqQq

3∑
a=1

ZU,∗ia ZUka

3∑
b=1

ZV,∗jb Z
V
lb − 4g2

1

3∑
a=1

ZU,∗i3+aZ
U
k3+a

3∑
b=1

ZV,∗jb Z
V
lb

− 12g2
pQqQu

3∑
a=1

ZU,∗i3+aZ
U
k3+a

3∑
b=1

ZV,∗jb Z
V
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1

3∑
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ZU,∗ia ZUka

3∑
b=1

ZV,∗j3+bZ
V
l3+b

− 12g2
pQqQv

3∑
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ZU,∗ia ZUka

3∑
b=1

ZV,∗j3+bZ
V
l3+b + 8g2

1

3∑
a=1

ZU,∗i3+aZ
U
k3+a

3∑
b=1

ZV,∗j3+bZ
V
l3+b

− 12g2
pQuQv

3∑
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ZU,∗i3+aZ
U
k3+a

3∑
b=1

ZV,∗j3+bZ
V
l3+b
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3∑
b=1

ZU,∗ib

3∑
a=1

Yu,abZ
U
k3+a

3∑
d=1

ZV,∗j3+d

3∑
c=1

Y ∗ν,cdZ
V
lc

− 24

3∑
b=1

3∑
a=1

ZV,∗ja Yν,abZ
V
l3+b

3∑
d=1

3∑
c=1

Y ∗u,cdZ
U,∗
i3+cZ

U
kd

)
(441)

ν̃i

ν̃∗l

ν̃j

ν̃∗k

− i

8

(
g2

1

3∑
a=1

ZV,∗ia ZVla

3∑
b=1

ZV,∗jb Z
V
kb + g2

2

3∑
a=1

ZV,∗ia ZVla

3∑
b=1

ZV,∗jb Z
V
kb

+ 4g2
pQ

2
q

3∑
a=1

ZV,∗ia ZVla

3∑
b=1

ZV,∗jb Z
V
kb − 2g2

1

3∑
a=1
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V
l3+a

3∑
b=1
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V
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+ 4g2
pQqQv

3∑
a=1

ZV,∗i3+aZ
V
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3∑
b=1
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V
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+

3∑
a=1

ZV,∗ja Z
V
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(
− 2
(
− 2g2

pQqQv + g2
1

) 3∑
b=1

ZV,∗i3+bZ
V
k3+b +

(
4g2
pQ

2
q + g2

1 + g2
2

) 3∑
b=1

ZV,∗ib ZVkb

)
+

3∑
a=1

ZV,∗j3+aZ
V
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(
− 2
(
− 2g2

pQqQv + g2
1

) 3∑
b=1
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g2
pQ

2
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1

) 3∑
b=1

ZV,∗i3+bZ
V
k3+b

)
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− 2g2
1

3∑
a=1

ZV,∗ia ZVla

3∑
b=1

ZV,∗j3+bZ
V
k3+b + 4g2

pQqQv

3∑
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3∑
b=1

ZV,∗j3+bZ
V
k3+b

+ 4g2
1

3∑
a=1

ZV,∗i3+aZ
V
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3∑
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V
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2
v

3∑
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V
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3∑
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V
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1
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V
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3∑
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ZV,∗ib ZVlb + g2
2
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V
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3∑
b=1
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pQ

2
q

3∑
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V
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3∑
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1

3∑
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V
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3∑
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V
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3∑
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1

3∑
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3∑
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V
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2

3∑
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3∑
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V
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2
q

3∑
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3∑
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V
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1

3∑
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ZV,∗i3+aZ
V
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3∑
b=1
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V
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pQqQv

3∑
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V
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3∑
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V
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1

3∑
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V
ka

3∑
b=1
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V
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pQqQv

3∑
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V
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3∑
b=1

ZV,∗i3+bZ
V
l3+b
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1

3∑
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ZV,∗j3+aZ
V
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3∑
b=1

ZV,∗i3+bZ
V
l3+b + 4g2

pQ
2
v

3∑
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ZV,∗j3+aZ
V
k3+a

3∑
b=1

ZV,∗i3+bZ
V
l3+b

− 2g2
1

3∑
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ZV,∗ia ZVka

3∑
b=1

ZV,∗j3+bZ
V
l3+b + 4g2

pQqQv

3∑
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ZV,∗ia ZVka

3∑
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ZV,∗j3+bZ
V
l3+b

+ 4g2
1

3∑
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ZV,∗i3+aZ
V
k3+a

3∑
b=1

ZV,∗j3+bZ
V
l3+b + 4g2

pQ
2
v

3∑
a=1

ZV,∗i3+aZ
V
k3+a

3∑
b=1

ZV,∗j3+bZ
V
l3+b

+ 8

3∑
b=1

3∑
a=1

ZV,∗ja Yν,abZ
V
l3+b

3∑
d=1

ZV,∗i3+d

3∑
c=1

Y ∗ν,cdZ
V
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+ 8

3∑
b=1

3∑
a=1

ZV,∗ia Yν,abZ
V
l3+b

3∑
d=1

ZV,∗j3+d

3∑
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Y ∗ν,cdZ
V
kc

+ 8

3∑
b=1

3∑
a=1

ZV,∗ja Yν,abZ
V
k3+b

3∑
d=1

ZV,∗i3+d

3∑
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Y ∗ν,cdZ
V
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+ 8

3∑
b=1

3∑
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ZV,∗ia Yν,abZ
V
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3∑
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ZV,∗j3+d

3∑
c=1
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V
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)
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9.8 Two Scalar-Two Vector Boson-Interaction

A0
i

W−ν

A0
j

W+
µ

i

2
g2

2

(
ZA,∗i1 ZA,∗j1 + ZA,∗i2 ZA,∗j2

)(
gµν

)
(443)

A0
i

Zν

A0
j

Zµ

i

2

(
4g2
pQ

2
sZ

A,∗
i3 ZA,∗j3 sin Θ′

2
W

+ ZA,∗i1 ZA,∗j1

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

)2

+ ZA,∗i2 ZA,∗j2

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

)2)(
gµν

)
(444)

A0
i

Z ′ν

A0
j

Zµ
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− i

2

(
− 4g2

pQ
2
sZ

A,∗
i3 ZA,∗j3 cos Θ′W sin Θ′W

+ ZA,∗i1 ZA,∗j1

(
− 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

))
+ ZA,∗i2 ZA,∗j2

(
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

)))(
gµν

)
(445)

A0
i

Z ′ν

A0
j

Z ′µ

i

2

(
4g2
pQ

2
sZ

A,∗
i3 ZA,∗j3 cos Θ′

2
W

+ ZA,∗i1 ZA,∗j1

(
− 2gpQHd cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W
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+ ZA,∗i2 ZA,∗j2

(
2gpQHu cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2)(
gµν

)
(446)

A0
i

γν

H−j

W+
µ

− 1

2
g1g2 cos ΘW

(
ZA,∗i1 Z+

j1 + ZA,∗i2 Z+
j2

)(
gµν

)
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161



A0
i

Zν

H−j

W+
µ

1

2
g2

(
ZA,∗i1

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW

)
Z+
j1

+ ZA,∗i2

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

)
Z+
j2

)(
gµν

)
(448)

A0
i

Z ′ν

H−j

W+
µ

1

2
g2

(
ZA,∗i1

(
2gpQHd cos Θ′W − g1 sin ΘW sin Θ′W

)
Z+
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− ZA,∗i2

(
2gpQHu cos Θ′W + g1 sin ΘW sin Θ′W

)
Z+
j2

)(
gµν

)
(449)

A0
i

W−ν

H+
j
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1

2
g1g2 cos ΘW

(
ZA,∗i1 Z+

j1 + ZA,∗i2 Z+
j2

)(
gµν

)
(450)

162



A0
i

Zν

H+
j

W−µ

− 1

2
g2

(
ZA,∗i1

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW

)
Z+
j1

+ ZA,∗i2

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

)
Z+
j2

)(
gµν

)
(451)

A0
i

Z ′ν

H+
j

W−µ

1

2
g2

(
ZA,∗i1

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

)
Z+
j1

+ ZA,∗i2

(
2gpQHu cos Θ′W + g1 sin ΘW sin Θ′W

)
Z+
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)(
gµν

)
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µ

i

2
g2

2

(
ZH,∗i1 ZH,∗j1 + ZH,∗i2 ZH,∗j2

)(
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)
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hi

Zν

hj

Zµ

i

2

(
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pQ

2
sZ

H,∗
i3 ZH,∗j3 sin Θ′

2
W

+ ZH,∗i1 ZH,∗j1

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW + g2 cos ΘW cos Θ′W
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+ ZH,∗i2 ZH,∗j2

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

)2)(
gµν

)
(454)
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− i

2

(
− 4g2

pQ
2
sZ

H,∗
i3 ZH,∗j3 cos Θ′W sin Θ′W

+ ZH,∗i1 ZH,∗j1

(
− 2g1gpQHd cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W
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(
− 4g2

pQ
2
Hd
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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

))
+ ZH,∗i2 ZH,∗j2

(
2g1gpQHu cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
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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

)))(
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)
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2

(
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2
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H,∗
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2
W
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(
− 2gpQHd cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
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(
2gpQHu cos Θ′W +

(
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)
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)2)(
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)
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µ
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j1 − Z
H,∗
i2 Z+

j2

)(
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µ

i

2
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(
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W+
µ

i

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

)
Z+
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(
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)
Z+
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)(
gµν

)
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j
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− i

2
g1g2 cos ΘW

(
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)(
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)
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H+
j
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i

2
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(
ZH,∗i1

(
2gpQHd sin Θ′W + g1 cos Θ′W sin ΘW

)
Z+
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(
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Z+
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)(
gµν

)
(461)
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hi

Z ′ν

H+
j

W−µ

i

2
g2

(
ZH,∗i1

(
2gpQHd cos Θ′W − g1 sin ΘW sin Θ′W

)
Z+
j1

+ ZH,∗i2

(
2gpQHu cos Θ′W + g1 sin ΘW sin Θ′W

)
Z+
j2

)(
gµν

)
(462)

H−i

γν

H+
j

γµ

i

2

(
g1 cos ΘW + g2 sin ΘW

)2(
Z+
i1Z

+
j1 + Z+

i2Z
+
j2

)(
gµν

)
(463)

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

)
(464)
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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

)
(465)

H−i

W−ν

H+
j

W+
µ

i

2
g2

2

(
Z+
i1Z

+
j1 + Z+

i2Z
+
j2

)(
gµν

)
(466)

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

)
(467)
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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

)
(468)

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

)
(469)
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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

)
(470)

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

)
(471)

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

)
(472)
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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

)
(473)

d̃iα

gδν

ũ∗jβ

W+
µ

i
1√
2
g2g3λ

δ
β,α

3∑
a=1

ZD,∗ia ZUja

(
gµν

)
(474)

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

)
(475)
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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

)
(476)

d̃iα

Z ′ν

d̃∗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

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

)
(477)

d̃iα

γν

ũ∗jβ

W+
µ
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i

3

1√
2
g1g2 cos ΘW δαβ

3∑
a=1

ZD,∗ia ZUja

(
gµν

)
(478)

d̃iα

W−ν

d̃∗jβ

W+
µ

i

2
g2

2δαβ

3∑
a=1

ZD,∗ia ZDja

(
gµν

)
(479)

d̃iα

Zν

d̃∗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

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

)
(480)

d̃iα

Z ′ν

d̃∗jβ

Zµ
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− 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

)
(481)

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

)
(482)

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

)
(483)
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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

)
(484)

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

)
(485)

ẽi

Zν

ẽ∗j

γµ

− i

2

((
g1 cos ΘW + g2 sin ΘW

)(
2gpQq 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

)
(486)

175



ẽi

Z ′ν

ẽ∗j

γµ

i

2

((
g1 cos ΘW + g2 sin ΘW

)(
− 2gpQq 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

)
(487)

ẽi

γν

ν̃∗j

W+
µ

− i 1√
2
g1g2 cos ΘW

3∑
a=1

ZE,∗ia ZVja

(
gµν

)
(488)

ẽi

W−ν

ẽ∗j

W+
µ

i

2
g2

2

3∑
a=1

ZE,∗ia ZEja

(
gµν

)
(489)
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ẽi

Zν

ẽ∗j

Zµ

i

2

((
2gpQq 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

)
(490)

ẽi

Z ′ν

ẽ∗j

Zµ

− i

2

((
− 2g1gpQq cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
q + g2

1 sin Θ2
W

)
sin Θ′W + 2g1gpQq sin ΘW sin Θ′

2
W

+ 2g2 cos ΘW

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

2
W − gpQq 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

)
(491)
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ẽi

Zν

ν̃∗j

W+
µ

i
1√
2
g2

(
2gpQq sin Θ′W + g1 cos Θ′W sin ΘW

) 3∑
a=1

ZE,∗ia ZVja

(
gµν

)
(492)

ẽi

Z ′ν

ẽ∗j

Z ′µ

i

2

((
2gpQq 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

)
(493)

ẽi

Z ′ν

ν̃∗j

W+
µ

i
1√
2
g2

(
2gpQq cos Θ′W − g1 sin ΘW sin Θ′W

) 3∑
a=1

ZE,∗ia ZVja

(
gµν

)
(494)
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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

)
(495)

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

)
(496)

ũiα

W−ν

d̃∗jβ

gγµ

i
1√
2
g2g3λ

γ
β,α

3∑
a=1

ZU,∗ia ZDja

(
gµν

)
(497)
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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

)
(498)

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

+ 2
(

2g1 sin ΘW sin Θ′W − 3gpQu cos Θ′W

) 3∑
a=1

ZU,∗i3+aZ
U
j3+a

)(
gµν

)
(499)

ũiα

γν

ũ∗jβ

γµ
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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

)
(500)

ũiα

W−ν

d̃∗jβ

γµ

i

3

1√
2
g1g2 cos ΘW δαβ

3∑
a=1

ZU,∗ia ZDja

(
gµν

)
(501)

ũiα

Zν

ũ∗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

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

)
(502)

ũiα

Z ′ν

ũ∗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

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

)
(503)

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

)
(504)

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

)
(505)

ũiα

W−ν

ũ∗jβ

W+
µ
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i

2
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a=1

ZU,∗ia ZUja

(
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)
(506)

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

)
(507)

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
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− 2
(
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(
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ΘW + Θ′W

)
+ 6g1gpQu sin 2Θ′W + ΘW
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)(
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)
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183



ũiα

Z ′ν

ũ∗jβ

Z ′µ

i
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δαβ
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− 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
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U
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)(
gµν

)
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ν̃i

γν
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i

2

(
4g2

1 cos Θ2
W

3∑
a=1
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V
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(
g1 cos ΘW − g2 sin ΘW

)2 3∑
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)(
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)
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ν̃i
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ẽ∗j
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g1g2 cos ΘW
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a=1
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(
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)
(511)
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ν̃i

Zν
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− i

2

((
g1 cos ΘW − g2 sin ΘW

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

) 3∑
a=1
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+ 4g1 cos ΘW

(
g1 cos Θ′W sin ΘW − gpQv sin Θ′W

) 3∑
a=1
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)(
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)
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ν̃i

Z ′ν

ν̃∗j
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i

2

((
g1 cos ΘW − g2 sin ΘW

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

)
sin Θ′W

) 3∑
a=1
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+ 4g1 cos ΘW

(
g1 sin ΘW sin Θ′W + gpQv cos Θ′W

) 3∑
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ZV,∗i3+aZ
V
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)(
gµν

)
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ν̃i

Zν
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i
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2
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(
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a=1

ZV,∗ia ZEja

(
gµν

)
(514)

ν̃i

Z ′ν

ẽ∗j

W−µ

i
1√
2
g2

(
2gpQq cos Θ′W − g1 sin ΘW sin Θ′W

) 3∑
a=1

ZV,∗ia ZEja

(
gµν

)
(515)

ν̃i

W−ν

ν̃∗j

W+
µ

i

2
g2

2

3∑
a=1

ZV,∗ia ZVja

(
gµν

)
(516)

ν̃i

Zν

ν̃∗j

Zµ
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i

2

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

)2 3∑
a=1

ZV,∗ia ZVja

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

)2 3∑
a=1

ZV,∗i3+aZ
V
j3+a

)(
gµν

)
(517)

ν̃i

Z ′ν

ν̃∗j

Zµ

− i

2

((
− 2g1gpQq cos Θ′

2
W sin ΘW + g2

2 cos Θ2
W cos Θ′W sin Θ′W

+ cos Θ′W

(
− 4g2

pQ
2
q + g2

1 sin Θ2
W

)
sin Θ′W + 2g1gpQq sin ΘW sin Θ′

2
W

+ 2g2 cos ΘW

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

2
W + gpQq sin Θ′

2
W

)) 3∑
a=1

ZV,∗ia ZVja

+ 4
(
g1gpQv cos Θ′

2
W sin ΘW + cos Θ′W

(
g2

1 sin Θ2
W − g2

pQ
2
v

)
sin Θ′W

− g1gpQv sin ΘW sin Θ′
2
W

) 3∑
a=1

ZV,∗i3+aZ
V
j3+a

)(
gµν

)
(518)

ν̃i

Z ′ν

ν̃∗j

Z ′µ

i

2

((
− 2gpQq cos Θ′W +

(
g1 sin ΘW + g2 cos ΘW

)
sin Θ′W

)2 3∑
a=1

ZV,∗ia ZVja

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

)2 3∑
a=1

ZV,∗i3+aZ
V
j3+a

)(
gµν

)
(519)
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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

)
(520)

+ ig2
3

(
−

8∑
a=1

fα,β,afγ,δ,a +

8∑
a=1

fα,δ,afβ,γ,a

)(
gρµgσν

)
(521)

+ ig2
3

( 8∑
a=1

fα,γ,afβ,δ,a +

8∑
a=1

fα,β,afγ,δ,a

)(
gρνgσµ

)
(522)

W+
ρ

W−ν

γσ

γµ

ig2
2 sin Θ2

W

(
gρσgµν

)
(523)

+ ig2
2 sin Θ2

W

(
gρµgσν

)
(524)

+ −2ig2
2 sin Θ2

W

(
gρνgσµ

)
(525)
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W+
ρ

Zν

γσ

W−µ

ig2
2 cos ΘW cos Θ′W sin ΘW

(
gρσgµν

)
(526)

+ −ig2
2 cos Θ′W sin 2ΘW

(
gρµgσν

)
(527)

+ ig2
2 cos ΘW cos Θ′W sin ΘW

(
gρνgσµ

)
(528)

W+
ρ

Z ′ν

γσ

W−µ

− ig2
2 cos ΘW sin ΘW sin Θ′W

(
gρσgµν

)
(529)

+ ig2
2 sin 2ΘW sin Θ′W

(
gρµgσν

)
(530)

+ −ig2
2 cos ΘW sin ΘW sin Θ′W

(
gρνgσµ

)
(531)

W+
ρ

W−ν

W+
σ

W−µ
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2ig2
2

(
gρσgµν

)
(532)

+ −ig2
2

(
gρµgσν

)
(533)

+ −ig2
2

(
gρνgσµ

)
(534)

W+
ρ

Zν

W−σ

Zµ

− 2ig2
2 cos Θ2

W cos Θ′
2
W

(
gρσgµν

)
(535)

+ ig2
2 cos Θ2

W cos Θ′
2
W

(
gρµgσν

)
(536)

+ ig2
2 cos Θ2

W cos Θ′
2
W

(
gρνgσµ

)
(537)

W+
ρ

Z ′ν

W−σ

Zµ

ig2
2 cos Θ2

W sin 2Θ′W

(
gρσgµν

)
(538)

+ −ig2
2 cos Θ2

W cos Θ′W sin Θ′W

(
gρµgσν

)
(539)

+ −ig2
2 cos Θ2

W cos Θ′W sin Θ′W

(
gρνgσµ

)
(540)
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W+
ρ

Z ′ν

W−σ

Z ′µ

− 2ig2
2 cos Θ2

W sin Θ′
2
W

(
gρσgµν

)
(541)

+ ig2
2 cos Θ2

W sin Θ′
2
W

(
gρµgσν

)
(542)

+ ig2
2 cos Θ2

W sin Θ′
2
W

(
gρνgσµ

)
(543)

9.10 Two Ghosts-One Vector Boson-Interaction

η̄Gα

ηGβ

gγµ

g3fα,β,γ

(
p
ηGβ
µ

)
(544)

η̄−

ηγ

W−µ

ig2 sin ΘW

(
pη

γ

µ

)
(545)
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η̄+

ηγ

W+
µ

− ig2 sin ΘW

(
pη

γ

µ

)
(546)

η̄−

η−

γµ

− ig2 sin ΘW

(
pη
−

µ

)
(547)

η̄−

η−

Zµ

− ig2 cos ΘW cos Θ′W

(
pη
−

µ

)
(548)
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η̄−

η−

Z ′µ

ig2 cos ΘW sin Θ′W

(
pη
−

µ

)
(549)

η̄γ

η−

W+
µ

ig2 sin ΘW

(
pη
−

µ

)
(550)

η̄Z

η−

W+
µ

ig2 cos ΘW cos Θ′W

(
pη
−

µ

)
(551)
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¯ηZ′

η−

W+
µ

− ig2 cos ΘW sin Θ′W

(
pη
−

µ

)
(552)

η̄+

η+

γµ

ig2 sin ΘW

(
pη

+

µ

)
(553)

η̄γ

η+

W−µ

− ig2 sin ΘW

(
pη

+

µ

)
(554)
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η̄Z

η+

W−µ

− ig2 cos ΘW cos Θ′W

(
pη

+

µ

)
(555)

¯ηZ′

η+

W−µ

ig2 cos ΘW sin Θ′W

(
pη

+

µ

)
(556)

η̄+

η+

Zµ

ig2 cos ΘW cos Θ′W

(
pη

+

µ

)
(557)
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η̄+

η+

Z ′µ

− ig2 cos ΘW sin Θ′W

(
pη

+

µ

)
(558)

η̄−

ηZ

W−µ

ig2 cos ΘW cos Θ′W

(
pη

Z

µ

)
(559)

η̄+

ηZ

W+
µ

− ig2 cos ΘW cos Θ′W

(
pη

Z

µ

)
(560)
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η̄−

ηZ
′

W−µ

− ig2 cos ΘW sin Θ′W

(
pη

Z′

µ

)
(561)

η̄+

ηZ
′

W+
µ

ig2 cos ΘW sin Θ′W

(
pη

Z′

µ

)
(562)

9.11 Two Ghosts-One Scalar-Interaction

η̄−

η−

A0
k

1

4
g2

2

(
vdZ

A,∗
k1 − vuZ

A,∗
k2

)
ξW− (563)
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η̄+

η+

A0
k

1

4
g2

2

(
− vdZA,∗k1 + vuZ

A,∗
k2

)
ξW− (564)

η̄−

ηγ

H−k

i

4
g2ξW−

(
g1 cos ΘW + g2 sin ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(565)

η̄+

ηγ

H+
k

i

4
g2ξW−

(
g1 cos ΘW + g2 sin ΘW

)(
vdZ

+
k1 − vuZ

+
k2

)
(566)
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η̄−

η−

hk

− i

4
g2

2

(
vdZ

H,∗
k1 + vuZ

H,∗
k2

)
ξW− (567)

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

)
(568)

¯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

)
(569)
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η̄+

η+

hk

− i

4
g2

2

(
vdZ

H,∗
k1 + vuZ

H,∗
k2

)
ξW− (570)

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

)
(571)

¯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

)
(572)
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η̄Z

ηZ

hk

− i

4
ξZ

(
4g2
pQ

2
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)
(573)

¯ηZ′

ηZ

hk

i

4
ξZ′
(
− 4g2

pQ
2
svsZ

H,∗
k3 cos Θ′W sin Θ′W

+ 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

)))
(574)
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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

)
(575)

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

)
(576)

η̄Z

ηZ
′

hk

i

4
ξZ

(
− 4g2

pQ
2
svsZ

H,∗
k3 cos Θ′W sin Θ′W
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+ 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

)))
(577)

¯ηZ′

ηZ
′

hk

− i

4
ξZ′
(

4g2
pQ

2
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)
(578)

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

)
(579)
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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

)
(580)

10 Clebsch-Gordan Coefficients
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