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[FF] 2 Charginos

C
468

(
χ̃+c1, χ̃−c2

)
=

i
2



−δZχ̃− ,L
c1,c2 − δZχ̃− ,L

c1,c2

δZχ̃− ,R
c1,c2 + δZχ̃− ,R

c1,c2

−mχ̃−c2
δZχ̃− ,R

c1,c2 − 2δmχ̃−

c1,c2 −mχ̃−c1
δZχ̃− ,L

c1,c2

−mχ̃−c2
δZχ̃− ,L

c1,c2 − 2δmχ̃−∗
c2,c1 −mχ̃−c1

δZχ̃− ,R
c1,c2



[FF] 2 Gluinos

C
489
(g̃, g̃) =

1
2

iδg1,g2



−δZL
g̃ − δZL

g̃

δZR
g̃ + δZR

g̃

−2
(
δmg̃

)
−mg̃

(
δZR

g̃ + δZL
g̃

)
−2δm∗g̃ −mg̃

(
δZL

g̃ + δZR
g̃

)



[FF] 2 Leptons

C
443

(
νg1,νg2

)
=

1
2

iδg1,g2



−δZν,L
g1,g1 − δZν,L

g1,g1

δZν,R
g1,g1 + δZν,R

g1,g1

0

0


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C
444

(
eg1, eg2

)
=

1
2

iδg1,g2



−δZe,L
g1,g1 − δZe,L

g1,g1

δZe,R
g1,g1 + δZe,R

g1,g1

−2δmeg
g1 −meg1

(
δZe,R

g1,g1 + δZe,L
g1,g1

)
−2δmeg

g1 −meg1

(
δZe,L

g1,g1 + δZe,R
g1,g1

)



[FF] 2 Neutralinos

C
469

(
χ̃0

n1, χ̃0
n2

)
=

i
2



−δZχ̃0 ,L
n1,n2 − δZχ̃0 ,L

n1,n2

δZχ̃0 ,R
n1,n2 + δZχ̃0 ,R

n1,n2

−mχ̃0
n2
δZχ̃0 ,R

n1,n2 − 2δmχ̃0

n1,n2 −mχ̃0
n1
δZχ̃0 ,L

n1,n2

−mχ̃0
n2
δZχ̃0 ,L

n1,n2 − 2δmχ̃0∗
n2,n1 −mχ̃0

n1
δZχ̃0 ,R

n1,n2



[FF] 2 Quarks

C
445

(
ug1, ug2

)
=

i
2



−δZu,L
g2,g1 − δZu,L

g1,g2

δZu,R
g2,g1 + δZu,R

g1,g2

−mug2δZu,R
g1,g2 − 2δg1,g2δmug

g1 −mug1δZu,L
g1,g2

−mug2δZu,L
g1,g2 − 2δg1,g2δmug

g1 −mug1δZu,R
g1,g2


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C
446

(
dg1, dg2

)
=

i
2



−δZd,L
g2,g1 − δZd,L

g1,g2

δZd,R
g2,g1 + δZd,R

g1,g2

−mdg2δZd,R
g1,g2 − 2δg1,g2δmdg

g1 −mdg1δZd,L
g1,g2

−mdg2δZd,L
g1,g2 − 2δg1,g2δmdg

g1 −mdg1δZd,R
g1,g2



[SS] 2 Higgs

C
472

(
h0, h0

)
= −i

 δZhh

(δZhh) Mtree2
h0 + δM2

hh



C
473

(
h0, H0

)
= −i


δZhH

1
2

(
(δZhH)

(
Mtree2

h0 + Mtree2
H0

)
+ 2δM2

hH

)


C
474

(
h0, A0

)
= −i


δZhA

1
2

(
(δZhA)

(
Mtree2

A0 + Mtree2
h0

)
+ 2δM2

hA

)


C
475

(
h0, G0

)
= −i


δZhG

1
2

(
(δZhG) Mtree2

h0 + 2δM2
hG

)


C
476

(
H0, H0

)
= −i

 δZHH

(δZHH) Mtree2
H0 + δM2

HH



C
477

(
H0, A0

)
= −i


δZHA

1
2

(
(δZHA)

(
Mtree2

A0 + Mtree2
H0

)
+ 2δM2

HA

)

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C
478

(
H0, G0

)
= −i


δZHG

1
2

(
(δZHG) Mtree2

H0 + 2δM2
HG

)


C
479

(
A0, A0

)
= −i

 δZAA

(δZAA) Mtree2
A0 + δM2

AA



C
480

(
A0, G0

)
= −i


δZAG

1
2

(
(δZAG) Mtree2

A0 + 2δM2
AG

)


C
481

(
G0, G0

)
= −i

 δZGG

δM2
GG



C
482

(
H−, H+

)
= − i

2

 δZH−H− + δZH−H−

(
δZH−H− + δZH−H−

)
Mtree2

H− + 2δM2
H−H−



C
483

(
H−, G+

)
= −i


δZG−H−

1
2

(
(δZH−G−) Mtree2

H− + 2δM2
G−H−

)


C
484

(
G−, H+

)
= −i


δZH−G−

1
2

(
(δZG−H−) Mtree2

H− + 2δM2
H−G−

)


C
485

(
G−, G+

)
= −i

 δZG−G−

δM2
G−G−


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[SS] 2 Sleptons

C
470

(
ν̃
†
g1, ν̃g2

)
= −1

2
iδg1,g2

 δZν̃
1,1 + δZν̃

1,1

2δMν̃
1,1 + m2

ν̃g1

(
δZν̃

1,1 + δZν̃
1,1

)


C
471

(
ẽs1,†

g1 , ẽs2
g2

)
= −1

2
iδg1,g2


δZẽg2

s2,s1 + δZ
ẽg1
s1,s2

m2
ẽs2

g2
δZẽg2

s2,s1 + 2δM
ẽg1
s1,s2 + m2

ẽs1
g1
δZ

ẽg1
s1,s2



[SS] 2 Squarks

C
486

(
ũs1,†

g1 , ũs2
g2

)
= −1

2
iδg1,g2


δZũg2

s2,s1 + δZ
ũg1
s1,s2

m2
ũs2

g2
δZũg2

s2,s1 + 2δM
ũg1
s1,s2 + m2

ũs1
g1
δZ

ũg1
s1,s2



C
487

(
d̃s1,†

g1 , d̃s2
g2

)
= −1

2
iδg1,g2


δZd̃g2

s2,s1 + δZ
d̃g1
s1,s2

m2
d̃s2

g2
δZd̃g2

s2,s1 + 2δM
d̃g1
s1,s2 + m2

d̃s1
g1
δZ

d̃g1
s1,s2



[SV] Higgs – Gauge Boson

C
426

(
A0, Z

)
= −MZ (δZAG)

 1

0



C
427

(
G0, Z

)
= −MZ

2

(
δM2

Z

M2
Z

+ δZZZ + δZGG

)  1

0



C
428

(
G0,γ

)
= −1

2
MZ (δZZγ)

 1

0


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C
429

(
H−, W+

)
= iMW (δZG−H−)

 1

0



C
430

(
H+, W−

)
= −iMW (δZH−G−)

 1

0



C
431

(
G−, W+

)
=

(
1
2

iMW

)(
δM2

W

M2
W

+ δZW + δZG−G−

)  1

0



C
432

(
G+, W−

)
= −

(
1
2

iMW

)(
δM2

W

M2
W

+ δZW + δZG−G−

)  1

0



[UU] 2 Ghosts

C
437
(uγ , uγ) = i

(
1
2
(δZγγ)− δUγγ

)  1

0



C
438
(uZ, uZ) = −i


−
(

1
2
(δZZZ)

)
+ δUZZ

ξZ

2

((
2 (δUZZ)− δZG0

)
M2

Z + δM2
Z

)


C
439
(uZ, uγ) = i

(
1
2
(δZγZ)− δUγZ

)  1

0



C
440
(uγ , uZ) = −i

 −
(

1
2
(δZZγ)

)
+ δUZγ

ξZ (δUZγ) M2
Z


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C
441
(u−, u−) = −i


−
(

1
2
(δZW)

)
+ δUW

ξW

2

(
(2 (δUW)− δZG) M2

W + δM2
W

)


C
442
(u+, u+) = −i


−
(

1
2
(δZW)

)
+ δUW

ξW

2

(
(2 (δUW)− δZG) M2

W + δM2
W

)


[VV] 2 Gauge Bosons

C
433

(
W+, W−

)
= i



δZW

(δZW) M2
W + δM2

W

−δZW



C
434
(Z, Z) = i



δZZZ

(δZZZ) M2
Z + δM2

Z

−δZZZ



C
435
(γ,γ) = i (δZγγ)



1

0

−1



C
436
(γ, Z) =

i
2



δZZγ + δZγZ

(δZZγ) M2
Z

− (δZZγ)− δZγZ


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[VV] 2 Gluons

C
488
(g, g) = iδg1,g2

(
δZgg

)


1

0

−1



[FFS] Chargino – Lepton – Slepton

C
269

(
χ̃−c1, eg2, ν̃g3

)
=

ieδg2,g3

2s2
W


1√

2c2
βM3

W

Vc1,1

(
2 (δsW)− sW

(
2 (δZe) + δZe,L

g2,g2 + δZν̃
1,1

))
− sW

(
V1,1δZχ̃− ,R

1,c1 + V2,1δZχ̃− ,R
2,c1

)


1 =

cβmeg3 sWM2
W

(
δZχ̃− ,L

1,c1 U∗1,2 + δZχ̃− ,L
2,c1 U∗2,2

)
+2cβsWδmeg

g3M2
W −

 cβ
(

sWδM2
W + 2 (δsW) M2

W

)
+

sW

(
2 (δcβ)− cβ

(
2 (δZe) + δZe,R

g2,g2 + δZν̃
1,1

))
M2

W

meg3

U∗c1,2

C
270

(
χ̃+c1,νg2, ẽs3

g3

)
= −

ie( 2 )δg2,g3

4c2
βM3

Ws2
W

 0

1


2 =

2
(

sW

(
U1,1δZχ̃− ,L

c1,1 + U2,1δZχ̃− ,L
c1,2

)
−Uc1,1

(
2 (δsW)− sW

(
2 (δZe) + δZν,L

g2,g2

)))
c2
βM3

WU ẽg2∗
s3,1 −

√
2( 1 )U ẽg2∗

s3,2 +

cβsWM2
W

(
2cβMWUc1,1

(
δZẽg3

1,s3U ẽg2∗
1,1 + δZẽg3

2,s3U ẽg2∗
2,1

)
−
√

2meg2Uc1,2

(
δZẽg3

1,s3U ẽg2∗
1,2 + δZẽg3

2,s3U ẽg2∗
2,2

))

1 = Uc1,2

2cβsWM2
Wδmeg

g2 −meg2

 sW

(
2 (δcβ)− cβ

(
2 (δZe) + δZν,L

g2,g2

))
M2

W +

cβ
(

sWδM2
W + 2 (δsW) M2

W

)
+ cβsWmeg2 M2

W

(
U1,2δZχ̃− ,L

c1,1 + U2,2δZχ̃− ,L
c1,2

)

C
273

(
eg1, χ̃+c2, ν̃†g3

)
=

ieδg1,g3

2s2
W


−sW

(
V∗1,1δZχ̃− ,R

c2,1 + V∗2,1δZχ̃− ,R
c2,2

)
+ V∗c2,1

(
2 (δsW)− sW

(
2 (δZe) + δZν̃

1,1 + δZe,L
g1,g1

))
1√

2c2
βM3

W


9



1 =

cβmeg3 sW

(
U1,2δZχ̃− ,L

c2,1 + U2,2δZχ̃− ,L
c2,2

)
M2

W +

Uc2,2

2cβsWδmeg
g3M2

W −

 cβ
(

sWδM2
W + 2 (δsW) M2

W

)
+

sW

(
2 (δcβ)− cβ

(
2 (δZe) + δZν̃

1,1 + δZe,R
g1,g1

))
M2

W

meg3



C
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(
νg1, χ̃−c2, ẽs3,†

g3

)
= −

ie( 2 )δg1,g3

4c2
βM3

Ws2
W

 1

0


2 =

2c2
βM3

WU∗c2,1

(
sW

(
δZẽg3

1,s3U
ẽg1
1,1 + δZẽg3

2,s3U
ẽg1
2,1

)
−
(

2 (δsW)− sW

(
2 (δZe) + δZν,L

g1,g1

))
U

ẽg1
s3,1

)
−
√

2( 1 )U∗c2,2 +

cβsWM2
W

(
2cβMW

(
δZχ̃− ,L

1,c2 U∗1,1 + δZχ̃− ,L
2,c2 U∗2,1

)
U

ẽg1
s3,1 −

√
2meg1

(
δZχ̃− ,L

1,c2 U∗1,2 + δZχ̃− ,L
2,c2 U∗2,2

)
U

ẽg1
s3,2

)

1 =

cβmeg1 sWM2
W

(
δZẽg3

1,s3U
ẽg1
1,2 + δZẽg3

2,s3U
ẽg1
2,2

)
+2cβsWδmeg

g1M2
W −

 cβ
(

sWδM2
W + 2 (δsW) M2

W

)
+

sW

(
2 (δcβ)− cβ

(
2 (δZe) + δZν,L

g1,g1

))
M2

W

meg1

U
ẽg1
s3,2

[FFS] Chargino – Neutralino – Higgs
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(
χ̃0

n1, χ̃+c2, H−
)
= − ie

s2
W



1
4c3

W

( 2 )c2
W +
√

2

 ( 1 )c2
W +(

sβ (δZG−H−) c2
W + cβ

(
2sW (δsW) + (2 (δZe) + δZH−H−) c2

W

))
s2

WZ∗n1,1

V∗c2,2



−1
2

 sβ

(
( 3 )sW +

(√
2Uc2,2

(
Zn1,1s3

W

c3
W

− Zn1,2

)
+ 2Uc2,1Zn1,3

)
(δsW)

)
−

cβsW

(
Uc2,2√

2

(
sWZn1,1

cW
+ Zn1,2

)
−Uc2,1Zn1,3

)
(δZG−H−)





3 =

(
U1,2√

2

(
sWZn1,1

cW
+ Zn1,2

)
−U1,1Zn1,3

)
δZχ̃− ,L

c2,1 +

(
U2,2√

2

(
sWZn1,1

cW
+ Zn1,2

)
−U2,1Zn1,3

)
δZχ̃− ,L

c2,2 +

(2 (δZe) + δZH−H−)

(
Uc2,2√

2

(
sWZn1,1

cW
+ Zn1,2

)
−Uc2,1Zn1,3

)
+(

Uc2,2√
2

(
sWZ1,1

cW
+ Z1,2

)
−Uc2,1Z1,3

)
δZχ̃0 ,R

1,n1 +

(
Uc2,2√

2

(
sWZ2,1

cW
+ Z2,2

)
−Uc2,1Z2,3

)
δZχ̃0 ,R

2,n1 +(
Uc2,2√

2

(
sWZ3,1

cW
+ Z3,2

)
−Uc2,1Z3,3

)
δZχ̃0 ,R

3,n1 +

(
Uc2,2√

2

(
sWZ4,1

cW
+ Z4,2

)
−Uc2,1Z4,3

)
δZχ̃0 ,R

4,n1

10



2 =

 δZχ̃− ,R
c2,1

(√
2V∗1,2

(
sWZ∗n1,1 + cWZ∗n1,2

)
+ 2cWV∗1,1Z∗n1,4

)
+

δZχ̃− ,R
c2,2

(√
2V∗2,2

(
sWZ∗n1,1 + cWZ∗n1,2

)
+ 2cWV∗2,1Z∗n1,4

)
 cβsW +

2

 ((δZG−H−) sWsβ − cβ (2 (δsW)− (2 (δZe) + δZH−H−) sW)) Z∗n1,4 +

cβsW

(
δZχ̃0 ,L

1,n1 Z∗1,4 + δZχ̃0 ,L
2,n1 Z∗2,4 + δZχ̃0 ,L

3,n1 Z∗3,4 + δZχ̃0 ,L
4,n1 Z∗4,4

)
 cWV∗c2,1

1 =

cW ((δZG−H−) sWsβ − cβ (2 (δsW)− (2 (δZe) + δZH−H−) sW)) Z∗n1,2 + δZχ̃0 ,L
1,n1

(
sWZ∗1,1 + cWZ∗1,2

)
+ δZχ̃0 ,L

2,n1

(
sWZ∗2,1 + cWZ∗2,2

)
+

δZχ̃0 ,L
3,n1

(
sWZ∗3,1 + cWZ∗3,2

)
+ δZχ̃0 ,L

4,n1

(
sWZ∗4,1 + cWZ∗4,2

)
 cβsW
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(
χ̃0

n1, χ̃+c2, G−
)
=

ie
s2

W


− 1

4c3
W

( 2 )c2
W +
√

2

 ( 1 )c2
W +(

2sWsβ (δsW) + (sβ (2 (δZe) + δZG−G−) + cβ (δZH−G−)) c2
W

)
s2

WZ∗n1,1

V∗c2,2


1
2
( 4 )



4 =
−cβ

(
( 3 )sW + (δsW)

(√
2Uc2,2

(
Zn1,1s3

W

c3
W

− Zn1,2

)
+ 2Uc2,1Zn1,3

))
−

sW ((δZG−G−) cβ − (δZH−G−) sβ)
(

Uc2,2√
2

(
sWZn1,1

cW
+ Zn1,2

)
−Uc2,1Zn1,3

)

3 =

2 (δZe)

(
Uc2,2√

2

(
sWZn1,1

cW
+ Zn1,2

)
−Uc2,1Zn1,3

)
+

(
U1,2√

2

(
sWZn1,1

cW
+ Zn1,2

)
−U1,1Zn1,3

)
δZχ̃− ,L

c2,1 +(
U2,2√

2

(
sWZn1,1

cW
+ Zn1,2

)
−U2,1Zn1,3

)
δZχ̃− ,L

c2,2 +

(
Uc2,2√

2

(
sWZ1,1

cW
+ Z1,2

)
−Uc2,1Z1,3

)
δZχ̃0 ,R

1,n1 +(
Uc2,2√

2

(
sWZ2,1

cW
+ Z2,2

)
−Uc2,1Z2,3

)
δZχ̃0 ,R

2,n1 +

(
Uc2,2√

2

(
sWZ3,1

cW
+ Z3,2

)
−Uc2,1Z3,3

)
δZχ̃0 ,R

3,n1 +(
Uc2,2√

2

(
sWZ4,1

cW
+ Z4,2

)
−Uc2,1Z4,3

)
δZχ̃0 ,R

4,n1

2 =

 δZχ̃− ,R
c2,1

(√
2V∗1,2

(
sWZ∗n1,1 + cWZ∗n1,2

)
+ 2cWV∗1,1Z∗n1,4

)
+

δZχ̃− ,R
c2,2

(√
2V∗2,2

(
sWZ∗n1,1 + cWZ∗n1,2

)
+ 2cWV∗2,1Z∗n1,4

)
 sWsβ−

2

 (2 (δsW) sβ − sW ((δZH−G−) cβ + (2 (δZe) + δZG−G−) sβ)) Z∗n1,4−

sWsβ
(
δZχ̃0 ,L

1,n1 Z∗1,4 + δZχ̃0 ,L
2,n1 Z∗2,4 + δZχ̃0 ,L

3,n1 Z∗3,4 + δZχ̃0 ,L
4,n1 Z∗4,4

)
 cWV∗c2,1

11



1 =

−cW (2 (δsW) sβ − sW ((δZH−G−) cβ + (2 (δZe) + δZG−G−) sβ)) Z∗n1,2 + δZχ̃0 ,L
1,n1

(
sWZ∗1,1 + cWZ∗1,2

)
+ δZχ̃0 ,L

2,n1

(
sWZ∗2,1 + cWZ∗2,2

)
+

δZχ̃0 ,L
3,n1

(
sWZ∗3,1 + cWZ∗3,2

)
+ δZχ̃0 ,L

4,n1

(
sWZ∗4,1 + cWZ∗4,2

)
 sWsβ
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(
χ̃−c1, χ̃0

n2, H+
)
=

ie
s2

W



1
4c3

W

( 2 )c2
W +
√

2

 ( 1 )c2
W +(

2sWsβ (δsW) +
(
sβ
(
2 (δZe) + δZH−H−

)
− cβ (δZH−G−)

)
c2

W

)
s2

WZ∗n2,1

U∗c1,2


1
2

 cβ
(√

2Vc1,2Zn2,2 + 2Vc1,1Zn2,4

)
(δsW) −

sW

(
( 3 )cβ + sβ

(
Vc1,2√

2

(
sWZn2,1

cW
+ Zn2,2

)
+ Vc1,1Zn2,4

)
(δZH−G−)

)




3 =

√
2Vc1,2Zn2,1 (δsW) s2

W

c3
W

+
(
2 (δZe) + δZH−H−

) (Vc1,2√
2

(
sWZn2,1

cW
+ Zn2,2

)
+ Vc1,1Zn2,4

)
+(

V1,2√
2

(
sWZn2,1

cW
+ Zn2,2

)
+ V1,1Zn2,4

)
δZχ̃− ,R

1,c1 +

(
Vc1,2√

2

(
sWZ1,1

cW
+ Z1,2

)
+ Vc1,1Z1,4

)
δZχ̃0 ,R

1,n2 +(
V2,2√

2

(
sWZn2,1

cW
+ Zn2,2

)
+ V2,1Zn2,4

)
δZχ̃− ,R

2,c1 +

(
Vc1,2√

2

(
sWZ2,1

cW
+ Z2,2

)
+ Vc1,1Z2,4

)
δZχ̃0 ,R

2,n2 +(
Vc1,2√

2

(
sWZ3,1

cW
+ Z3,2

)
+ Vc1,1Z3,4

)
δZχ̃0 ,R

3,n2 +

(
Vc1,2√

2

(
sWZ4,1

cW
+ Z4,2

)
+ Vc1,1Z4,4

)
δZχ̃0 ,R

4,n2

2 =

2

 (
2 (δsW) sβ − sW

((
2 (δZe) + δZH−H−

)
sβ − (δZH−G−) cβ

))
Z∗n2,3−

sWsβ
(
δZχ̃0 ,L

1,n2 Z∗1,3 + δZχ̃0 ,L
2,n2 Z∗2,3 + δZχ̃0 ,L

3,n2 Z∗3,3 + δZχ̃0 ,L
4,n2 Z∗4,3

)
 cWU∗c1,1 + δZχ̃− ,L

1,c1

(√
2U∗1,2

(
sWZ∗n2,1 + cWZ∗n2,2

)
− 2cWU∗1,1Z∗n2,3

)
+

δZχ̃− ,L
2,c1

(√
2U∗2,2

(
sWZ∗n2,1 + cWZ∗n2,2

)
− 2cWU∗2,1Z∗n2,3

)
 sWsβ

1 =

−cW
(
2 (δsW) sβ − sW

((
2 (δZe) + δZH−H−

)
sβ − (δZH−G−) cβ

))
Z∗n2,2 + δZχ̃0 ,L

1,n2

(
sWZ∗1,1 + cWZ∗1,2

)
+ δZχ̃0 ,L

2,n2

(
sWZ∗2,1 + cWZ∗2,2

)
+

δZχ̃0 ,L
3,n2

(
sWZ∗3,1 + cWZ∗3,2

)
+ δZχ̃0 ,L

4,n2

(
sWZ∗4,1 + cWZ∗4,2

)
 sWsβ
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(
χ̃−c1, χ̃0

n2, G+
)
=

ie
s2

W


− 1

4c3
W

( 2 )c2
W +
√

2

 ( 1 )c2
W−(

sβ (δZG−H−) c2
W − cβ

(
2sW (δsW) + (2 (δZe) + δZG−G−) c2

W

))
s2

WZ∗n2,1

U∗c1,2


1
2

 sβ
(√

2Vc1,2Zn2,2 + 2Vc1,1Zn2,4

)
(δsW) −

sW

(
( 3 )sβ +

(
Vc1,2√

2

(
sWZn2,1

cW
+ Zn2,2

)
+ Vc1,1Zn2,4

)
(sβ (δZG−G−) + cβ (δZG−H−))

)



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3 =

√
2Vc1,2Zn2,1 (δsW) s2

W

c3
W

+ 2 (δZe)

(
Vc1,2√

2

(
sWZn2,1

cW
+ Zn2,2

)
+ Vc1,1Zn2,4

)
+(

V1,2√
2

(
sWZn2,1

cW
+ Zn2,2

)
+ V1,1Zn2,4

)
δZχ̃− ,R

1,c1 +

(
Vc1,2√

2

(
sWZ1,1

cW
+ Z1,2

)
+ Vc1,1Z1,4

)
δZχ̃0 ,R

1,n2 +(
V2,2√

2

(
sWZn2,1

cW
+ Zn2,2

)
+ V2,1Zn2,4

)
δZχ̃− ,R

2,c1 +

(
Vc1,2√

2

(
sWZ2,1

cW
+ Z2,2

)
+ Vc1,1Z2,4

)
δZχ̃0 ,R

2,n2 +(
Vc1,2√

2

(
sWZ3,1

cW
+ Z3,2

)
+ Vc1,1Z3,4

)
δZχ̃0 ,R

3,n2 +

(
Vc1,2√

2

(
sWZ4,1

cW
+ Z4,2

)
+ Vc1,1Z4,4

)
δZχ̃0 ,R

4,n2

2 =

2

 (cβ (2 (δsW)− (2 (δZe) + δZG−G−) sW) + (δZG−H−) sWsβ) Z∗n2,3−

cβsW

(
δZχ̃0 ,L

1,n2 Z∗1,3 + δZχ̃0 ,L
2,n2 Z∗2,3 + δZχ̃0 ,L

3,n2 Z∗3,3 + δZχ̃0 ,L
4,n2 Z∗4,3

)
 cWU∗c1,1 + δZχ̃− ,L

1,c1

(√
2U∗1,2

(
sWZ∗n2,1 + cWZ∗n2,2

)
− 2cWU∗1,1Z∗n2,3

)
+

δZχ̃− ,L
2,c1

(√
2U∗2,2

(
sWZ∗n2,1 + cWZ∗n2,2

)
− 2cWU∗2,1Z∗n2,3

)
 cβsW

1 =

−cW (cβ (2 (δsW)− (2 (δZe) + δZG−G−) sW) + (δZG−H−) sWsβ) Z∗n2,2 + δZχ̃0 ,L
1,n2

(
sWZ∗1,1 + cWZ∗1,2

)
+ δZχ̃0 ,L

2,n2

(
sWZ∗2,1 + cWZ∗2,2

)
+

δZχ̃0 ,L
3,n2

(
sWZ∗3,1 + cWZ∗3,2

)
+ δZχ̃0 ,L
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(
sWZ∗4,1 + cWZ∗4,2

)
 cβsW

[FFS] Chargino – Quark – Squark

C
267

(
χ̃−c1, dg2, ũs3
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)
=
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√
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βUũg3∗

s3,1 −
√

2( 2 )Uũg3∗
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=
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s3,1 −
√

2mdg3Uc1,2Ud̃g3∗
s3,2

))


3 =
2
(

sW

(
U1,1δZχ̃− ,L

c1,1 + U2,1δZχ̃− ,L
c1,2

)
−Uc1,1

(
2 (δsW)− sW

(
2 (δZe) + δZu,L

g2,g2

)))
c2
βM3

WUd̃g3∗
s3,1 −

√
2( 2 )Ud̃g3∗

s3,2 +

cβsWM2
W

(
2cβMWUc1,1

(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)
−
√

2mdg3Uc1,2

(
δZd̃g3

1,s3Ud̃g3∗
1,2 + δZd̃g3

2,s3Ud̃g3∗
2,2

))

2 = Uc1,2

2cβsWM2
Wδmdg

g3 −mdg3

 sW

(
2 (δcβ)− cβ

(
2 (δZe) + δZu,L

g2,g2

))
M2

W +

cβ
(

sWδM2
W + 2 (δsW) M2

W

)
+ cβsWmdg3 M2

W

(
U1,2δZχ̃− ,L

c1,1 + U2,2δZχ̃− ,L
c1,2

)

1 =

mug2 sWsβM2
W

(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)
+ sWsβ

((
2 (δZe) + δZu,R

g2,g2

)
M2

W − δM2
W

)
−

2 ((δsβ) sW + (δsW) sβ) M2
W

mug2 + 2sWsβδmug
g2M2

W

Ud̃g3∗
s3,1

C
271

(
dg1, χ̃+c2, ũs3,†

g3

)
=

ie
M3

Ws2
W


− 1

4s2
β

(
( 2 )CKMg3,g1 + 2sWsβ

(
δCKMg3,g1

)
M2

W

(
2MWsβUũg3

s3,1V∗c2,1 −
√

2mug3Uũg3
s3,2V∗c2,2

))
1

2
√

2c2
β

 2cβmdg1 sWUc2,2
(
δCKMg3,g1

)
M2

WUũg3
s3,1 +

CKMg3,g1

(
( 3 )Uũg3

s3,1 + cβmdg1 sWUc2,2 M2
W

(
Uũg3

1,1 δZũg3
1,s3 + Uũg3

2,1 δZũg3
2,s3

))




3 = Uc2,2

2cβsWM2
Wδmdg

g1 −mdg1

 cβ
(

sWδM2
W + 2 (δsW) M2

W

)
+

sW

(
2 (δcβ)− cβ

(
2 (δZe) + δZd,R

g1,g1

))
M2

W

+ cβsWmdg1 M2
W

(
U1,2δZχ̃− ,L

c2,1 + U2,2δZχ̃− ,L
c2,2

)

2 =
2M3

Ws2
β

(
sW

(
δZũg3

1,s3Uũg3
1,1 + δZũg3

2,s3Uũg3
2,1

)
−
(

2 (δsW)− sW

(
2 (δZe) + δZd,L

g1,g1

))
Uũg3

s3,1

)
V∗c2,1 −

√
2( 1 )V∗c2,2 +

sWsβM2
W

(
2MWsβUũg3

s3,1

(
δZχ̃− ,R

c2,1 V∗1,1 + δZχ̃− ,R
c2,2 V∗2,1

)
−
√

2mug3Uũg3
s3,2

(
δZχ̃− ,R

c2,1 V∗1,2 + δZχ̃− ,R
c2,2 V∗2,2

))
14



1 = Uũg3
s3,2

2sβsWM2
Wδmug

g3 −mug3

 2 ((δsβ) sW + (δsW) sβ) M2
W +

sWsβ
(
δM2

W −
(

2 (δZe) + δZd,L
g1,g1

)
M2

W

)
+ sβsWmug3 M2

W

(
Uũg3

1,2 δZũg3
1,s3 + Uũg3

2,2 δZũg3
2,s3

)

C
272

(
ug1, χ̃−c2, d̃s3,†

g3

)
=

ie
M3

Ws2
W


− 1

4c2
β

(
( 2 )CKM∗g1,g3 + 2cβsWM2

W

(
2cβMWU∗c2,1Ud̃g3

s3,1 −
√

2mdg3U∗c2,2Ud̃g3
s3,2

)
δCKM∗g1,g3

)

1
2
√

2s2
β

 2mug1 sWsβVc2,2 M2
WUd̃g3

s3,1δCKM∗g1,g3 +

CKM∗g1,g3

(
( 3 )Ud̃g3

s3,1 + mug1 sWsβVc2,2 M2
W

(
Ud̃g3

1,1δZd̃g3
1,s3 + Ud̃g3

2,1δZd̃g3
2,s3

)) 



3 = Vc2,2

2sβsWM2
Wδmug

g1 −mug1

 2 ((δsβ) sW + (δsW) sβ) M2
W +

sWsβ
(
δM2

W −
(

2 (δZe) + δZu,R
g1,g1

)
M2

W

)
+ sβsWmug1 M2

W

(
V1,2δZχ̃− ,R

1,c2 + V2,2δZχ̃− ,R
2,c2

)

2 =
2c2

βM3
WU∗c2,1

(
sW

(
δZd̃g3

1,s3Ud̃g3
1,1 + δZd̃g3

2,s3Ud̃g3
2,1

)
−
(

2 (δsW)− sW

(
2 (δZe) + δZu,L

g1,g1

))
Ud̃g3

s3,1

)
−
√

2( 1 )U∗c2,2 +

cβsWM2
W

(
2cβMW

(
δZχ̃− ,L

1,c2 U∗1,1 + δZχ̃− ,L
2,c2 U∗2,1

)
Ud̃g3

s3,1 −
√

2mdg3

(
δZχ̃− ,L

1,c2 U∗1,2 + δZχ̃− ,L
2,c2 U∗2,2

)
Ud̃g3

s3,2

)

1 =

cβmdg3 sWM2
W

(
δZd̃g3

1,s3Ud̃g3
1,2 + δZd̃g3

2,s3Ud̃g3
2,2

)
+2cβsWδmdg

g3M2
W −

 cβ
(

sWδM2
W + 2 (δsW) M2

W

)
+

sW

(
2 (δcβ)− cβ

(
2 (δZe) + δZu,L

g1,g1

))
M2

W

mdg3

Ud̃g3
s3,2

[FFS] Gluino – Quark – Squark

C
456

(
g̃, ug2, ũs3

g3

)
=

igsδg2,g3Tg1
c2,c3√

2

 e∗g̃
(

Uũg2∗
s3,2

(
2
(
δZgs

)
+ δZu,R

g2,g2 + δZL
g̃

)
+ Uũg2∗

1,2 δZũg3
1,s3 + Uũg2∗

2,2 δZũg3
2,s3

)
−eg̃

(
Uũg2∗

s3,1

(
2
(
δZgs

)
+ δZu,L

g2,g2 + δZR
g̃

)
+ Uũg2∗

1,1 δZũg3
1,s3 + Uũg2∗

2,1 δZũg3
2,s3

)


C
457

(
g̃, dg2, d̃s3

g3

)
=

igsδg2,g3Tg1
c2,c3√

2


e∗g̃

(
Ud̃g2∗

s3,2

(
2
(
δZgs

)
+ δZd,R

g2,g2 + δZL
g̃

)
+ Ud̃g2∗

1,2 δZd̃g3
1,s3 + Ud̃g2∗

2,2 δZd̃g3
2,s3

)
−eg̃

(
Ud̃g2∗

s3,1

(
2
(
δZgs

)
+ δZd,L

g2,g2 + δZR
g̃

)
+ Ud̃g2∗

1,1 δZd̃g3
1,s3 + Ud̃g2∗

2,1 δZd̃g3
2,s3

)


15



C
458

(
g̃, ug2, ũs3,†

g3

)
=

igsδg2,g3Tg1
c3,c2√

2

 −e∗g̃
(

Uũg2
1,1 δZũg3

1,s3 + Uũg2
2,1 δZũg3

2,s3 + Uũg2
s3,1

(
2
(
δZgs

)
+ δZL

g̃ + δZu,L
g2,g2

))
eg̃

(
Uũg2

1,2 δZũg3
1,s3 + Uũg2

2,2 δZũg3
2,s3 + Uũg2

s3,2

(
2
(
δZgs

)
+ δZR

g̃ + δZu,R
g2,g2

))


C
459

(
g̃, dg2, d̃s3,†

g3

)
=

igsδg2,g3Tg1
c3,c2√

2


−e∗g̃

(
Ud̃g2

1,1δZd̃g3
1,s3 + Ud̃g2

2,1δZd̃g3
2,s3 + Ud̃g2

s3,1

(
2
(
δZgs

)
+ δZL

g̃ + δZd,L
g2,g2

))
eg̃

(
Ud̃g2

1,2δZd̃g3
1,s3 + Ud̃g2

2,2δZd̃g3
2,s3 + Ud̃g2

s3,2

(
2
(
δZgs

)
+ δZR

g̃ + δZd,R
g2,g2

))


[FFS] Lepton – Neutralino – Slepton

C
259

(
χ̃0

n1,νg2, ν̃g3

)
=

ieδg2,g3

2
√

2c3
Ws2

W

(
( 1 )sW + Zn1,2c3

W

(
2 (δsW)− sW

(
2 (δZe) + δZν,L

g2,g2 + δZν̃
1,1

)))  0

1


1 = c2

W

 (sWZ1,1 − cWZ1,2) δZχ̃0 ,R
1,n1 + (sWZ2,1 − cWZ2,2) δZχ̃0 ,R

2,n1 +

(sWZ3,1 − cWZ3,2) δZχ̃0 ,R
3,n1 + (sWZ4,1 − cWZ4,2) δZχ̃0 ,R

4,n1

+ sWZn1,1

(
c2

W

(
δZν,L

g2,g2 + δZν̃
1,1

)
+ 2

(
c2

W (δZe) + sW (δsW)
))

C
260

(
χ̃0

n1, eg2, ẽs3
g3

)
=

ieδg2,g3

2
√

2c3
Wc2

βM3
Ws2

W



−c2
W

(
( 2 )cβsWM2

W + ( 1 )cWZ∗n1,3

)
−

2

 U ẽg2∗
s3,2

(
2sW (δsW) + c2

W

(
2 (δZe) + δZe,R

g2,g2

))
+

c2
W

(
U ẽg2∗

1,2 δZẽg3
1,s3 + U ẽg2∗

2,2 δZẽg3
2,s3

)
 c2

βM3
Ws2

WZ∗n1,1

( 5 )c2
W + ( 3 )c2

βM3
WU ẽg2∗

s3,1



5 = cβsWM2
W

 cβMW (sWZn1,1 + cWZn1,2)
(
δZẽg3

1,s3U ẽg2∗
1,1 + δZẽg3

2,s3U ẽg2∗
2,1

)
−

cWmeg2 Zn1,3

(
δZẽg3

1,s3U ẽg2∗
1,2 + δZẽg3

2,s3U ẽg2∗
2,2

)
+ cW( 4 )U ẽg2∗

s3,2

4 =

meg2 sWZn1,3

(
2 (δcβ)− cβ

(
2 (δZe) + δZe,L

g2,g2

))
M2

W +

cβ

meg2 sWZn1,3δM2
W +


2 (δsW)meg2 Zn1,3− 2Zn1,3δmeg

g2 +

meg2

(
Z1,3δZχ̃0 ,R

1,n1 + Z2,3δZχ̃0 ,R
2,n1 + Z3,3δZχ̃0 ,R

3,n1 + Z4,3δZχ̃0 ,R
4,n1

)
 sW

M2
W


16



3 =

Zn1,1

(
2 (δsW) sW +

(
2 (δZe) + δZe,L

g2,g2

)
c2

W

)
s2

W − Zn1,2

(
2 (δsW)− sW

(
2 (δZe) + δZe,L

g2,g2

))
c3

W +

sW

 (sWZ1,1 + cWZ1,2) δZχ̃0 ,R
1,n1 + (sWZ2,1 + cWZ2,2) δZχ̃0 ,R

2,n1 +

sWZ3,1δZχ̃0 ,R
3,n1 + (sWZ4,1 + cWZ4,2) δZχ̃0 ,R

4,n1

 c2
W + Z3,2δZχ̃0 ,R

3,n1 c3
W



2 =
2cβMWsWU ẽg2∗

s3,2

(
δZχ̃0 ,L

1,n1 Z∗1,1 + δZχ̃0 ,L
2,n1 Z∗2,1 + δZχ̃0 ,L

3,n1 Z∗3,1 + δZχ̃0 ,L
4,n1 Z∗4,1

)
+

cWmeg2U ẽg2∗
s3,1

(
δZχ̃0 ,L

1,n1 Z∗1,3 + δZχ̃0 ,L
2,n1 Z∗2,3 + δZχ̃0 ,L

3,n1 Z∗3,3 + δZχ̃0 ,L
4,n1 Z∗4,3

)

1 =

cβmeg2 sWM2
W

(
δZẽg3

1,s3U ẽg2∗
1,1 + δZẽg3

2,s3U ẽg2∗
2,1

)
+2cβsWδmeg

g2M2
W −

 sW

(
2 (δcβ)− cβ

(
2 (δZe) + δZe,R

g2,g2

))
M2

W +

cβ
(

sWδM2
W + 2 (δsW) M2

W

)
meg2

U ẽg2∗
s3,1

C
263

(
νg1, χ̃0

n2, ν̃†g3

)
=

ieδg1,g3

2
√

2c3
Ws2

W

(
( 1 )c2

W + s2
WZ∗n2,1

(
2
(

sW (δsW) + (δZe) c2
W

)
+ c2

W

(
δZν̃

1,1 + δZν,L
g1,g1

)))  1

0


1 = sW

 δZχ̃0 ,L
1,n2

(
sWZ∗1,1 − cWZ∗1,2

)
+ δZχ̃0 ,L

2,n2

(
sWZ∗2,1 − cWZ∗2,2

)
+

δZχ̃0 ,L
3,n2

(
sWZ∗3,1 − cWZ∗3,2

)
+ δZχ̃0 ,L

4,n2

(
sWZ∗4,1 − cWZ∗4,2

)
− cWZ∗n2,2

(
sW

(
δZν̃

1,1 + δZν,L
g1,g1

)
+ 2 (sW (δZe)− δsW)

)

C
264

(
eg1, χ̃0

n2, ẽs3,†
g3

)
=

ieδg1,g3

2
√

2c3
Wc2

βM3
Ws2

W

 3

5



5 =

meg1 sWZn2,3

(
2 (δcβ)− cβ

(
2 (δZe) + δZe,R

g1,g1

))
c3

WM2
WU

ẽg1
s3,1 − ( 4 )cβc2

W−

2

 (
Z1,1δZχ̃0 ,R

1,n2 + Z2,1δZχ̃0 ,R
2,n2 + Z3,1δZχ̃0 ,R

3,n2 + Z4,1δZχ̃0 ,R
4,n2

)
c2

W +

Zn2,1

(
2 (δsW) sW +

(
2 (δZe) + δZe,R

g1,g1

)
c2

W

)
 c2

βM3
Ws2

WU
ẽg1
s3,2

4 =

−cW

meg1 sWZn2,3δM2
W +


2 (δsW)meg1 Zn2,3− 2Zn2,3δmeg

g1 +

meg1

(
Z1,3δZχ̃0 ,R

1,n2 + Z2,3δZχ̃0 ,R
2,n2 + Z3,3δZχ̃0 ,R

3,n2 + Z4,3δZχ̃0 ,R
4,n2

)
 sW

M2
W

U
ẽg1
s3,1 +

 δZẽg3
1,s3

(
cWmeg1 Zn2,3U

ẽg1
1,1 + 2cβMWsWZn2,1U

ẽg1
1,2

)
+

δZẽg3
2,s3

(
cWmeg1 Zn2,3U

ẽg1
2,1 + 2cβMWsWZn2,1U

ẽg1
2,2

)
 sWM2

W

17



3 =

c2
βM3

Ws2
W

(
c2

W

(
δZẽg3

1,s3U
ẽg1
1,1 + δZẽg3

2,s3U
ẽg1
2,1

)
+
(

2 (δsW) sW +
(

2 (δZe) + δZe,L
g1,g1

)
c2

W

)
U

ẽg1
s3,1

)
Z∗n2,1 +

c2
W

( 1 )cβsWM2
W − cW

( 2 )Z∗n2,3 −

 sW

(
δZẽg3

1,s3U
ẽg1
1,1 + δZẽg3

2,s3U
ẽg1
2,1

)
−(

2 (δsW)− sW

(
2 (δZe) + δZe,L

g1,g1

))
U

ẽg1
s3,1

 c2
βM3

WZ∗n2,2



2 =

cβmeg1 sWM2
W

(
δZẽg3

1,s3U
ẽg1
1,2 + δZẽg3

2,s3U
ẽg1
2,2

)
+2cβsWδmeg

g1M2
W −

 cβ
(

sWδM2
W + 2 (δsW) M2

W

)
+

sW

(
2 (δcβ)− cβ

(
2 (δZe) + δZe,L

g1,g1

))
M2

W

meg1

U
ẽg1
s3,2

1 =

−cWmeg1U
ẽg1
s3,2

(
δZχ̃0 ,L

1,n2 Z∗1,3 + δZχ̃0 ,L
2,n2 Z∗2,3 + δZχ̃0 ,L

3,n2 Z∗3,3 + δZχ̃0 ,L
4,n2 Z∗4,3

)
+ δZχ̃0 ,L

1,n2

(
sWZ∗1,1 + cWZ∗1,2

)
+ δZχ̃0 ,L

2,n2

(
sWZ∗2,1 + cWZ∗2,2

)
+

δZχ̃0 ,L
3,n2

(
sWZ∗3,1 + cWZ∗3,2

)
+ δZχ̃0 ,L

4,n2

(
sWZ∗4,1 + cWZ∗4,2

)
 cβMWU

ẽg1
s3,1

[FFS] Neutralino – Quark – Squark

C
261

(
χ̃0

n1, ug2, ũs3
g3

)
=

ieδg2,g3

6
√

2c3
WM3

Ws2
Ws2

β



c2
W

(
( 2 )sWsβM2

W − 3( 1 )cWZ∗n1,4

)
+

4

 Uũg2∗
s3,2

(
2sW (δsW) + c2

W

(
2 (δZe) + δZu,R

g2,g2

))
+

c2
W

(
Uũg2∗

1,2 δZũg3
1,s3 + Uũg2∗

2,2 δZũg3
2,s3

)
M3

Ws2
Ws2

βZ∗n1,1

−( 5 )c2
W − ( 3 )M3

Ws2
βUũg2∗

s3,1



5 = sβsWM2
W

 MWsβ (sWZn1,1 + 3cWZn1,2)
(
δZũg3

1,s3Uũg2∗
1,1 + δZũg3

2,s3Uũg2∗
2,1

)
+

3cWmug2 Zn1,4

(
δZũg3

1,s3Uũg2∗
1,2 + δZũg3

2,s3Uũg2∗
2,2

)
− 3cW( 4 )Uũg2∗

s3,2

4 =

−mug2 sWsβZn1,4

((
2 (δZe) + δZu,L

g2,g2

)
M2

W − δM2
W

)
+


2 (δsW)mug2 Zn1,4− 2Zn1,4δmug

g2 +

mug2

(
Z1,4δZχ̃0 ,R

1,n1 + Z2,4δZχ̃0 ,R
2,n1 + Z3,4δZχ̃0 ,R

3,n1 + Z4,4δZχ̃0 ,R
4,n1

)
 sW

 sβ + 2 (δsβ)mug2 sWZn1,4

M2
W

18



3 =

Zn1,1

(
2 (δsW) sW +

(
2 (δZe) + δZu,L

g2,g2

)
c2

W

)
s2

W − Zn1,2

(
6 (δsW)− sW

(
6 (δZe) + 3δZu,L

g2,g2

))
c3

W +

sW

 (sWZ1,1 + 3cWZ1,2) δZχ̃0 ,R
1,n1 + (sWZ2,1 + 3cWZ2,2) δZχ̃0 ,R

2,n1 +

sWZ3,1δZχ̃0 ,R
3,n1 + (sWZ4,1 + 3cWZ4,2) δZχ̃0 ,R

4,n1

 c2
W + 3Z3,2δZχ̃0 ,R

3,n1 c3
W



2 =
4MWsWsβUũg2∗

s3,2

(
δZχ̃0 ,L

1,n1 Z∗1,1 + δZχ̃0 ,L
2,n1 Z∗2,1 + δZχ̃0 ,L

3,n1 Z∗3,1 + δZχ̃0 ,L
4,n1 Z∗4,1

)
−

3cWmug2Uũg2∗
s3,1

(
δZχ̃0 ,L

1,n1 Z∗1,4 + δZχ̃0 ,L
2,n1 Z∗2,4 + δZχ̃0 ,L

3,n1 Z∗3,4 + δZχ̃0 ,L
4,n1 Z∗4,4

)

1 =

mug2 sWsβM2
W

(
δZũg3

1,s3Uũg2∗
1,1 + δZũg3

2,s3Uũg2∗
2,1

)
+ sWsβ

((
2 (δZe) + δZu,R

g2,g2

)
M2

W − δM2
W

)
−

2 ((δsβ) sW + (δsW) sβ) M2
W

mug2 + 2sWsβδmug
g2M2

W

Uũg2∗
s3,1

C
262

(
χ̃0

n1, dg2, d̃s3
g3

)
=

ieδg2,g3

6
√

2c3
Wc2

βM3
Ws2

W



−c2
W

(
( 2 )cβsWM2

W + 3( 1 )cWZ∗n1,3

)
−

2

 Ud̃g2∗
s3,2

(
2sW (δsW) + c2

W

(
2 (δZe) + δZd,R

g2,g2

))
+

c2
W

(
Ud̃g2∗

1,2 δZd̃g3
1,s3 + Ud̃g2∗

2,2 δZd̃g3
2,s3

)
 c2

βM3
Ws2

WZ∗n1,1

−( 5 )c2
W + ( 3 )c2

βM3
WUd̃g2∗

s3,1



5 = cβsWM2
W

 cβMW (sWZn1,1 − 3cWZn1,2)

(
δZd̃g3

1,s3Ud̃g2∗
1,1 + δZd̃g3

2,s3Ud̃g2∗
2,1

)
+

3cWmdg2 Zn1,3

(
δZd̃g3

1,s3Ud̃g2∗
1,2 + δZd̃g3

2,s3Ud̃g2∗
2,2

)
− 3cW( 4 )Ud̃g2∗

s3,2

4 =

mdg2 sWZn1,3

(
2 (δcβ)− cβ

(
2 (δZe) + δZd,L

g2,g2

))
M2

W +

cβ

mdg2 sWZn1,3δM2
W +


2 (δsW)mdg2 Zn1,3− 2Zn1,3δmdg

g2 +

mdg2

(
Z1,3δZχ̃0 ,R

1,n1 + Z2,3δZχ̃0 ,R
2,n1 + Z3,3δZχ̃0 ,R

3,n1 + Z4,3δZχ̃0 ,R
4,n1

)
 sW

M2
W



3 =

−3Zn1,2

(
2 (δsW)− sW

(
2 (δZe) + δZd,L

g2,g2

))
c3

W − Zn1,1

(
2 (δsW) sW +

(
2 (δZe) + δZd,L

g2,g2

)
c2

W

)
s2

W +

sW

3Z3,2δZχ̃0 ,R
3,n1 c3

W −

 (sWZ1,1 − 3cWZ1,2) δZχ̃0 ,R
1,n1 + (sWZ2,1 − 3cWZ2,2) δZχ̃0 ,R

2,n1 +

sWZ3,1δZχ̃0 ,R
3,n1 + (sWZ4,1 − 3cWZ4,2) δZχ̃0 ,R

4,n1

 c2
W


19



2 =
2cβMWsWUd̃g2∗

s3,2

(
δZχ̃0 ,L

1,n1 Z∗1,1 + δZχ̃0 ,L
2,n1 Z∗2,1 + δZχ̃0 ,L

3,n1 Z∗3,1 + δZχ̃0 ,L
4,n1 Z∗4,1

)
+

3cWmdg2Ud̃g2∗
s3,1

(
δZχ̃0 ,L

1,n1 Z∗1,3 + δZχ̃0 ,L
2,n1 Z∗2,3 + δZχ̃0 ,L

3,n1 Z∗3,3 + δZχ̃0 ,L
4,n1 Z∗4,3

)

1 =

cβmdg2 sWM2
W

(
δZd̃g3

1,s3Ud̃g2∗
1,1 + δZd̃g3

2,s3Ud̃g2∗
2,1

)
+2cβsWδmdg

g2M2
W −

 sW

(
2 (δcβ)− cβ

(
2 (δZe) + δZd,R

g2,g2

))
M2

W +

cβ
(

sWδM2
W + 2 (δsW) M2

W

)
mdg2

Ud̃g2∗
s3,1

C
265

(
ug1, χ̃0

n2, ũs3,†
g3

)
= −

ieδg1,g3

6
√

2c3
WM3

Ws2
Ws2

β

 3

5



5 =

−( 4 )c3
WU

ũg1
s3,1 + δZũg3

1,s3

(
3cWmug1 Zn2,4U

ũg1
1,1 − 4MWsWsβZn2,1U

ũg1
1,2

)
+

δZũg3
2,s3

(
3cWmug1 Zn2,4U

ũg1
2,1 − 4MWsWsβZn2,1U

ũg1
2,2

)
 sWsβc2

WM2
W−

4

 (
2 (δZe) Zn2,1 + Z1,1δZχ̃0 ,R

1,n2 + Z2,1δZχ̃0 ,R
2,n2 + Z3,1δZχ̃0 ,R

3,n2 + Z4,1δZχ̃0 ,R
4,n2

)
c2

W +

Zn2,1

(
2 (δsW) sW + δZu,R

g1,g1c2
W

)
M3

Ws2
Ws2

βU
ũg1
s3,2

4 =

mug1 sWsβZn2,4

(
3δM2

W − 3
(

2 (δZe) + δZu,R
g1,g1

)
M2

W

)
+ 6Zn2,4

(
mug1 ((δsβ) sW + (δsW) sβ)− sWsβδmug

g1

)
−

3mug1 sWsβ
(

Z1,4δZχ̃0 ,R
1,n2 + Z2,4δZχ̃0 ,R

2,n2 + Z3,4δZχ̃0 ,R
3,n2 + Z4,4δZχ̃0 ,R

4,n2

)
M2

W

3 =

M3
Ws2

Ws2
β

(
c2

W

(
δZũg3

1,s3U
ũg1
1,1 + δZũg3

2,s3U
ũg1
2,1

)
+
(

2 (δsW) sW +
(

2 (δZe) + δZu,L
g1,g1

)
c2

W

)
U

ũg1
s3,1

)
Z∗n2,1 +

c2
W

( 1 )sWsβM2
W + 3cW

 sW

(
δZũg3

1,s3U
ũg1
1,1 + δZũg3

2,s3U
ũg1
2,1

)
−(

2 (δsW)− sW

(
2 (δZe) + δZu,L

g1,g1

))
U

ũg1
s3,1

M3
Ws2

βZ∗n2,2 + ( 2 )Z∗n2,4



2 = U
ũg1
s3,2

2sβsWM2
Wδmug

g1 −mug1

 2 ((δsβ) sW + (δsW) sβ) M2
W +

sWsβ
(
δM2

W −
(

2 (δZe) + δZu,L
g1,g1

)
M2

W

)
+ sβsWmug1 M2

W

(
U

ũg1
1,2 δZũg3

1,s3 + U
ũg1
2,2 δZũg3

2,s3

)

20



1 =

3cWmug1U
ũg1
s3,2

(
δZχ̃0 ,L

1,n2 Z∗1,4 + δZχ̃0 ,L
2,n2 Z∗2,4 + δZχ̃0 ,L

3,n2 Z∗3,4 + δZχ̃0 ,L
4,n2 Z∗4,4

)
+ δZχ̃0 ,L

1,n2

(
sWZ∗1,1 + 3cWZ∗1,2

)
+ δZχ̃0 ,L

2,n2

(
sWZ∗2,1 + 3cWZ∗2,2

)
+

δZχ̃0 ,L
3,n2

(
sWZ∗3,1 + 3cWZ∗3,2

)
+ δZχ̃0 ,L

4,n2

(
sWZ∗4,1 + 3cWZ∗4,2

)
MWsβU

ũg1
s3,1

C
266

(
dg1, χ̃0

n2, d̃s3,†
g3

)
=

ieδg1,g3

6
√

2c3
Wc2

βM3
Ws2

W

 3

5



5 =

3mdg1 sWZn2,3

(
2 (δcβ)− cβ

(
2 (δZe) + δZd,R

g1,g1

))
c3

WM2
WU

d̃g1
s3,1 − ( 4 )cβc2

W−

2

 (
Z1,1δZχ̃0 ,R

1,n2 + Z2,1δZχ̃0 ,R
2,n2 + Z3,1δZχ̃0 ,R

3,n2 + Z4,1δZχ̃0 ,R
4,n2

)
c2

W +

Zn2,1

(
2 (δsW) sW +

(
2 (δZe) + δZd,R

g1,g1

)
c2

W

)
 c2

βM3
Ws2

WU
d̃g1
s3,2

4 =

 δZd̃g3
1,s3

(
3cWmdg1 Zn2,3U

d̃g1
1,1 + 2cβMWsWZn2,1U

d̃g1
1,2

)
+

δZd̃g3
2,s3

(
3cWmdg1 Zn2,3U

d̃g1
2,1 + 2cβMWsWZn2,1U

d̃g1
2,2

)
 sWM2

W +

 Zn2,3

(
6sWδmdg

g1M2
W − 3mdg1

(
sWδM2

W + 2 (δsW) M2
W

))
+

3mdg1 sW

(
Z1,3δZχ̃0 ,R

1,n2 + Z2,3δZχ̃0 ,R
2,n2 + Z3,3δZχ̃0 ,R

3,n2 + Z4,3δZχ̃0 ,R
4,n2

)
M2

W

 cWU
d̃g1
s3,1

3 =

−c2
βM3

Ws2
W

(
c2

W

(
δZd̃g3

1,s3U
d̃g1
1,1 + δZd̃g3

2,s3U
d̃g1
2,1

)
+
(

2 (δsW) sW +
(

2 (δZe) + δZd,L
g1,g1

)
c2

W

)
U

d̃g1
s3,1

)
Z∗n2,1−

c2
W

( 1 )cβsWM2
W + cW

3( 2 )Z∗n2,3 − 3

 sW

(
δZd̃g3

1,s3U
d̃g1
1,1 + δZd̃g3

2,s3U
d̃g1
2,1

)
−(

2 (δsW)− sW

(
2 (δZe) + δZd,L

g1,g1

))
U

d̃g1
s3,1

 c2
βM3

WZ∗n2,2




2 =

cβmdg1 sWM2
W

(
δZd̃g3

1,s3U
d̃g1
1,2 + δZd̃g3

2,s3U
d̃g1
2,2

)
+2cβsWδmdg

g1M2
W −

 cβ
(

sWδM2
W + 2 (δsW) M2

W

)
+

sW

(
2 (δcβ)− cβ

(
2 (δZe) + δZd,L

g1,g1

))
M2

W

mdg1

U
d̃g1
s3,2

1 =

3cWmdg1U
d̃g1
s3,2

(
δZχ̃0 ,L

1,n2 Z∗1,3 + δZχ̃0 ,L
2,n2 Z∗2,3 + δZχ̃0 ,L

3,n2 Z∗3,3 + δZχ̃0 ,L
4,n2 Z∗4,3

)
+ δZχ̃0 ,L

1,n2

(
sWZ∗1,1 − 3cWZ∗1,2

)
+ δZχ̃0 ,L

2,n2

(
sWZ∗2,1 − 3cWZ∗2,2

)
+

δZχ̃0 ,L
3,n2

(
sWZ∗3,1 − 3cWZ∗3,2

)
+ δZχ̃0 ,L

4,n2

(
sWZ∗4,1 − 3cWZ∗4,2

)
 cβMWU

d̃g1
s3,1

21



[FFS] 2 Charginos – Higgs

C
251

(
χ̃−c1, χ̃+c2, h0

)
=

ie
2
√

2s2
W

 1

2



2 =

−Vc1,1

(
((δZhH) cαsW + (2 (δsW)− (2 (δZe) + δZhh) sW) sα)Uc2,2 − sWsα

(
U1,2δZχ̃− ,L

c2,1 + U2,2δZχ̃− ,L
c2,2

))
+

Vc1,2

(
(cα (2 (δsW)− (2 (δZe) + δZhh) sW)− (δZhH) sWsα)Uc2,1 − cαsW

(
U1,1δZχ̃− ,L

c2,1 + U2,1δZχ̃− ,L
c2,2

))
+

sW

(
(sαUc2,2V1,1 − cαUc2,1V1,2) δZχ̃− ,R

1,c1 + (sαUc2,2V2,1 − cαUc2,1V2,2) δZχ̃− ,R
2,c1

)

1 =

−U∗c1,2

(
((δZhH) cαsW + (2 (δsW)− (2 (δZe) + δZhh) sW) sα)V∗c2,1 − sWsα

(
δZχ̃− ,R

c2,1 V∗1,1 + δZχ̃− ,R
c2,2 V∗2,1

))
+

U∗c1,1

(
(cα (2 (δsW)− (2 (δZe) + δZhh) sW)− (δZhH) sWsα)V∗c2,2 − cαsW

(
δZχ̃− ,R

c2,1 V∗1,2 + δZχ̃− ,R
c2,2 V∗2,2

))
+

sW

(
δZχ̃− ,L

1,c1

(
sαU∗1,2V∗c2,1 − cαU∗1,1V∗c2,2

)
+ δZχ̃− ,L

2,c1

(
sαU∗2,2V∗c2,1 − cαU∗2,1V∗c2,2

))

C
252

(
χ̃−c1, χ̃+c2, H0

)
= − ie

2
√

2s2
W

 1

2



2 =

−Vc1,1

(
(cα (2 (δsW)− (2 (δZe) + δZHH) sW) + (δZhH) sWsα)Uc2,2 − cαsW

(
U1,2δZχ̃− ,L

c2,1 + U2,2δZχ̃− ,L
c2,2

))
+

Vc1,2

(
((δZhH) cαsW − (2 (δsW)− (2 (δZe) + δZHH) sW) sα)Uc2,1 + sWsα

(
U1,1δZχ̃− ,L

c2,1 + U2,1δZχ̃− ,L
c2,2

))
+

sW

(
(cαUc2,2V1,1 + sαUc2,1V1,2) δZχ̃− ,R

1,c1 + (cαUc2,2V2,1 + sαUc2,1V2,2) δZχ̃− ,R
2,c1

)

1 =

−U∗c1,2

(
(cα (2 (δsW)− (2 (δZe) + δZHH) sW) + (δZhH) sWsα)V∗c2,1 − cαsW

(
δZχ̃− ,R

c2,1 V∗1,1 + δZχ̃− ,R
c2,2 V∗2,1

))
+

U∗c1,1

(
sWsα

(
δZχ̃− ,R

c2,1 V∗1,2 + δZχ̃− ,R
c2,2 V∗2,2

)
+ ((δZhH) cαsW − (2 (δsW)− (2 (δZe) + δZHH) sW) sα)V∗c2,2

)
+

sW

(
δZχ̃− ,L

1,c1

(
cαU∗1,2V∗c2,1 + sαU∗1,1V∗c2,2

)
+ δZχ̃− ,L

2,c1

(
cαU∗2,2V∗c2,1 + sαU∗2,1V∗c2,2

))

C
253

(
χ̃−c1, χ̃+c2, A0

)
=

e
2
√

2s2
W

 1

2



22



2 =

−Vc1,1

(
((δZAG) cβsW + (2 (δsW)− (2 (δZe) + δZAA) sW) sβ)Uc2,2 − sWsβ

(
U1,2δZχ̃− ,L

c2,1 + U2,2δZχ̃− ,L
c2,2

))
−

Vc1,2

(
(cβ (2 (δsW)− (2 (δZe) + δZAA) sW)− (δZAG) sWsβ)Uc2,1 − cβsW

(
U1,1δZχ̃− ,L

c2,1 + U2,1δZχ̃− ,L
c2,2

))
+

sW

(
(sβUc2,2V1,1 + cβUc2,1V1,2) δZχ̃− ,R

1,c1 + (sβUc2,2V2,1 + cβUc2,1V2,2) δZχ̃− ,R
2,c1

)

1 =

U∗c1,2

(
((δZAG) cβsW + (2 (δsW)− (2 (δZe) + δZAA) sW) sβ)V∗c2,1 − sWsβ

(
δZχ̃− ,R

c2,1 V∗1,1 + δZχ̃− ,R
c2,2 V∗2,1

))
+

U∗c1,1

(
(cβ (2 (δsW)− (2 (δZe) + δZAA) sW)− (δZAG) sWsβ)V∗c2,2 − cβsW

(
δZχ̃− ,R

c2,1 V∗1,2 + δZχ̃− ,R
c2,2 V∗2,2

))
−

sW

(
δZχ̃− ,L

1,c1

(
sβU∗1,2V∗c2,1 + cβU∗1,1V∗c2,2

)
+ δZχ̃− ,L

2,c1

(
sβU∗2,2V∗c2,1 + cβU∗2,1V∗c2,2

))

C
254

(
χ̃−c1, χ̃+c2, G0

)
=

e
2
√

2s2
W

 1

2



2 =

Vc1,1

(
(cβ (2 (δsW)− (2 (δZe) + δZGG) sW) + (δZAG) sWsβ)Uc2,2 − cβsW

(
U1,2δZχ̃− ,L

c2,1 + U2,2δZχ̃− ,L
c2,2

))
+

Vc1,2

(
((δZAG) cβsW − (2 (δsW)− (2 (δZe) + δZGG) sW) sβ)Uc2,1 + sWsβ

(
U1,1δZχ̃− ,L

c2,1 + U2,1δZχ̃− ,L
c2,2

))
−

sW

(
(cβUc2,2V1,1 − sβUc2,1V1,2) δZχ̃− ,R

1,c1 + (cβUc2,2V2,1 − sβUc2,1V2,2) δZχ̃− ,R
2,c1

)

1 =

−U∗c1,2

(
(cβ (2 (δsW)− (2 (δZe) + δZGG) sW) + (δZAG) sWsβ)V∗c2,1 − cβsW

(
δZχ̃− ,R

c2,1 V∗1,1 + δZχ̃− ,R
c2,2 V∗2,1

))
+

U∗c1,1

(
(2 (δsW) sβ − sW ((δZAG) cβ + (2 (δZe) + δZGG) sβ))V∗c2,2 − sWsβ

(
δZχ̃− ,R

c2,1 V∗1,2 + δZχ̃− ,R
c2,2 V∗2,2

))
+

sW

(
δZχ̃− ,L

1,c1

(
cβU∗1,2V∗c2,1 − sβU∗1,1V∗c2,2

)
+ δZχ̃− ,L

2,c1

(
cβU∗2,2V∗c2,1 − sβU∗2,1V∗c2,2

))

[FFS] 2 Leptons – Higgs

C
183

(
eg1, eg2, h0

)
=

ieδg1,g2

4c2
βM3

Ws2
W

 1

2


2 = 2cβsαsWM2

Wδmeg
g1 −meg1

 sα
(

2 (δcβ) sWM2
W − cβ

(
2 ((δZe) sW − δsW) M2

W − sWδM2
W

))
+

cβsW

(
(δZhH) cα − sα

(
δZhh + δZe,L

g2,g2 + δZe,R
g1,g1

))
M2

W



1 = 2cβsαsWM2
Wδmeg

g1 −meg1

 sα
(

2 (δcβ) sWM2
W − cβ

(
2 ((δZe) sW − δsW) M2

W − sWδM2
W

))
+

cβsW

(
(δZhH) cα − sα

(
δZhh + δZe,R

g2,g2 + δZe,L
g1,g1

))
M2

W


23



C
186

(
eg1, eg2, A0

)
=

eδg1,g2

4c2
βM3

Ws2
W




s2β (sW (δZe)− δsW) M2

W− sβ
(

2 (δcβ) M2
W + cβδM2

W

)
+

cβM2
W

(
cβ (δZAG)− sβ

(
δZAA + δZe,R

g2,g2 + δZe,L
g1,g1

))
 sW

meg1 + s2βsWM2
Wδmeg

g1

−


s2β (sW (δZe)− δsW) M2

W− sβ
(

2 (δcβ) M2
W + cβδM2

W

)
+

cβM2
W

(
cβ (δZAG)− sβ

(
δZAA + δZe,L

g2,g2 + δZe,R
g1,g1

))
 sW

meg1 − s2βsWM2
Wδmeg

g1



C
187

(
eg1, eg2, G0

)
=

eδg1,g2

4cβM3
Ws2

W



−2cβsWM2
Wδmeg

g1 + cβ
(

2 (δsW) M2
W + sWδM2

W

)
+

sWM2
W

(
2 (δcβ) + sβ (δZAG)− cβ

(
2 (δZe) + δZGG + δZe,R

g2,g2 + δZe,L
g1,g1

))
meg1

2cβsWM2
Wδmeg

g1− cβ
(

2 (δsW) M2
W + sWδM2

W

)
+

sWM2
W

(
2 (δcβ) + sβ (δZAG)− cβ

(
2 (δZe) + δZGG + δZe,L

g2,g2 + δZe,R
g1,g1

))
meg1



C
188

(
νg1, eg2, H−

)
=

ie( 1 )δg1,g2

2
√

2c2
βM3

Ws2
W

 1

0


1 = meg2

s2βM2
W (sW (δZe)− δsW)− sW

 sβ
(

cβδM2
W + 2 (δcβ) M2

W

)
+

cβ
(
(δZG−H−) cβ − sβ

(
δZH−H− + δZe,R

g2,g2 + δZν,L
g1,g1

))
M2

W

+ s2βsWM2
Wδmeg

g2

C
189

(
νg1, eg2, G−

)
= −

ieδg1,g2

2
√

2cβM3
Ws2

W


2cβsWM2

Wδmeg
g2−

cβ
(

2 (δsW) M2
W + sWδM2

W

)
+ 2 (δcβ) + sβ (δZH−G−) −

cβ
(

2 (δZe) + δZG−G− + δZe,R
g2,g2 + δZν,L

g1,g1

)
 sWM2

W

meg2


 1

0



C
190

(
eg1,νg2, H+

)
=

ie( 1 )δg1,g2

4
√

2c2
βM3

Ws2
W

 0

1


24



1 = meg1

s2β
(
2M2

W (sW (δZe)− δsW)− sWδM2
W

)
− sWM2

W

 4 (δcβ) sβ + 2 (δZH−G−) c2
β−

s2β

(
δZH−H− + δZν,L

g2,g2 + δZe,R
g1,g1

)
+ 2s2βsWM2

Wδmeg
g1

C
191

(
eg1,νg2, G+

)
= −

ieδg1,g2

2
√

2cβM3
Ws2

W


2cβsWM2

Wδmeg
g1−

cβ
(

2 (δsW) M2
W + sWδM2

W

)
+ 2 (δcβ) + sβ (δZG−H−) −

cβ
(

2 (δZe) + δZG−G− + δZν,L
g2,g2 + δZe,R

g1,g1

)
 sWM2

W

meg1


 0

1



C
203

(
eg1, eg2, H0

)
= −

ieδg1,g2

4c2
βM3

Ws2
W

 1

2


2 = 2cαcβsWM2

Wδmeg
g1 −meg1

2cαsWM2
W (δcβ)− cβ

 cα
(

2 ((δZe) sW − δsW) M2
W − sWδM2

W

)
−

sW

(
(δZhH) sα − cα

(
δZHH + δZe,L

g2,g2 + δZe,R
g1,g1

))
M2

W



1 = 2cαcβsWM2
Wδmeg

g1 −meg1

2cαsWM2
W (δcβ)− cβ

 cα
(

2 ((δZe) sW − δsW) M2
W − sWδM2

W

)
−

sW

(
(δZhH) sα − cα

(
δZHH + δZe,R

g2,g2 + δZe,L
g1,g1

))
M2

W



[FFS] 2 Neutralinos – Higgs

C
247

(
χ̃0

n1, χ̃0
n2, h0

)
= − ie

4s2
W


( 2 )sW

cW
+

2( 1 )

c3
W

1
c3

W

(
2( 3 ) + ( 4 )sWc2

W

)

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4 =

((sαZ1,3 + cαZ1,4) (sWZn2,1 − cWZn2,2) + (sWZ1,1 − cWZ1,2) (sαZn2,3 + cαZn2,4)) δZχ̃0 ,L
n1,1 +

((sαZ2,3 + cαZ2,4) (sWZn2,1 − cWZn2,2) + (sWZ2,1 − cWZ2,2) (sαZn2,3 + cαZn2,4)) δZχ̃0 ,L
n1,2 +

((sαZ3,3 + cαZ3,4) (sWZn2,1 − cWZn2,2) + (sWZ3,1 − cWZ3,2) (sαZn2,3 + cαZn2,4)) δZχ̃0 ,L
n1,3 +

((sαZ4,3 + cαZ4,4) (sWZn2,1 − cWZn2,2) + (sWZ4,1 − cWZ4,2) (sαZn2,3 + cαZn2,4)) δZχ̃0 ,L
n1,4 +

(((δZhh) sα − (δZhH) cα) Zn1,3 + ((δZhh) cα + (δZhH) sα) Zn1,4) (sWZn2,1 − cWZn2,2) +

(sWZn1,1 − cWZn1,2) (((δZhh) sα − (δZhH) cα) Zn2,3 + ((δZhh) cα + (δZhH) sα) Zn2,4) +

((sαZ1,3 + cαZ1,4) (sWZn1,1 − cWZn1,2) + (sWZ1,1 − cWZ1,2) (sαZn1,3 + cαZn1,4)) δZχ̃0 ,R
1,n2 +

((sαZ2,3 + cαZ2,4) (sWZn1,1 − cWZn1,2) + (sWZ2,1 − cWZ2,2) (sαZn1,3 + cαZn1,4)) δZχ̃0 ,R
2,n2 +

((sαZ3,3 + cαZ3,4) (sWZn1,1 − cWZn1,2) + (sWZ3,1 − cWZ3,2) (sαZn1,3 + cαZn1,4)) δZχ̃0 ,R
3,n2 +

((sαZ4,3 + cαZ4,4) (sWZn1,1 − cWZn1,2) + (sWZ4,1 − cWZ4,2) (sαZn1,3 + cαZn1,4)) δZχ̃0 ,R
4,n2

3 =
− (sαZn2,3 + cαZn2,4)

(
((δZe) sW − δsW) Zn1,2c3

W − Zn1,1

(
(δsW) sW + (δZe) c2

W

)
s2

W

)
−

(sαZn1,3 + cαZn1,4)
(
((δZe) sW − δsW) Zn2,2c3

W − Zn2,1

(
(δsW) sW + (δZe) c2

W

)
s2

W

)

2 =

δZχ̃0 ,R
n1,1

((
sαZ∗1,3 + cαZ∗1,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗1,1 − cWZ∗1,2

) (
sαZ∗n2,3 + cαZ∗n2,4

))
+

δZχ̃0 ,R
n1,2

((
sαZ∗2,3 + cαZ∗2,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗2,1 − cWZ∗2,2

) (
sαZ∗n2,3 + cαZ∗n2,4

))
+

δZχ̃0 ,R
n1,3

((
sαZ∗3,3 + cαZ∗3,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗3,1 − cWZ∗3,2

) (
sαZ∗n2,3 + cαZ∗n2,4

))
+

δZχ̃0 ,R
n1,4

((
sαZ∗4,3 + cαZ∗4,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗4,1 − cWZ∗4,2

) (
sαZ∗n2,3 + cαZ∗n2,4

))
+

(δZhh)
((

sαZ∗n1,3 + cαZ∗n1,4
) (

sWZ∗n2,1 − cWZ∗n2,2
)
+
(
sWZ∗n1,1 − cWZ∗n1,2

) (
sαZ∗n2,3 + cαZ∗n2,4

))
−

(δZhH)
((

cαZ∗n1,3 − sαZ∗n1,4
) (

sWZ∗n2,1 − cWZ∗n2,2
)
+
(
sWZ∗n1,1 − cWZ∗n1,2

) (
cαZ∗n2,3 − sαZ∗n2,4

))
+

δZχ̃0 ,L
1,n2

((
sαZ∗1,3 + cαZ∗1,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗1,1 − cWZ∗1,2

) (
sαZ∗n1,3 + cαZ∗n1,4

))
+

δZχ̃0 ,L
2,n2

((
sαZ∗2,3 + cαZ∗2,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗2,1 − cWZ∗2,2

) (
sαZ∗n1,3 + cαZ∗n1,4

))
+

δZχ̃0 ,L
3,n2

((
sαZ∗3,3 + cαZ∗3,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗3,1 − cWZ∗3,2

) (
sαZ∗n1,3 + cαZ∗n1,4

))
+

δZχ̃0 ,L
4,n2

((
sαZ∗4,3 + cαZ∗4,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗4,1 − cWZ∗4,2

) (
sαZ∗n1,3 + cαZ∗n1,4

))
1 =

((
(δsW) sW + (δZe) c2

W

)
s2

WZ∗n1,1 − ((δZe) sW − δsW) c3
WZ∗n1,2

) (
sαZ∗n2,3 + cαZ∗n2,4

)
+(

sαZ∗n1,3 + cαZ∗n1,4
) ((

(δsW) sW + (δZe) c2
W

)
s2

WZ∗n2,1 − ((δZe) sW − δsW) c3
WZ∗n2,2

)
26



C
248

(
χ̃0

n1, χ̃0
n2, H0

)
=

ie
4s2

W


( 2 )sW

cW
+

2( 1 )

c3
W

1
c3

W

(
2( 3 ) + ( 4 )sWc2

W

)


4 =

((cαZ1,3 − sαZ1,4) (sWZn2,1 − cWZn2,2) + (sWZ1,1 − cWZ1,2) (cαZn2,3 − sαZn2,4)) δZχ̃0 ,L
n1,1 +

((cαZ2,3 − sαZ2,4) (sWZn2,1 − cWZn2,2) + (sWZ2,1 − cWZ2,2) (cαZn2,3 − sαZn2,4)) δZχ̃0 ,L
n1,2 +

((cαZ3,3 − sαZ3,4) (sWZn2,1 − cWZn2,2) + (sWZ3,1 − cWZ3,2) (cαZn2,3 − sαZn2,4)) δZχ̃0 ,L
n1,3 +

((cαZ4,3 − sαZ4,4) (sWZn2,1 − cWZn2,2) + (sWZ4,1 − cWZ4,2) (cαZn2,3 − sαZn2,4)) δZχ̃0 ,L
n1,4 −

(δZhH) ((sαZn1,3 + cαZn1,4) (sWZn2,1 − cWZn2,2) + (sWZn1,1 − cWZn1,2) (sαZn2,3 + cαZn2,4)) +

(δZHH) ((cαZn1,3 − sαZn1,4) (sWZn2,1 − cWZn2,2) + (sWZn1,1 − cWZn1,2) (cαZn2,3 − sαZn2,4)) +

((cαZ1,3 − sαZ1,4) (sWZn1,1 − cWZn1,2) + (sWZ1,1 − cWZ1,2) (cαZn1,3 − sαZn1,4)) δZχ̃0 ,R
1,n2 +

((cαZ2,3 − sαZ2,4) (sWZn1,1 − cWZn1,2) + (sWZ2,1 − cWZ2,2) (cαZn1,3 − sαZn1,4)) δZχ̃0 ,R
2,n2 +

((cαZ3,3 − sαZ3,4) (sWZn1,1 − cWZn1,2) + (sWZ3,1 − cWZ3,2) (cαZn1,3 − sαZn1,4)) δZχ̃0 ,R
3,n2 +

((cαZ4,3 − sαZ4,4) (sWZn1,1 − cWZn1,2) + (sWZ4,1 − cWZ4,2) (cαZn1,3 − sαZn1,4)) δZχ̃0 ,R
4,n2

3 =
− (cαZn2,3 − sαZn2,4)

(
((δZe) sW − δsW) Zn1,2c3

W − Zn1,1

(
(δsW) sW + (δZe) c2

W

)
s2

W

)
−

(cαZn1,3 − sαZn1,4)
(
((δZe) sW − δsW) Zn2,2c3

W − Zn2,1

(
(δsW) sW + (δZe) c2

W

)
s2

W

)

2 =

δZχ̃0 ,R
n1,1

((
cαZ∗1,3 − sαZ∗1,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗1,1 − cWZ∗1,2

) (
cαZ∗n2,3 − sαZ∗n2,4

))
+

δZχ̃0 ,R
n1,2

((
cαZ∗2,3 − sαZ∗2,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗2,1 − cWZ∗2,2

) (
cαZ∗n2,3 − sαZ∗n2,4

))
+

δZχ̃0 ,R
n1,3

((
cαZ∗3,3 − sαZ∗3,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗3,1 − cWZ∗3,2

) (
cαZ∗n2,3 − sαZ∗n2,4

))
+

δZχ̃0 ,R
n1,4

((
cαZ∗4,3 − sαZ∗4,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗4,1 − cWZ∗4,2

) (
cαZ∗n2,3 − sαZ∗n2,4

))
−

(δZhH)
((

sαZ∗n1,3 + cαZ∗n1,4
) (

sWZ∗n2,1 − cWZ∗n2,2
)
+
(
sWZ∗n1,1 − cWZ∗n1,2

) (
sαZ∗n2,3 + cαZ∗n2,4

))
+

(δZHH)
((

cαZ∗n1,3 − sαZ∗n1,4
) (

sWZ∗n2,1 − cWZ∗n2,2
)
+
(
sWZ∗n1,1 − cWZ∗n1,2

) (
cαZ∗n2,3 − sαZ∗n2,4

))
+

δZχ̃0 ,L
1,n2

((
cαZ∗1,3 − sαZ∗1,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗1,1 − cWZ∗1,2

) (
cαZ∗n1,3 − sαZ∗n1,4

))
+

δZχ̃0 ,L
2,n2

((
cαZ∗2,3 − sαZ∗2,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗2,1 − cWZ∗2,2

) (
cαZ∗n1,3 − sαZ∗n1,4

))
+

δZχ̃0 ,L
3,n2

((
cαZ∗3,3 − sαZ∗3,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗3,1 − cWZ∗3,2

) (
cαZ∗n1,3 − sαZ∗n1,4

))
+

δZχ̃0 ,L
4,n2

((
cαZ∗4,3 − sαZ∗4,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗4,1 − cWZ∗4,2

) (
cαZ∗n1,3 − sαZ∗n1,4

))
27



1 =

((
(δsW) sW + (δZe) c2

W

)
s2

WZ∗n1,1 − ((δZe) sW − δsW) c3
WZ∗n1,2

) (
cαZ∗n2,3 − sαZ∗n2,4

)
+(

cαZ∗n1,3 − sαZ∗n1,4
) ((

(δsW) sW + (δZe) c2
W

)
s2

WZ∗n2,1 − ((δZe) sW − δsW) c3
WZ∗n2,2

)

C
249

(
χ̃0

n1, χ̃0
n2, A0

)
=

e
4c3

Ws2
W

 2

4


4 =

(2sβZn2,3 − 2cβZn2,4)
(
((δZe) sW − δsW) Zn1,2c3

W − Zn1,1

(
(δsW) sW + (δZe) c2

W

)
s2

W

)
− ( 3 )sWc2

W +

2 (sβZn1,3 − cβZn1,4)
(
((δZe) sW − δsW) Zn2,2c3

W − Zn2,1

(
(δsW) sW + (δZe) c2

W

)
s2

W

)

3 =

((sβZ1,3 − cβZ1,4) (sWZn2,1 − cWZn2,2) + (sWZ1,1 − cWZ1,2) (sβZn2,3 − cβZn2,4)) δZχ̃0 ,L
n1,1 +

((sβZ2,3 − cβZ2,4) (sWZn2,1 − cWZn2,2) + (sWZ2,1 − cWZ2,2) (sβZn2,3 − cβZn2,4)) δZχ̃0 ,L
n1,2 +

((sβZ3,3 − cβZ3,4) (sWZn2,1 − cWZn2,2) + (sWZ3,1 − cWZ3,2) (sβZn2,3 − cβZn2,4)) δZχ̃0 ,L
n1,3 +

((sβZ4,3 − cβZ4,4) (sWZn2,1 − cWZn2,2) + (sWZ4,1 − cWZ4,2) (sβZn2,3 − cβZn2,4)) δZχ̃0 ,L
n1,4 +

(((δZAA) sβ − (δZAG) cβ) Zn1,3 − ((δZAA) cβ + (δZAG) sβ) Zn1,4) (sWZn2,1 − cWZn2,2) +

(sWZn1,1 − cWZn1,2) (((δZAA) sβ − (δZAG) cβ) Zn2,3 − ((δZAA) cβ + (δZAG) sβ) Zn2,4) +

((sβZ1,3 − cβZ1,4) (sWZn1,1 − cWZn1,2) + (sWZ1,1 − cWZ1,2) (sβZn1,3 − cβZn1,4)) δZχ̃0 ,R
1,n2 +

((sβZ2,3 − cβZ2,4) (sWZn1,1 − cWZn1,2) + (sWZ2,1 − cWZ2,2) (sβZn1,3 − cβZn1,4)) δZχ̃0 ,R
2,n2 +

((sβZ3,3 − cβZ3,4) (sWZn1,1 − cWZn1,2) + (sWZ3,1 − cWZ3,2) (sβZn1,3 − cβZn1,4)) δZχ̃0 ,R
3,n2 +

((sβZ4,3 − cβZ4,4) (sWZn1,1 − cWZn1,2) + (sWZ4,1 − cWZ4,2) (sβZn1,3 − cβZn1,4)) δZχ̃0 ,R
4,n2

2 =
( 1 )sWc2

W +
((

(δsW) sW + (δZe) c2
W

)
s2

WZ∗n1,1 − ((δZe) sW − δsW) c3
WZ∗n1,2

) (
2sβZ∗n2,3 − 2cβZ∗n2,4

)
+

2
(
sβZ∗n1,3 − cβZ∗n1,4

) ((
(δsW) sW + (δZe) c2

W

)
s2

WZ∗n2,1 − ((δZe) sW − δsW) c3
WZ∗n2,2

)

28



1 =

δZχ̃0 ,R
n1,1

((
sβZ∗1,3 − cβZ∗1,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗1,1 − cWZ∗1,2

) (
sβZ∗n2,3 − cβZ∗n2,4

))
+

δZχ̃0 ,R
n1,2

((
sβZ∗2,3 − cβZ∗2,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗2,1 − cWZ∗2,2

) (
sβZ∗n2,3 − cβZ∗n2,4

))
+

δZχ̃0 ,R
n1,3

((
sβZ∗3,3 − cβZ∗3,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗3,1 − cWZ∗3,2

) (
sβZ∗n2,3 − cβZ∗n2,4

))
+

δZχ̃0 ,R
n1,4

((
sβZ∗4,3 − cβZ∗4,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗4,1 − cWZ∗4,2

) (
sβZ∗n2,3 − cβZ∗n2,4

))
+

(δZAA)
((

sβZ∗n1,3 − cβZ∗n1,4
) (

sWZ∗n2,1 − cWZ∗n2,2
)
+
(
sWZ∗n1,1 − cWZ∗n1,2

) (
sβZ∗n2,3 − cβZ∗n2,4

))
−

(δZAG)
((

cβZ∗n1,3 + sβZ∗n1,4
) (

sWZ∗n2,1 − cWZ∗n2,2
)
+
(
sWZ∗n1,1 − cWZ∗n1,2

) (
cβZ∗n2,3 + sβZ∗n2,4

))
+

δZχ̃0 ,L
1,n2

((
sβZ∗1,3 − cβZ∗1,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗1,1 − cWZ∗1,2

) (
sβZ∗n1,3 − cβZ∗n1,4

))
+

δZχ̃0 ,L
2,n2

((
sβZ∗2,3 − cβZ∗2,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗2,1 − cWZ∗2,2

) (
sβZ∗n1,3 − cβZ∗n1,4

))
+

δZχ̃0 ,L
3,n2

((
sβZ∗3,3 − cβZ∗3,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗3,1 − cWZ∗3,2

) (
sβZ∗n1,3 − cβZ∗n1,4

))
+

δZχ̃0 ,L
4,n2

((
sβZ∗4,3 − cβZ∗4,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗4,1 − cWZ∗4,2

) (
sβZ∗n1,3 − cβZ∗n1,4

))

C
250

(
χ̃0

n1, χ̃0
n2, G0

)
=

e
4c3

Ws2
W

 −2( 1 )− ( 2 )sWc2
W

2( 3 ) + ( 4 )sWc2
W



4 =

((cβZ1,3 + sβZ1,4) (sWZn2,1 − cWZn2,2) + (sWZ1,1 − cWZ1,2) (cβZn2,3 + sβZn2,4)) δZχ̃0 ,L
n1,1 +

((cβZ2,3 + sβZ2,4) (sWZn2,1 − cWZn2,2) + (sWZ2,1 − cWZ2,2) (cβZn2,3 + sβZn2,4)) δZχ̃0 ,L
n1,2 +

((cβZ3,3 + sβZ3,4) (sWZn2,1 − cWZn2,2) + (sWZ3,1 − cWZ3,2) (cβZn2,3 + sβZn2,4)) δZχ̃0 ,L
n1,3 +

((cβZ4,3 + sβZ4,4) (sWZn2,1 − cWZn2,2) + (sWZ4,1 − cWZ4,2) (cβZn2,3 + sβZn2,4)) δZχ̃0 ,L
n1,4 −

(δZAG) ((sβZn1,3 − cβZn1,4) (sWZn2,1 − cWZn2,2) + (sWZn1,1 − cWZn1,2) (sβZn2,3 − cβZn2,4)) +

(δZGG) ((cβZn1,3 + sβZn1,4) (sWZn2,1 − cWZn2,2) + (sWZn1,1 − cWZn1,2) (cβZn2,3 + sβZn2,4)) +

((cβZ1,3 + sβZ1,4) (sWZn1,1 − cWZn1,2) + (sWZ1,1 − cWZ1,2) (cβZn1,3 + sβZn1,4)) δZχ̃0 ,R
1,n2 +

((cβZ2,3 + sβZ2,4) (sWZn1,1 − cWZn1,2) + (sWZ2,1 − cWZ2,2) (cβZn1,3 + sβZn1,4)) δZχ̃0 ,R
2,n2 +

((cβZ3,3 + sβZ3,4) (sWZn1,1 − cWZn1,2) + (sWZ3,1 − cWZ3,2) (cβZn1,3 + sβZn1,4)) δZχ̃0 ,R
3,n2 +

((cβZ4,3 + sβZ4,4) (sWZn1,1 − cWZn1,2) + (sWZ4,1 − cWZ4,2) (cβZn1,3 + sβZn1,4)) δZχ̃0 ,R
4,n2

3 =
− (cβZn2,3 + sβZn2,4)

(
((δZe) sW − δsW) Zn1,2c3

W − Zn1,1

(
(δsW) sW + (δZe) c2

W

)
s2

W

)
−

(cβZn1,3 + sβZn1,4)
(
((δZe) sW − δsW) Zn2,2c3

W − Zn2,1

(
(δsW) sW + (δZe) c2

W

)
s2

W

)
29



2 =

δZχ̃0 ,R
n1,1

((
cβZ∗1,3 + sβZ∗1,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗1,1 − cWZ∗1,2

) (
cβZ∗n2,3 + sβZ∗n2,4

))
+

δZχ̃0 ,R
n1,2

((
cβZ∗2,3 + sβZ∗2,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗2,1 − cWZ∗2,2

) (
cβZ∗n2,3 + sβZ∗n2,4

))
+

δZχ̃0 ,R
n1,3

((
cβZ∗3,3 + sβZ∗3,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗3,1 − cWZ∗3,2

) (
cβZ∗n2,3 + sβZ∗n2,4

))
+

δZχ̃0 ,R
n1,4

((
cβZ∗4,3 + sβZ∗4,4

) (
sWZ∗n2,1 − cWZ∗n2,2

)
+
(
sWZ∗4,1 − cWZ∗4,2

) (
cβZ∗n2,3 + sβZ∗n2,4

))
−

(δZAG)
((

sβZ∗n1,3 − cβZ∗n1,4
) (

sWZ∗n2,1 − cWZ∗n2,2
)
+
(
sWZ∗n1,1 − cWZ∗n1,2

) (
sβZ∗n2,3 − cβZ∗n2,4

))
+

(δZGG)
((

cβZ∗n1,3 + sβZ∗n1,4
) (

sWZ∗n2,1 − cWZ∗n2,2
)
+
(
sWZ∗n1,1 − cWZ∗n1,2

) (
cβZ∗n2,3 + sβZ∗n2,4

))
+

δZχ̃0 ,L
1,n2

((
cβZ∗1,3 + sβZ∗1,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗1,1 − cWZ∗1,2

) (
cβZ∗n1,3 + sβZ∗n1,4

))
+

δZχ̃0 ,L
2,n2

((
cβZ∗2,3 + sβZ∗2,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗2,1 − cWZ∗2,2

) (
cβZ∗n1,3 + sβZ∗n1,4

))
+

δZχ̃0 ,L
3,n2

((
cβZ∗3,3 + sβZ∗3,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗3,1 − cWZ∗3,2

) (
cβZ∗n1,3 + sβZ∗n1,4

))
+

δZχ̃0 ,L
4,n2

((
cβZ∗4,3 + sβZ∗4,4

) (
sWZ∗n1,1 − cWZ∗n1,2

)
+
(
sWZ∗4,1 − cWZ∗4,2

) (
cβZ∗n1,3 + sβZ∗n1,4

))
1 =

((
(δsW) sW + (δZe) c2

W

)
s2

WZ∗n1,1 − ((δZe) sW − δsW) c3
WZ∗n1,2

) (
cβZ∗n2,3 + sβZ∗n2,4

)
+(

cβZ∗n1,3 + sβZ∗n1,4
) ((

(δsW) sW + (δZe) c2
W

)
s2

WZ∗n2,1 − ((δZe) sW − δsW) c3
WZ∗n2,2

)

[FFS] 2 Quarks – Higgs

C
184

(
ug1, ug2, h0

)
= −

ieδg1,g2

4M3
Ws2

Ws2
β



2cαsWsβM2
Wδmug

g1 +
sWsαsβ (δZhH) M2

W− 2 (sβ (δsW) + sW (δsβ)) M2
W +

sWsβ
(
δM2

W −M2
W

(
2 (δZe) + δZhh + δZu,R

g2,g2 + δZu,L
g1,g1

))
 cα

mug1

2cαsWsβM2
Wδmug

g1 +
sWsαsβ (δZhH) M2

W− 2 (sβ (δsW) + sW (δsβ)) M2
W +

sWsβ
(
δM2

W −M2
W

(
2 (δZe) + δZhh + δZu,L

g2,g2 + δZu,R
g1,g1

))
 cα

mug1



C
185

(
dg1, dg2, h0

)
=

ieδg1,g2

4c2
βM3

Ws2
W

 1

2


30



2 = 2cβsαsWM2
Wδmdg

g1 −mdg1

 sα
(

2 (δcβ) sWM2
W − cβ

(
2 ((δZe) sW − δsW) M2

W − sWδM2
W

))
+

cβsW

(
(δZhH) cα − sα

(
δZhh + δZd,L

g2,g2 + δZd,R
g1,g1

))
M2

W



1 = 2cβsαsWM2
Wδmdg

g1 −mdg1

 sα
(

2 (δcβ) sWM2
W − cβ

(
2 ((δZe) sW − δsW) M2

W − sWδM2
W

))
+

cβsW

(
(δZhH) cα − sα

(
δZhh + δZd,R

g2,g2 + δZd,L
g1,g1

))
M2

W



C
192

(
ug1, ug2, A0

)
=

eδg1,g2

8M3
Ws2

Ws2
β



2s2βsWM2
Wδmug

g1 + s2β

(
2 (sW (δZe)− δsW) M2

W − sWδM2
W

)
−

sWM2
W

(
4cβ (δsβ)− 2 (δZAG) s2

β − s2β

(
δZAA + δZu,R

g2,g2 + δZu,L
g1,g1

))
mug1

−2s2βsWM2
Wδmug

g1− s2β

(
2 (sW (δZe)− δsW) M2

W − sWδM2
W

)
−

sWM2
W

(
4cβ (δsβ)− 2 (δZAG) s2

β − s2β

(
δZAA + δZu,L

g2,g2 + δZu,R
g1,g1

))
mug1



C
193

(
ug1, ug2, G0

)
=

eδg1,g2

4sβM3
Ws2

W



2sWsβM2
Wδmug

g1 + sW

(
2 (sβ (δZe)− δsβ) M2

W − sβδM2
W

)
−

M2
W

(
2sβ (δsW)− sW

(
cβ (δZAG) + sβ

(
δZGG + δZu,R

g2,g2 + δZu,L
g1,g1

)))
mug1

−2sWsβM2
Wδmug

g1− sW

(
2 (sβ (δZe)− δsβ) M2

W − sβδM2
W

)
−

M2
W

(
2sβ (δsW)− sW

(
cβ (δZAG) + sβ

(
δZGG + δZu,L

g2,g2 + δZu,R
g1,g1

)))
mug1



C
194

(
dg1, dg2, A0

)
=

eδg1,g2

4c2
βM3

Ws2
W




s2β (sW (δZe)− δsW) M2

W− sβ
(

2 (δcβ) M2
W + cβδM2

W

)
+

cβM2
W

(
cβ (δZAG)− sβ

(
δZAA + δZd,R

g2,g2 + δZd,L
g1,g1

))
 sW

mdg1 + s2βsWM2
Wδmdg

g1

−


s2β (sW (δZe)− δsW) M2

W− sβ
(

2 (δcβ) M2
W + cβδM2

W

)
+

cβM2
W

(
cβ (δZAG)− sβ

(
δZAA + δZd,L

g2,g2 + δZd,R
g1,g1

))
 sW

mdg1 − s2βsWM2
Wδmdg

g1


31



C
195

(
dg1, dg2, G0

)
=

eδg1,g2

4cβM3
Ws2

W



−2cβsWM2
Wδmdg

g1 + cβ
(

2 (δsW) M2
W + sWδM2

W

)
+

sWM2
W

(
2 (δcβ) + sβ (δZAG)− cβ

(
2 (δZe) + δZGG + δZd,R

g2,g2 + δZd,L
g1,g1

))
mdg1

2cβsWM2
Wδmdg

g1− cβ
(

2 (δsW) M2
W + sWδM2

W

)
+

sWM2
W

(
2 (δcβ) + sβ (δZAG)− cβ

(
2 (δZe) + δZGG + δZd,L

g2,g2 + δZd,R
g1,g1

))
mdg1



C
204

(
ug1, ug2, H0

)
= −

ieδg1,g2

4M3
Ws2

Ws2
β

 1

2


2 = 2sαsβsWM2

Wδmug
g1 −mug1

 sα
(

2 (δsW) sβM2
W − sW

(
2 ((δZe) sβ − δsβ) M2

W − sβδM2
W

))
−

sWsβ
(
(δZhH) cα + sα

(
δZHH + δZu,L

g2,g2 + δZu,R
g1,g1

))
M2

W



1 = 2sαsβsWM2
Wδmug

g1 −mug1

 sα
(

2 (δsW) sβM2
W − sW

(
2 ((δZe) sβ − δsβ) M2

W − sβδM2
W

))
−

sWsβ
(
(δZhH) cα + sα

(
δZHH + δZu,R

g2,g2 + δZu,L
g1,g1

))
M2

W



C
205

(
dg1, dg2, H0

)
= −

ieδg1,g2

4c2
βM3

Ws2
W

 1

2


2 = 2cαcβsWM2

Wδmdg
g1 −mdg1

2cαsWM2
W (δcβ)− cβ

 cα
(

2 ((δZe) sW − δsW) M2
W − sWδM2

W

)
−

sW

(
(δZhH) sα − cα

(
δZHH + δZd,L

g2,g2 + δZd,R
g1,g1

))
M2

W



1 = 2cαcβsWM2
Wδmdg

g1 −mdg1

2cαsWM2
W (δcβ)− cβ

 cα
(

2 ((δZe) sW − δsW) M2
W − sWδM2

W

)
−

sW

(
(δZhH) sα − cα

(
δZHH + δZd,R

g2,g2 + δZd,L
g1,g1

))
M2

W



C
208

(
ug1, dg2, H−

)
=

ie√
2M3

Ws2
W


1

2c2
β

(
( 1 )CKM∗g1,g2 + mdg2 s2βsWM2

WδCKM∗g1,g2

)
1

4s2
β

(
( 2 )CKM∗g1,g2 + 2mug1 s2βsWM2

WδCKM∗g1,g2

)

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2 = mug1

s2β
(
2M2

W (sW (δZe)− δsW)− sWδM2
W

)
− sWM2

W

 4 (δsβ) cβ − 2 (δZG−H−) s2
β−

s2β

(
δZH−H− + δZd,L

g2,g2 + δZu,R
g1,g1

)
+ 2s2βsWM2

Wδmug
g1

1 = mdg2

s2βM2
W (sW (δZe)− δsW)− sW

 sβ
(

cβδM2
W + 2 (δcβ) M2

W

)
+

cβ
(
(δZG−H−) cβ − sβ

(
δZH−H− + δZd,R

g2,g2 + δZu,L
g1,g1

))
M2

W

+ s2βsWM2
Wδmdg

g2

C
209

(
ug1, dg2, G−

)
=

ie
2
√

2M3
Ws2

W


− 1

cβ

2
sβ



2 =

2mug1 sWsβδCKM∗g1,g2M2
W +

CKM∗g1,g2

 sW

(
2 ((δZe) sβ − δsβ) M2

W − sβδM2
W

)
−(

2 (δsW) sβ − sW

(
(δZH−G−) cβ + sβ

(
δZG−G− + δZd,L

g2,g2 + δZu,R
g1,g1

)))
M2

W

mug1 + 2sWsβδmug
g1M2

W



1 = CKM∗g1,g2

2cβsWM2
Wδmdg

g2 −mdg2


cβ
(

sWδM2
W + 2 (δsW) M2

W

)
+ 2 (δcβ) + (δZH−G−) sβ−

cβ
(

2 (δZe) + δZG−G− + δZd,R
g2,g2 + δZu,L

g1,g1

)
 sWM2

W


+ 2cβsWmdg2 M2

WδCKM∗g1,g2

C
210

(
dg1, ug2, H+

)
=

ie
4
√

2M3
Ws2

W


1
s2
β

(
( 1 )mug2 + 2CKMg2,g1s2βsWM2

Wδmug
g2

)
1
c2
β

(
( 2 )mdg1 + 2CKMg2,g1s2βsWM2

Wδmdg
g1

)


2 = CKMg2,g1

s2β
(
2M2

W (sW (δZe)− δsW)− sWδM2
W

)
− sWM2

W

 4 (δcβ) sβ + 2 (δZH−G−) c2
β−

s2β

(
δZH−H− + δZu,L

g2,g2 + δZd,R
g1,g1

)
+ 2s2βsWM2

W

(
δCKMg2,g1

)

1 = CKMg2,g1

s2β
(
2M2

W (sW (δZe)− δsW)− sWδM2
W

)
− sWM2

W

 4 (δsβ) cβ − 2 (δZH−G−) s2
β−

s2β

(
δZH−H− + δZu,R

g2,g2 + δZd,L
g1,g1

)
+ 2s2βsWM2

W

(
δCKMg2,g1

)
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C
211

(
dg1, ug2, G+

)
=

ie
2
√

2M3
Ws2

W


1
sβ

(
( 1 )mug2 + 2CKMg2,g1sWsβM2

Wδmug
g2

)
− 2

cβ



2 = CKMg2,g1

2cβsWM2
Wδmdg

g1 −mdg1


cβ
(

sWδM2
W + 2 (δsW) M2

W

)
+ 2 (δcβ) + (δZG−H−) sβ−

cβ
(

2 (δZe) + δZG−G− + δZu,L
g2,g2 + δZd,R

g1,g1

)
 sWM2

W


+ 2cβsWmdg1 M2

W

(
δCKMg2,g1

)

1 = CKMg2,g1

 sW

(
2 ((δZe) sβ − δsβ) M2

W − sβδM2
W

)
−(

2 (δsW) sβ − sW

(
(δZG−H−) cβ + sβ

(
δZG−G− + δZu,R

g2,g2 + δZd,L
g1,g1

)))
M2

W

+ 2sβsWM2
W

(
δCKMg2,g1

)

[FFV] Chargino – Neutralino – Gauge Boson

C
276

(
χ̃0

n1, χ̃+c2, W−
)
=

ie
4s2

W

 1

2



2 =

 2Uc2,1

(
δZχ̃0 ,R

n1,1 Z∗1,2 + δZχ̃0 ,R
n1,2 Z∗2,2 + δZχ̃0 ,R

n1,3 Z∗3,2 + δZχ̃0 ,R
n1,4 Z∗4,2

)
+

√
2Uc2,2

(
δZχ̃0 ,R

n1,1 Z∗1,3 + δZχ̃0 ,R
n1,2 Z∗2,3 + δZχ̃0 ,R

n1,3 Z∗3,3 + δZχ̃0 ,R
n1,4 Z∗4,3

)
 sW +

2

 sW

(
U1,1δZχ̃− ,L

c2,1 + U2,1δZχ̃− ,L
c2,2

)
−

(2 (δsW)− (2 (δZe) + δZW) sW)Uc2,1

 Z∗n1,2 +

√
2

 sW

(
U1,2δZχ̃− ,L

c2,1 + U2,2δZχ̃− ,L
c2,2

)
−

(2 (δsW)− (2 (δZe) + δZW) sW)Uc2,2

 Z∗n1,3

1 =

sW

(
2Zn1,2

(
δZχ̃− ,R

c2,1 V∗1,1 + δZχ̃− ,R
c2,2 V∗2,1

)
−
√

2Zn1,4

(
δZχ̃− ,R

c2,1 V∗1,2 + δZχ̃− ,R
c2,2 V∗2,2

))
−

2
(
(2 (δsW)− (2 (δZe) + δZW) sW) Zn1,2 − sW

(
Z1,2δZχ̃0 ,L

n1,1 + Z2,2δZχ̃0 ,L
n1,2 + Z3,2δZχ̃0 ,L

n1,3 + Z4,2δZχ̃0 ,L
n1,4

))
V∗c2,1 +

√
2
(
(2 (δsW)− (2 (δZe) + δZW) sW) Zn1,4 − sW

(
Z1,4δZχ̃0 ,L

n1,1 + Z2,4δZχ̃0 ,L
n1,2 + Z3,4δZχ̃0 ,L

n1,3 + Z4,4δZχ̃0 ,L
n1,4

))
V∗c2,2
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C
277

(
χ̃−c1, χ̃0

n2, W+
)
=

ie
4s2

W

 1

2



2 =

sW

(
2Zn2,2

(
δZχ̃− ,L

1,c1 U∗1,1 + δZχ̃− ,L
2,c1 U∗2,1

)
+
√

2Zn2,3

(
δZχ̃− ,L

1,c1 U∗1,2 + δZχ̃− ,L
2,c1 U∗2,2

))
+

2
(((

2 (δZe) + δZW
)

sW − 2 (δsW)
)

Zn2,2 + sW

(
Z1,2δZχ̃0 ,R

1,n2 + Z2,2δZχ̃0 ,R
2,n2 + Z3,2δZχ̃0 ,R

3,n2 + Z4,2δZχ̃0 ,R
4,n2

))
U∗c1,1 +

√
2
(((

2 (δZe) + δZW
)

sW − 2 (δsW)
)

Zn2,3 + sW

(
Z1,3δZχ̃0 ,R

1,n2 + Z2,3δZχ̃0 ,R
2,n2 + Z3,3δZχ̃0 ,R

3,n2 + Z4,3δZχ̃0 ,R
4,n2

))
U∗c1,2

1 =

2

 ((
2 (δZe) + δZW

)
sW − 2 (δsW)

)
Vc1,1 +

sW

(
V1,1δZχ̃− ,R

1,c1 + V2,1δZχ̃− ,R
2,c1

)
 Z∗n2,2−

√
2

 ((
2 (δZe) + δZW

)
sW − 2 (δsW)

)
Vc1,2 +

sW

(
V1,2δZχ̃− ,R

1,c1 + V2,2δZχ̃− ,R
2,c1

)
 Z∗n2,4 + 2Vc1,1

(
δZχ̃0 ,L

1,n2 Z∗1,2 + δZχ̃0 ,L
2,n2 Z∗2,2 + δZχ̃0 ,L

3,n2 Z∗3,2 + δZχ̃0 ,L
4,n2 Z∗4,2

)
−

√
2Vc1,2

(
δZχ̃0 ,L

1,n2 Z∗1,4 + δZχ̃0 ,L
2,n2 Z∗2,4 + δZχ̃0 ,L

3,n2 Z∗3,4 + δZχ̃0 ,L
4,n2 Z∗4,4

)
 sW

[FFV] 2 Charginos – Gauge Boson

C
278

(
χ̃+c1, χ̃−c2,γ

)
=

ie
4cWsW



(δZZγ)
(
2Uc1,1U∗c2,1 + Uc1,2U∗c2,2

)
−

2

 sW (δZZγ)− cW (2 (δZe) + δZγγ) −

cW

(
δZχ̃− ,L

c1,1 + δZχ̃− ,L
c1,2 + δZχ̃− ,L

1,c2 + δZχ̃− ,L
2,c2

)
 sW

−2

 sW (δZZγ)− cW (2 (δZe) + δZγγ) −

cW

(
δZχ̃− ,R

c1,1 + δZχ̃− ,R
c1,2 + δZχ̃− ,R

1,c2 + δZχ̃− ,R
2,c2

)
 sW + (δZZγ)

(
2Vc2,1V∗c1,1 + Vc2,2V∗c1,2

)



C
279

(
χ̃+c1, χ̃−c2, Z

)
=

ie
4c3

Ws2
W

 2

4



4 =

2sWVc2,1

(
c2

W

(
δZχ̃− ,R

c1,1 V∗1,1 + δZχ̃− ,R
c1,2 V∗2,1

)
+ 2 (δsW) sWV∗c1,1

)
− ( 3 )c2

W−

Vc2,2

((
(2 (δsW)− (2 (δZe) + δZZZ) sW) c2

W − 2 (δsW) s2
W

)
V∗c1,2 − sWc2

W

(
δZχ̃− ,R

c1,1 V∗1,2 + δZχ̃− ,R
c1,2 V∗2,2

))
−

s2
W

(
2 (2 (δsW) + (2 (δZe) + δZZZ) sW) c2

W − 2 (δZγZ) c3
W + 4 (δsW) s2

W

)
35



3 = sW

 δZχ̃− ,R
1,c2

(
2s2

W − 2V1,1V∗c1,1 −V1,2V∗c1,2

)
+

δZχ̃− ,R
2,c2

(
2s2

W − 2V2,1V∗c1,1 −V2,2V∗c1,2

)
+ 2s3

W

(
δZχ̃− ,R

c1,1 + δZχ̃− ,R
c1,2

)
+ 2Vc2,1V∗c1,1 (2 (δsW)− sW (2 (δZe) + δZZZ))

2 =

−( 1 )c2
W − s2

W

(
2 (2 (δsW) + (2 (δZe) + δZZZ) sW) c2

W − 2 (δZγZ) c3
W + 4 (δsW) s2

W − 4 (δsW)Uc1,1U∗c2,1

)
+

sW

Uc1,2

(
2 (δsW) sW + (2 (δZe) + δZZZ) c2

W

)
U∗c2,2 −

 δZχ̃− ,L
1,c2

(
2s2

W − 2Uc1,1U∗1,1 −Uc1,2U∗1,2

)
+

δZχ̃− ,L
2,c2

(
2s2

W − 2Uc1,1U∗2,1 −Uc1,2U∗2,2

)
 c2

W



1 =
2
(
δZχ̃− ,L

c1,1 + δZχ̃− ,L
c1,2

)
s3

W +
(

2 (δsW)Uc1,2 − sW

(
U1,2δZχ̃− ,L

c1,1 + U2,2δZχ̃− ,L
c1,2

))
U∗c2,2 +

2
(
(2 (δsW)− (2 (δZe) + δZZZ) sW)Uc1,1 − sW

(
U1,1δZχ̃− ,L

c1,1 + U2,1δZχ̃− ,L
c1,2

))
U∗c2,1

[FFV] 2 Gluinos – Gluon

C
453
(g̃, g̃, g) = −1

2
gs f g1,g2,g3

 δZgg + 2
(
δZgs + δZL

g̃

)
δZgg + 2

(
δZgs + δZR

g̃

)


[FFV] 2 Leptons – Gauge Boson

C
196

(
eg1, eg2,γ

)
= ieδg1,g2


1
4

(
4 (δZe) + 2 (δZγγ) +

1
cWsW

(
δZZγ − 2 (δZZγ) s2

W

)
+ 2

(
δZe,L

g1,g1 + δZe,L
g1,g1

))
− 1

2cW

(
sW (δZZγ)− cW

(
2 (δZe) + δZγγ + δZe,R

g1,g1 + δZe,R
g1,g1

))


C
199

(
νg1,νg2, Z

)
= −

ieδg1,g2

4c3
Ws2

W

(
2 (δsW) s2

W − c2
W

(
2 (δsW)− sW

(
2 (δZe) + δZZZ + δZν,L

g1,g1 + δZν,L
g1,g1

)))  1

0



C
200

(
eg1, eg2, Z

)
= −

ieδg1,g2

c3
W


1

4s2
W

(
2
(
δsW − (δZγZ) c3

W

)
s2

W + c2
W

(
2 (δsW) + sW

(
1− 2c2

W

) (
2 (δZe) + δZZZ + δZe,L

g1,g1 + δZe,L
g1,g1

)))
1
2

(
2 (δsW)− c2

W

(
cW (δZγZ)− sW

(
2 (δZe) + δZZZ + δZe,R

g1,g1 + δZe,R
g1,g1

)))

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C
206

(
eg1,νg2, W−

)
=

ieδg1,g2

2
√

2s2
W

(
2 (δsW)− sW

(
2 (δZe) + δZW + δZe,L

g1,g1 + δZν,L
g1,g1

))  1

0



C
207

(
νg1, eg2, W+

)
=

ieδg1,g2

2
√

2s2
W

(
2 (δsW)− sW

(
2 (δZe) + δZW + δZν,L

g1,g1 + δZe,L
g1,g1

))  1

0



C
447

(
νg1,νg2,γ

)
= −

ieδg1,g2 (δZZγ)

4cWsW

 1

0



[FFV] 2 Neutralinos – Gauge Boson

C
275

(
χ̃0

n1, χ̃0
n2, Z

)
=

ie
4c3

Ws2
W

 1

2



2 =

 Zn2,3

(
δZχ̃0 ,R

n1,1 Z∗1,3 + δZχ̃0 ,R
n1,2 Z∗2,3 + δZχ̃0 ,R

n1,3 Z∗3,3 + δZχ̃0 ,R
n1,4 Z∗4,3

)
−

Zn2,4

(
δZχ̃0 ,R

n1,1 Z∗1,4 + δZχ̃0 ,R
n1,2 Z∗2,4 + δZχ̃0 ,R

n1,3 Z∗3,4 + δZχ̃0 ,R
n1,4 Z∗4,4

)
 sWc2

W−

 Zn2,3

(
(2 (δsW)− (2 (δZe) + δZZZ) sW) c2

W − 2 (δsW) s2
W

)
−

sW

(
Z1,3δZχ̃0 ,R

1,n2 + Z2,3δZχ̃0 ,R
2,n2 + Z3,3δZχ̃0 ,R

3,n2 + Z4,3δZχ̃0 ,R
4,n2

)
c2

W

 Z∗n1,3 + Zn2,4

(
(2 (δsW)− (2 (δZe) + δZZZ) sW) c2

W − 2 (δsW) s2
W

)
−

sW

(
Z1,4δZχ̃0 ,R

1,n2 + Z2,4δZχ̃0 ,R
2,n2 + Z3,4δZχ̃0 ,R

3,n2 + Z4,4δZχ̃0 ,R
4,n2

)
c2

W

 Z∗n1,4
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1 =

−


 sW

(
Z1,3δZχ̃0 ,L

n1,1 + Z2,3δZχ̃0 ,L
n1,2 + Z3,3δZχ̃0 ,L

n1,3 + Z4,3δZχ̃0 ,L
n1,4

)
−

(2 (δsW)− (2 (δZe) + δZZZ) sW) Zn1,3

 c2
W + 2 (δsW) Zn1,3s2

W

 Z∗n2,3 +
 sW

(
Z1,4δZχ̃0 ,L

n1,1 + Z2,4δZχ̃0 ,L
n1,2 + Z3,4δZχ̃0 ,L

n1,3 + Z4,4δZχ̃0 ,L
n1,4

)
−

(2 (δsW)− (2 (δZe) + δZZZ) sW) Zn1,4

 c2
W + 2 (δsW) Zn1,4s2

W

 Z∗n2,4− Zn1,3

(
δZχ̃0 ,L

1,n2 Z∗1,3 + δZχ̃0 ,L
2,n2 Z∗2,3 + δZχ̃0 ,L

3,n2 Z∗3,3 + δZχ̃0 ,L
4,n2 Z∗4,3

)
−

Zn1,4

(
δZχ̃0 ,L

1,n2 Z∗1,4 + δZχ̃0 ,L
2,n2 Z∗2,4 + δZχ̃0 ,L

3,n2 Z∗3,4 + δZχ̃0 ,L
4,n2 Z∗4,4

)
 sWc2

W

C
406

(
χ̃0

n1, χ̃0
n2,γ

)
=

ie (δZZγ)

4cWsW

 −Zn1,3Z∗n2,3 + Zn1,4Z∗n2,4

Zn2,3Z∗n1,3 − Zn2,4Z∗n1,4



[FFV] 2 Quarks – Gauge Boson

C
197

(
ug1, ug2,γ

)
= − ie

cW


1

12sW

(
δg1,g2

(
4cWsW (2 (δZe) + δZγγ)− (δZZγ)

(
1− 4c2

W

))
+ 4cWsW

(
δZu,L

g2,g1 + δZu,L
g1,g2

))
−1

3

(
δg1,g2 (sW (δZZγ)− cW (2 (δZe) + δZγγ))− cW

(
δZu,R

g2,g1 + δZu,R
g1,g2

))


C
198

(
dg1, dg2,γ

)
=

ie
cW


1

12sW

(
δg1,g2

(
δZZγ + 2

(
cWsW (2 (δZe) + δZγγ) + (δZZγ) c2

W

))
+ 2cWsW

(
δZd,L

g2,g1 + δZd,L
g1,g2

))
−1

6

(
δg1,g2 (sW (δZZγ)− cW (2 (δZe) + δZγγ))− cW

(
δZd,R

g2,g1 + δZd,R
g1,g2

))


C
201

(
ug1, ug2, Z

)
=

ie
c3

W


1

12s2
W

 (
6 (δsW) + sW (2 (δZe) + δZZZ)

(
1− 4c2

W

))
c2

W +

2
(
δsW − 2 (δZγZ) c3

W

)
s2

W

 δg1,g2 + sW

(
1− 4c2

W

)
c2

W

(
δZu,L

g2,g1 + δZu,L
g1,g2

)
1
3

(
δg1,g2

(
2 (δsW) + (sW (2 (δZe) + δZZZ)− cW (δZγZ)) c2

W

)
+ sWc2

W

(
δZu,R

g2,g1 + δZu,R
g1,g2

))



C
202

(
dg1, dg2, Z

)
=

ie
c3

W


1

12s2
W

−
 c2

W

(
6 (δsW)− sW (2 (δZe) + δZZZ)

(
1 + 2c2

W

))
−

2
(
δsW + (δZγZ) c3

W

)
s2

W

 δg1,g2 + sWc2
W

(
1 + 2c2

W

) (
δZd,L

g2,g1 + δZd,L
g1,g2

)
−1

6

(
δg1,g2

(
2 (δsW) + (sW (2 (δZe) + δZZZ)− cW (δZγZ)) c2

W

)
+ sWc2

W

(
δZd,R

g2,g1 + δZd,R
g1,g2

))


38



C
212

(
dg1, ug2, W−

)
=

ie( 1 )

2
√

2s2
W

 1

0


1 = CKM∗g2,g1 (2 (δsW)− sW (2 (δZe) + δZW))− sW

 2δCKM∗g2,g1 + CKM∗g2,1δZd,L
g1,1 + CKM∗g2,2δZd,L

g1,2 + CKM∗g2,3δZd,L
g1,3 + CKM∗1,g1δZu,L

1,g2 +

CKM∗2,g1δZu,L
2,g2 + CKM∗3,g1δZu,L

3,g2



C
213

(
ug1, dg2, W+

)
=

ie( 1 )

2
√

2s2
W

 1

0


1 = CKMg1,g2 (2 (δsW)− sW (2 (δZe) + δZW))− sW

 2
(
δCKMg1,g2

)
+ CKM1,g2δZu,L

g1,1 + CKM2,g2δZu,L
g1,2 + CKM3,g2δZu,L

g1,3 + CKMg1,1δZd,L
1,g2 +

CKMg1,2δZd,L
2,g2 + CKMg1,3δZd,L

3,g2



[FFV] 2 Quarks – Gluon

C
451

(
ug1, ug2, g

)
= −1

2
igsδg1,g2Tg3

c1,c2

 2
(
δZgs

)
+ δZgg + δZu,L

g1,g1 + δZu,L
g2,g2

2
(
δZgs

)
+ δZgg + δZu,R

g1,g1 + δZu,R
g2,g2



C
452

(
dg1, dg2, g

)
= −1

2
igsδg1,g2Tg3

c1,c2

 2
(
δZgs

)
+ δZgg + δZd,L

g1,g1 + δZd,L
g2,g2

2
(
δZgs

)
+ δZgg + δZd,R

g1,g1 + δZd,R
g2,g2



[SSS] 3 Higgs

C
43

(
h0, h0, h0

)
=

[
− 3ie( 1 )

4MWc4
Ws2

W

]

1 =
c2α

(
4 (δsW) sα+βM2

Ws2
W − c2

W

(
2 (δsW) sα+βM2

W − sW

(
sα+βδM2

W +
(
(2 (δZe) + 3 (δZhh)) sα+β + 2 (δtβ) cα+βc2

β

)
M2

W

)))
−

(δZhH) sW (c2αcα+β − 2s2αsα+β) c2
WM2

W

39



C
44

(
h0, h0, H0

)
=

[
− ie( 1 )

4MWc4
Ws2

W

]

1 =

 sWsα+βc2
W

(
δZhH + 2 (δtβ) c2

β

)
M2

W−

cα+β

(
4 (δsW) M2

Ws2
W − c2

W

(
2 (δsW) M2

W − sW

(
δM2

W + (2 (δZe + δZhh) + δZHH) M2
W

)))
 c2α +

2s2α

4 (δsW) sα+βM2
Ws2

W −

 2 (δsW) sα+βM2
W−

sW

(
sα+βδM2

W +
(
(2 (δZe + δZhh) + δZHH) sα+β − 2cα+β

(
δZhH − (δtβ) c2

β

))
M2

W

)
 c2

W



C
45

(
h0, H0, H0

)
=

[
− ie( 1 )

4MWc4
Ws2

W

]

1 =

 4s2αsWc2
W

(
δZhH + (δtβ) c2

β

)
M2

W−

c2α

(
4 (δsW) M2

Ws2
W − c2

W

(
(2 (δsW)− (2 (δZe) + δZhh + 2 (δZHH)) sW) M2

W − sWδM2
W

))
 sα+β−

cα+β

8 (δsW) s2αM2
Ws2

W − c2
W

4 (δsW) s2αM2
W −

 2s2αδM2
W +(

(4 (δZe) + 2 (δZhh) + 4 (δZHH)) s2α − c2α

(
δZhH − 2 (δtβ) c2

β

))
M2

W

 sW



C
46

(
H0, H0, H0

)
=

[
3ie( 1 )

4MWc4
Ws2

W

]

1 = c2α

 sWsα+βc2
W

(
δZhH + 2 (δtβ) c2

β

)
M2

W−

cα+β

(
4 (δsW) M2

Ws2
W − c2

W

(
(2 (δsW)− (2 (δZe) + 3 (δZHH)) sW) M2

W − sWδM2
W

))
+ 2s2αcα+βsWc2

WM2
W (δZhH)

C
47

(
h0, A0, A0

)
=

[
− ie( 1 )

4MWc4
Ws2

W

]

1 =

2 (δZAG) s2βsWsα+βc2
WM2

W +

c2β

4 (δsW) sα+βM2
Ws2

W −

 2 (δsW) sα+βM2
W−

sW

(
sα+βδM2

W +
(
(2 (δZe) + 2 (δZAA) + δZhh) sα+β − cα+β

(
δZhH − 2 (δtβ) c2

β

))
M2

W

)
 c2

W



C
48

(
h0, G0, G0

)
=

[
− ie( 1 )

4MWc4
Ws2

W

]

40



1 =

2 (δZAG) s2βsWsα+βc2
WM2

W−

c2β

4 (δsW) sα+βM2
Ws2

W −

 2 (δsW) sα+βM2
W−

sW

(
sα+βδM2

W +
(
(2 (δZe) + 2 (δZGG) + δZhh) sα+β − cα+β

(
δZhH − 2 (δtβ) c2

β

))
M2

W

)
 c2

W



C
49

(
h0, A0, G0

)
=

 − ies2β

4MWc4
Ws2

W

−


2sα+β (δsW) M2
W−

sW

 sα+β (2 (δZe) + δZAA + δZGG + δZhh) −

cα+β

(
δZhH − 2 (δtβ) c2

β

)
M2

W + sα+βδM2
W


 c2

W + 4sα+β (δsW) M2
Ws2

W




C
50

(
H0, A0, A0

)
=

[
− ie( 1 )

4MWc4
Ws2

W

]

1 = c2β

 sWsα+βc2
W

(
δZhH + 2 (δtβ) c2

β

)
M2

W−

cα+β

(
4 (δsW) M2

Ws2
W − c2

W

(
2 (δsW) M2

W − sW

(
δM2

W + (2 (δZe) + 2 (δZAA) + δZHH) M2
W

)))
− 2s2βcα+βsWc2

WM2
W (δZAG)

C
51

(
H0, G0, G0

)
=

[
ie( 1 )

4MWc4
Ws2

W

]

1 = c2β

 sWsα+βc2
W

(
δZhH + 2 (δtβ) c2

β

)
M2

W−

cα+β

(
4 (δsW) M2

Ws2
W − c2

W

(
2 (δsW) M2

W − sW

(
δM2

W + (2 (δZe) + 2 (δZGG) + δZHH) M2
W

)))
+ 2s2βcα+βsWc2

WM2
W (δZAG)

C
52

(
H0, A0, G0

)
=

 − ies2β

4MWc4
Ws2

W

 sWsα+βc2
W

(
δZhH + 2 (δtβ) c2

β

)
M2

W−

cα+β

(
4 (δsW) M2

Ws2
W − c2

W

(
2 (δsW) M2

W − sW

(
(2 (δZe) + δZAA + δZGG + δZHH) M2

W + δM2
W

)))
 

C
53

(
h0, H−, H+

)
=

[
ie

4MWc4
Ws2

W

(
( 1 )c2β − ( 2 )c2

W

) ]

2 =

sWM2
W

(
(δZG−H− + δZH−G−) s2βsα+βs2

W − sα
(

2 ((δsβ) s2β − (δZhH) sβ) c2
W + (δcβ)

(
2− 4c2

βs2
W

)))
+

cβ
(

2 (δsW) sαM2
W + sW

((
(δZhH) cα −

(
2 (δZe) + δZH−H− + δZhh + δZH−H−

)
sα
)

M2
W − sαδM2

W

)) (
−2c2

βs2
W + 2c2

Ws2
β + 1

)
+

2cα
(
(δsβ) sWM2

W

(
1− 2s2

Ws2
β

)
− c2

W

(
2 (δsW) sβM2

W − sW

(
sβδM2

W +
(
(δcβ) s2β +

(
2 (δZe) + δZH−H− + δZhh + δZH−H−

)
sβ
)

M2
W

)))

1 =
−sW

(
4 (δsW) sWsα+β + (δZhH) sαsβc2

W − (δZG−H− + δZH−G−) cα+βc4
W

)
M2

W +

cαsβc2
W

(
2 (δsW) M2

W − sW

(
δM2

W +
(
2 (δZe) + δZH−H− + δZhh + δZH−H−

)
M2

W

))
41



C
54

(
h0, G−, G+

)
=

 ie
4MWc4

Ws2
W

( 1 )c2β −

 cα (δsβ)
(

2− 4c2
βs2

W

)
− sα (δcβ)

(
2− 4s2

Ws2
β

)
−

s2β

(
2 (cα (δcβ)− sα (δsβ)) c2

W − sα+β (δZG−H− + δZH−G−) s2
W

)
 sWc2

WM2
W

 

1 =
−c2

W

(
2 (δsW) sα+βM2

W + sW

(
((δZhH) cα+β − (2 (δZe) + δZhh + 2 (δZG−G−)) sα+β) M2

W − sα+βδM2
W

))
+

M2
W

(
(δZG−H− + δZH−G−) cα+βsWc4

W + 4 (δsW) sα+βs2
W

)

C
55

(
h0, H−, G+

)
=

 − ie
4MWc4

Ws2
W

( 1 )sW −

 sWsα+β

(
δZhH − 2 (δtβ) c2

β

)
M2

W−

cα+β

(
2 (δsW) M2

W − sW

(
(2 (δZe) + δZhh + δZG−G− + δZH−H−) M2

W + δM2
W

))
 c2βc4

W

 

1 =

2M2
W

(
(δZG−H−) sβ-αc4

W + 2 (δsW) s2βsα+βs3
W

)
+

s2βsWc2
W

2 (δsW) sα+βM2
W + sW

sα+βδM2
W −

 cα+β

(
δZhH − 2 (δtβ) c2

β

)
−

(2 (δZe) + δZhh + δZG−G− + δZH−H−) sα+β

M2
W



C
56

(
h0, G−, H+

)
=

 − ie
4MWc4

Ws2
W

( 1 )sW −

 sWsα+β

(
δZhH − 2 (δtβ) c2

β

)
M2

W−

cα+β

(
2 (δsW) M2

W − sW

((
2 (δZe) + δZH−H− + δZhh + δZG−G−

)
M2

W + δM2
W

))
 c2βc4

W

 

1 =

M2
W

(
4 (δsW) s2βsα+βs3

W + (δZH−G−) c4
W

(
cα+βs2β − 2sαc3

β + 2cαs3
β

))
+

s2βsWc2
W

2 (δsW) sα+βM2
W + sW

sα+βδM2
W −

 cα+β

(
δZhH − 2 (δtβ) c2

β

)
−(

2 (δZe) + δZH−H− + δZhh + δZG−G−
)

sα+β

M2
W



C
57

(
H0, H−, H+

)
=

 − ie
4MWc4

Ws2
W

−
 M2

W

(
sWsα+β (δZG−H− + δZH−G−) c4

W + 4cα+β (δsW) s2
W

)
+

sαsβc2
W

(
2 (δsW) M2

W − sW

((
2 (δZe) + δZH−H− + δZHH + δZH−H−

)
M2

W + δM2
W

))
 c2β + ( 2 )c2

W

 

2 =
( 1 )cα − sWM2

W

(
(δZG−H− + δZH−G−) cα+βs2βs2

W + sα
(
(δZhH)

(
cβ − 2c3

βs2
W

)
− (δsβ)

(
2− 4s2

Ws2
β

)))
−

2sαc2
W

(
2 (δsW) sβM2

W − sW

(
(δcβ) s2βM2

W − sβ

((
1
2

s2β (δZhH)− 2 (δZe)− δZH−H− − δZHH − δZH−H−

)
M2

W − δM2
W

)))

1 =
sWM2

W

(
2 (δsβ) s2βc2

W + (δZhH) sβ
(

c2β + 2c2
W

)
+ (δcβ)

(
2− 4c2

βs2
W

))
−

cβ
(

2 (δsW) M2
W − sW

(
δM2

W +
(
2 (δZe) + δZH−H− + δZHH + δZH−H−

)
M2

W

)) (
−2c2

βs2
W + 2c2

Ws2
β + 1

)

C
58

(
H0, G−, G+

)
=

[
− ie( 2 )

4MWc4
Ws2

W

]
42



2 =

−c2β

(
( 1 )c2

W + M2
W

(
(δZG−H− + δZH−G−) sWsα+βc4

W − 4 (δsW) cα+βs2
W

))
+ (δsβ) sα

(
2− 4c2

βs2
W

)
+ (δcβ) cα

(
2− 4s2

Ws2
β

)
−

s2β

(
2 ((δsβ) cα + (δcβ) sα) c2

W + (δZG−H− + δZH−G−) cα+βs2
W

)
 sWc2

WM2
W

1 =
(δZhH) sWsα+βM2

W + cαcβ
(

2 (δsW) M2
W − sW

(
δM2

W + (2 (δZe) + δZHH + 2 (δZG−G−)) M2
W

))
−

sαsβ
(
(2 (δsW)− (2 (δZe) + δZHH + 2 (δZG−G−)) sW) M2

W − sWδM2
W

)

C
59

(
H0, H−, G+

)
=

 − ie
4MWc4

Ws2
W

( 1 )sW +


2sα+β (δsW) M2

W−

sW

 cα+β

(
δZhH + 2 (δtβ) c2

β

)
+

sα+β (2 (δZe) + δZHH + δZG−G− + δZH−H−)

M2
W + sα+βδM2

W


 c2βc4

W




1 =
c2

WM2
W

(
s2βsα+β

(
δZhH + 2 (δtβ) c2

β

)
s2

W + (δZG−H−) c2
W

(
s2β (2cβsα − sα+β) + 2

(
cα
(

s2βsβ + c3
β

)
+ sαs3

β

)))
−

cα+βs2βsW

(
c2

W

(
sWδM2

W + (2 (δsW) + (2 (δZe) + δZHH + δZG−G− + δZH−H−) sW) M2
W

)
+ 4 (δsW) M2

Ws2
W

)

C
60

(
H0, G−, H+

)
=

 − ie
4MWc4

Ws2
W

( 1 )sW +


2sα+β (δsW) M2

W−

sW

 cα+β

(
δZhH + 2 (δtβ) c2

β

)
+

sα+β
(
2 (δZe) + δZH−H− + δZHH + δZG−G−

)
M2

W + sα+βδM2
W


 c2βc4

W




1 =
−cα+βs2βsW

(
c2

W

(
sWδM2

W +
(
2 (δsW) +

(
2 (δZe) + δZH−H− + δZHH + δZG−G−

)
sW
)

M2
W

)
+ 4 (δsW) M2

Ws2
W

)
+

c2
WM2

W

(
s2βsα+β

(
δZhH + 2 (δtβ) c2

β

)
s2

W + (δZH−G−) c2
W

(
s2βsα+β + 2cαc3

β + 2sαs3
β

))

C
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(
A0, H−, G+

)
=

[ e
4MWs2

W

(
(2 (δsW)− sW (2 (δZe) + δZAA + δZH−H−)) M2

W − sW

(
(2 (cβ (δcβ) + sβ (δsβ)) + δZG−G−) M2

W + δM2
W

)) ]

C
62

(
A0, G−, H+

)
=

[
− e

4MWs2
W

(
(2 (δsW)− sW (2 (δZe) + δZAA + δZG−G−)) M2

W − sW

((
δZH−H− + 2 (cβ (δcβ) + sβ (δsβ))

)
M2

W + δM2
W

)) ]

C
63

(
G0, H−, G+

)
=

[
− eMW

4sW
(2sβ (δcβ)− 2cβ (δsβ) + δZAG)

]

C
64

(
G0, G−, H+

)
=

[
eMW

4sW
(2sβ (δcβ)− 2cβ (δsβ) + δZAG)

]
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C
214

(
A0, ẽs2

g2, ẽs3,†
g3

)
=

 eδg2,g3

4c2
βM3

Ws2
W

( 1 )meg2 sW −


(
( 3 )cβ + ( 2 )meg2

)
sW−

2

 (
µcβ + sβAe∗

g2,g2

)
U ẽg2∗

s2,2 U ẽg2
s3,1−(

cβµ∗ + sβAe
g2,g2

)
U ẽg2∗

s2,1 U ẽg2
s3,2

 cβmeg2 (δsW)

M2
W




3 = 2δmeg
g2

 (
µcβ + sβAe∗

g2,g2

)
U ẽg2∗

s2,2 U ẽg2
s3,1−(

cβµ∗ + sβAe
g2,g2

)
U ẽg2∗

s2,1 U ẽg2
s3,2

−meg2

 (
cβµ∗ + sβAe

g2,g2

) (
δZẽg2

1,s2U ẽg2∗
1,1 + δZẽg2

2,s2U ẽg2∗
2,1

)
U ẽg2

s3,2−(
µcβ + sβAe∗

g2,g2

) (
δZẽg2

1,s2U ẽg2∗
1,2 + δZẽg2

2,s2U ẽg2∗
2,2

)
U ẽg2

s3,1



2 =

(
s2βδAe∗

g2,g2 + 2(δµ)c2
β

)
U ẽg2∗

s2,2 U ẽg2
s3,1 −

(
s2βδAe

g2,g2 + 2δµ∗c2
β

)
U ẽg2∗

s2,1 U ẽg2
s3,2 + (

µcβ + sβAe∗
g2,g2

) (
δZẽg3

1,s3U ẽg2
1,1 + δZẽg3

2,s3U ẽg2
2,1

)
U ẽg2∗

s2,2 −(
cβµ∗ + sβAe

g2,g2

) (
δZẽg3

1,s3U ẽg2
1,2 + δZẽg3

2,s3U ẽg2
2,2

)
U ẽg2∗

s2,1

 cβ

1 =

−

 (
µsβ − cβAe∗

g2,g2

)
U ẽg2∗

s2,2 U ẽg2
s3,1−(

sβµ∗ − cβAe
g2,g2

)
U ẽg2∗

s2,1 U ẽg2
s3,2

 (δZAG) cβM2
W +

 (
µcβ + sβAe∗

g2,g2

)
U ẽg2∗

s2,2 U ẽg2
s3,1−(

cβµ∗ + sβAe
g2,g2

)
U ẽg2∗

s2,1 U ẽg2
s3,2

(cβδM2
W + (2 (δcβ)− (2 (δZe) + δZAA) cβ) M2

W

)

C
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(
G0, ẽs2

g2, ẽs3,†
g3

)
=

[
e( 3 )δg2,g3

4c2
βM3

Ws2
W

]

3 =

 (
µsβ − cβAe∗

g2,g2

)
U ẽg2∗

s2,2 U ẽg2
s3,1−(

sβµ∗ − cβAe
g2,g2

)
U ẽg2∗

s2,1 U ẽg2
s3,2

meg2 sW

(
cβδM2

W + (2 (δcβ)− (2 (δZe) + δZGG) cβ) M2
W

)
−

( 2 )sW − 2

 (
µsβ − cβAe∗

g2,g2

)
U ẽg2∗

s2,2 U ẽg2
s3,1−(

sβµ∗ − cβAe
g2,g2

)
U ẽg2∗

s2,1 U ẽg2
s3,2

 (δsW) cβmeg2

M2
W

2 = meg2

 ( 1 )cβ − 2δAe∗
g2,g2c2

βU ẽg2∗
s2,2 U ẽg2

s3,1−(
s2βδµ

∗ − 2δAe
g2,g2c2

β

)
U ẽg2∗

s2,1 U ẽg2
s3,2

+ 2cβδmeg
g2

 (
µsβ − cβAe∗

g2,g2

)
U ẽg2∗

s2,2 U ẽg2
s3,1−(

sβµ∗ − cβAe
g2,g2

)
U ẽg2∗

s2,1 U ẽg2
s3,2


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1 =

−
(

sβµ∗ − cβAe
g2,g2

) (
δZẽg3

1,s3U ẽg2
1,2 + δZẽg3

2,s3U ẽg2
2,2

)
U ẽg2∗

s2,1 +

U ẽg2∗
s2,2

((
µsβ − cβAe∗

g2,g2

) (
δZẽg3

1,s3U ẽg2
1,1 + δZẽg3

2,s3U ẽg2
2,1

)
+ 2(δµ)sβU ẽg2

s3,1

)
+

(δZAG)
((

µcβ + sβAe∗
g2,g2

)
U ẽg2∗

s2,2 U ẽg2
s3,1 −

(
cβµ∗ + sβAe

g2,g2

)
U ẽg2∗

s2,1 U ẽg2
s3,2

)
+

δZẽg2
1,s2

((
µsβ − cβAe∗

g2,g2

)
U ẽg2∗

1,2 U ẽg2
s3,1 −

(
sβµ∗ − cβAe

g2,g2

)
U ẽg2∗

1,1 U ẽg2
s3,2

)
+

δZẽg2
2,s2

((
µsβ − cβAe∗

g2,g2

)
U ẽg2∗

2,2 U ẽg2
s3,1 −

(
sβµ∗ − cβAe

g2,g2

)
U ẽg2∗

2,1 U ẽg2
s3,2

)

C
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(
h0, ν̃g2, ν̃†g3

)
=

[
−

ie( 1 )δg2,g3

4MZc3
Ws2

W

]

1 =
c2

W

(
2 (δsW) sα+βM2

Z − sW

(
sα+βδM2

Z + 2
(
(δZe) sα+β + (δtβ) cα+βc2

β

)
M2

Z

))
−

M2
Z

(
2 (δsW) sα+βs2

W − sW

(
(δZhH) cα+β − sα+β

(
δZhh + δZν̃

1,1 + δZν̃
1,1

))
c2

W

)

C
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(
H0, ν̃g2, ν̃†g3

)
=

 − ieδg2,g3

4MZc3
Ws2

W


cα+βc2

W

(
2 (sW (δZe)− δsW) M2

Z + sWδM2
Z

)
+ 2cα+βsW (δsW) −

c2
W

(
sα+β

(
δZhH + 2 (δtβ) c2

β

)
− cα+β

(
δZHH + δZν̃

1,1 + δZν̃
1,1

))
 sWM2

Z




C
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(
h0, ẽs2

g2, ẽs3,†
g3

)
=


(

1
4

ieδg2,g3

)
4

cβMW
+

10
sW

+

2

(
sα+β (δsW)

c3
W

+
cα+β (δtβ) c2

β

cWsW

)
MZ

((
1− 2c2

W

)
U ẽg2∗

s2,1 U ẽg2
s3,1 − 2s2

WU ẽg2∗
s2,2 U ẽg2

s3,2

)



10 =

9
cβMW

+
sα+βδM2

Z
cWMZ

((
1− 2c2

W

)
U ẽg2∗

s2,1 U ẽg2
s3,1 − 2s2

WU ẽg2∗
s2,2 U ẽg2

s3,2

)
−

meg2

c2
βM3

W

 U ẽg2∗
s2,2

((
µcα + sαAe∗

g2,g2

)
U ẽg2

s3,1 + 2meg2 sαU ẽg2
s3,2

)
+

U ẽg2∗
s2,1

(
2meg2 sαU ẽg2

s3,1 +
(

cαµ∗ + sαAe
g2,g2

)
U ẽg2

s3,2

)
(cβδM2

W + 2 (δcβ) M2
W

)

9 =

1
cW

(
( 5 ) (2 (δZe) + δZhh)− ( 6 ) (δZhH) + ( 7 )δZẽg2

1,s2 + ( 8 )δZẽg2
2,s2

)
+

2

 U ẽg2∗
s2,2

((
µcα + sαAe∗

g2,g2

)
U ẽg2

s3,1 + 4meg2 sαU ẽg2
s3,2

)
+

U ẽg2∗
s2,1

(
4meg2 sαU ẽg2

s3,1 +
(

cαµ∗ + sαAe
g2,g2

)
U ẽg2

s3,2

)
 δmeg

g2

8 =
U ẽg2∗

2,1

((
cβMWMZsα+β

(
1− 2c2

W

)
+ 2cWsαm2

eg2

)
U ẽg2

s3,1 + cWmeg2

(
cαµ∗ + sαAe

g2,g2

)
U ẽg2

s3,2

)
+

U ẽg2∗
2,2

(
cWmeg2

(
µcα + sαAe∗

g2,g2

)
U ẽg2

s3,1 +
(

2cWsαm2
eg2
− 2cβMWMZsα+βs2

W

)
U ẽg2

s3,2

)
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7 =
U ẽg2∗

1,1

((
cβMWMZsα+β

(
1− 2c2

W

)
+ 2cWsαm2

eg2

)
U ẽg2

s3,1 + cWmeg2

(
cαµ∗ + sαAe

g2,g2

)
U ẽg2

s3,2

)
+

U ẽg2∗
1,2

(
cWmeg2

(
µcα + sαAe∗

g2,g2

)
U ẽg2

s3,1 +
(

2cWsαm2
eg2
− 2cβMWMZsα+βs2

W

)
U ẽg2

s3,2

)

6 =
−U ẽg2∗

s2,2

(
cWmeg2

(
µsα − cαAe∗

g2,g2

)
U ẽg2

s3,1 − 2
(

cWcαm2
eg2
− cα+βcβMWMZs2

W

)
U ẽg2

s3,2

)
+

U ẽg2∗
s2,1

((
cα+βcβMWMZ

(
1− 2c2

W

)
+ 2cWcαm2

eg2

)
U ẽg2

s3,1 − cWmeg2

(
sαµ∗ − cαAe

g2,g2

)
U ẽg2

s3,2

)

5 =
U ẽg2∗

s2,1

((
cβMWMZsα+β

(
1− 2c2

W

)
+ 2cWsαm2

eg2

)
U ẽg2

s3,1 + cWmeg2

(
cαµ∗ + sαAe

g2,g2

)
U ẽg2

s3,2

)
+

U ẽg2∗
s2,2

(
cWmeg2

(
µcα + sαAe∗

g2,g2

)
U ẽg2

s3,1 +
(

2cWsαm2
eg2
− 2cβMWMZsα+βs2

W

)
U ẽg2

s3,2

)

4 = 1
sW

2meg2

 (
(δµ)cα + sαδAe∗

g2,g2

)
U ẽg2∗

s2,2 U ẽg2
s3,1 +(

cαδµ∗ + sαδAe
g2,g2

)
U ẽg2∗

s2,1 U ẽg2
s3,2

+ 1
cW

(
( 1 )δZẽg3

1,s3 + ( 2 )δZẽg3
2,s3

)+
2( 3 )(δsW)

cWs2
W

3 =
U ẽg2∗

s2,1

((
cβMWMZsα+β

(
3− 2c2

W

)
− 2cWsαm2

eg2

)
U ẽg2

s3,1 − cWmeg2

(
cαµ∗ + sαAe

g2,g2

)
U ẽg2

s3,2

)
−

U ẽg2∗
s2,2

(
cWmeg2

(
µcα + sαAe∗

g2,g2

)
U ẽg2

s3,1 + 2
(

cWsαm2
eg2

+ cβMWMZsα+βs2
W

)
U ẽg2

s3,2

)

2 =

((
cβMWMZsα+β

(
1− 2c2

W

)
+ 2cWsαm2

eg2

)
U ẽg2

2,1 + cWmeg2

(
cαµ∗ + sαAe

g2,g2

)
U ẽg2

2,2

)
U ẽg2∗

s2,1 +(
cWmeg2

(
µcα + sαAe∗

g2,g2

)
U ẽg2

2,1 +
(

2cWsαm2
eg2
− 2cβMWMZsα+βs2

W

)
U ẽg2

2,2

)
U ẽg2∗

s2,2

1 =

((
cβMWMZsα+β

(
1− 2c2

W

)
+ 2cWsαm2

eg2

)
U ẽg2

1,1 + cWmeg2

(
cαµ∗ + sαAe

g2,g2

)
U ẽg2

1,2

)
U ẽg2∗

s2,1 +(
cWmeg2

(
µcα + sαAe∗

g2,g2

)
U ẽg2

1,1 +
(

2cWsαm2
eg2
− 2cβMWMZsα+βs2

W

)
U ẽg2

1,2

)
U ẽg2∗

s2,2

C
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(
H0, ẽs2

g2, ẽs3,†
g3

)
=

[ ieδg2,g3

4s2
W

(
( 9 )sW −

1
cWcβMW

(
( 1 )U ẽg2∗

s2,1 − ( 2 )U ẽg2∗
s2,2

)) ]

9 =

− 8
cβMW

− 1
cW

(
1

cβMW

(
( 3 )U ẽg2∗

s2,1 − ( 4 )U ẽg2∗
s2,2

)
+

cα+βδM2
Z

MZ

((
1− 2c2

W

)
U ẽg2∗

s2,1 U ẽg2
s3,1 − 2s2

WU ẽg2∗
s2,2 U ẽg2

s3,2

))
−

meg2

c2
βM3

W

 U ẽg2∗
s2,2

((
µsα − cαAe∗

g2,g2

)
U ẽg2

s3,1 − 2cαmeg2U ẽg2
s3,2

)
−

U ẽg2∗
s2,1

(
2cαmeg2U ẽg2

s3,1 −
(

sαµ∗ − cαAe
g2,g2

)
U ẽg2

s3,2

)
(cβδM2

W + 2 (δcβ) M2
W

)
−

2MZ

c3
W

(
(δsW) cα+βsW − (δtβ) sα+βc2

Wc2
β

) ((
1− 2c2

W

)
U ẽg2∗

s2,1 U ẽg2
s3,1 − 2s2

WU ẽg2∗
s2,2 U ẽg2

s3,2

)

8 = 1
cW

(
( 6 )δZẽg2

1,s2 + ( 7 )δZẽg2
2,s2 + ( 5 ) (2 (δZe) + δZHH)

)
− 2δmeg

g2

 U ẽg2∗
s2,2

((
µsα − cαAe∗

g2,g2

)
U ẽg2

s3,1 − 4cαmeg2U ẽg2
s3,2

)
−

U ẽg2∗
s2,1

(
4cαmeg2U ẽg2

s3,1 −
(

sαµ∗ − cαAe
g2,g2

)
U ẽg2

s3,2

)

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7 =
−U ẽg2∗

2,2

(
cWmeg2

(
µsα − cαAe∗

g2,g2

)
U ẽg2

s3,1 − 2
(

cWcαm2
eg2
− cα+βcβMWMZs2

W

)
U ẽg2

s3,2

)
+

U ẽg2∗
2,1

((
cα+βcβMWMZ

(
1− 2c2

W

)
+ 2cWcαm2

eg2

)
U ẽg2

s3,1 − cWmeg2

(
sαµ∗ − cαAe

g2,g2

)
U ẽg2

s3,2

)

6 =
−U ẽg2∗

1,2

(
cWmeg2

(
µsα − cαAe∗

g2,g2

)
U ẽg2

s3,1 − 2
(

cWcαm2
eg2
− cα+βcβMWMZs2

W

)
U ẽg2

s3,2

)
+

U ẽg2∗
1,1

((
cα+βcβMWMZ

(
1− 2c2

W

)
+ 2cWcαm2

eg2

)
U ẽg2

s3,1 − cWmeg2

(
sαµ∗ − cαAe

g2,g2

)
U ẽg2

s3,2

)

5 =
−U ẽg2∗

s2,2

(
cWmeg2

(
µsα − cαAe∗

g2,g2

)
U ẽg2

s3,1 − 2
(

cWcαm2
eg2
− cα+βcβMWMZs2

W

)
U ẽg2

s3,2

)
+

U ẽg2∗
s2,1

((
cα+βcβMWMZ

(
1− 2c2

W

)
+ 2cWcαm2

eg2

)
U ẽg2

s3,1 − cWmeg2

(
sαµ∗ − cαAe

g2,g2

)
U ẽg2

s3,2

)

4 =

2cWmeg2

(
(δµ)sα − cαδAe∗

g2,g2

)
U ẽg2

s3,1 +

δZẽg3
1,s3

(
2cα+βcβMWMZs2

WU ẽg2
1,2 + cW

(
meg2

(
µsα − cαAe∗

g2,g2

)
U ẽg2

1,1 − 2cαm2
eg2

U ẽg2
1,2

))
+

δZẽg3
2,s3

(
2cα+βcβMWMZs2

WU ẽg2
2,2 + cW

(
meg2

(
µsα − cαAe∗

g2,g2

)
U ẽg2

2,1 − 2cαm2
eg2

U ẽg2
2,2

))

3 =

−2cWmeg2

(
sαδµ∗ − cαδAe

g2,g2

)
U ẽg2

s3,2 +

δZẽg3
1,s3

((
cα+βcβMWMZ

(
1− 2c2

W

)
+ 2cWcαm2

eg2

)
U ẽg2

1,1 − cWmeg2

(
sαµ∗ − cαAe

g2,g2

)
U ẽg2

1,2

)
+

δZẽg3
2,s3

((
cα+βcβMWMZ

(
1− 2c2

W

)
+ 2cWcαm2

eg2

)
U ẽg2

2,1 − cWmeg2

(
sαµ∗ − cαAe

g2,g2

)
U ẽg2

2,2

)

2 = cW


2 (2 (δsW) cα + (δZhH) sWsα)m2

eg2
U ẽg2

s3,2− µ (2 (δsW) sα − (δZhH) cαsW) −

(2 (δsW) cα + (δZhH) sWsα) Ae∗
g2,g2

meg2U ẽg2
s3,1

+ 2cβMWMZs2
WU ẽg2

s3,2 (2cα+β (δsW)− sα+βsW (δZhH))

1 = cWmeg2U ẽg2
s3,2

 (2 (δsW) sα − (δZhH) cαsW)µ∗−

(2 (δsW) cα + (δZhH) sWsα) Ae
g2,g2

−U ẽg2
s3,1

 2cW (2 (δsW) cα + (δZhH) sWsα)m2
eg2

+

cβMWMZ

(
(δZhH) sWsα+β

(
1− 2c2

W

)
− 2 (δsW) cα+β

(
3− 2c2

W

))


C
230

(
H+, ẽs2

g2, ν̃†g3

)
=

[
ie( 3 )δg2,g3

2
√

2c2
βM3

Ws2
W

]

47



3 =

−
(
( 2 )meg3 − 2cβsWδmeg

g3

(
µcβ + sβAe∗

g3,g3

)
M2

W

)
U ẽg3∗

s2,2 − ( 1 )sW + meg3 s2β

(
(δsW)meg3 − 2sWδmeg

g3

)
M2

W−

2c3
β

(
(2 (δsW) sβ − (δsβ) sW) M4

W − sWsβδM2
WM2

W

)
U ẽg3∗

s2,1 +

 (
sβm2

eg3
− cβs2βM2

W

) (
δZẽg2

1,s2U ẽg3∗
1,1 + δZẽg2

2,s2U ẽg3∗
2,1

)
+

meg3

(
µcβ + sβAe∗

g3,g3

) (
δZẽg2

1,s2U ẽg3∗
1,2 + δZẽg2

2,s2U ẽg3∗
2,2

)
 cβsWM2

W

2 =

Ae∗
g3,g3

(
sW

(
2 (δcβ) sβ + (δZH−G−) c2

β

)
M2

W +
s2β

2

(
2 (δsW) M2

W − sW

((
2 (δZe) + δZH−H− + δZν̃

1,1

)
M2

W − δM2
W

)))
− cβ

(
2(δµ)sWM2

W −µ
(

sWδM2
W + 2 (δsW) M2

W

))
+

sW

(
2sβδAe∗

g3,g3 −µ
(

2 (δcβ)− (δZH−G−) sβ − cβ
(

2 (δZe) + δZH−H− + δZν̃
1,1

)))
M2

W

 cβ

1 =
cβ
((
δcβ +

(
2 (δZe) + δZH−H−

)
cβ
)

s2β − (δZH−G−) c2βcβ
)

M4
W−

1
2

(
s2βδZν̃

1,1 M2
W

(
m2

eg3
− 2c2

βM2
W

)
+ m2

eg3

(((
2 (δZe) + δZH−H−

)
s2β − 4 (δcβ) sβ − 2 (δZH−G−) c2

β

)
M2

W − s2βδM2
W

))

C
231

(
H−, ν̃g2, ẽs3,†

g3

)
=

[
−

ieδg2,g3

2
√

2c2
βM3

Ws2
W

(
( 2 )sW + ( 4 )U ẽg2

s3,1 + ( 3 )meg2U ẽg2
s3,2

) ]

4 =
meg2 s2β

(
(δsW)meg2 − 2sWδmeg

g2

)
M2

W − 2c3
β

(
(2 (δsW) sβ − (δsβ) sW) M4

W − sWsβδM2
WM2

W

)
−(

1
4

sWM4
W

)(
(δZG−H−)

(
4c4

β − s2
2β

)
− 4s2β

(
(δcβ) cβ +

(
2 (δZe) + δZH−H− + δZν̃

1,1
)

c2
β

))

3 =

c2
β

(
sWµ∗δM2

W + (2 (δsW)µ∗ − 2sWδµ∗) M2
W

)
− Ae

g2,g2

(
s2β ((δZe) sW − δsW) M2

W − sWsβ
(

cβδM2
W + 2 (δcβ) M2

W

))
−

(
1
2

sWM2
W

)
2s2βδAe

g2,g2−

Ae
g2,g2

(
2 (δZG−H−) c2

β − s2β
(
δZH−H− + δZν̃

1,1
))
−

µ∗
(

4 (δcβ) cβ − (δZG−H−) s2β − 2
(
2 (δZe) + δZH−H− + δZν̃

1,1
)

c2
β

)


2 =
M2

W

(
( 1 )cβ − δmeg

g2

(
s2βAe

g2,g2 + 2µ∗c2
β

)
U ẽg2

s3,2

)
+(

1
2

m2
eg2

U ẽg2
s3,1

)((
− (2 (δZe) + δZH−H−) s2β + 4 (δcβ) sβ + 2 (δZG−H−) c2

β

)
M2

W + s2β

(
δM2

W − δZν̃
1,1 M2

W

))

1 =
−δZẽg3

1,s3

((
sβm2

eg2
− cβs2βM2

W

)
U ẽg2

1,1 + meg2

(
cβµ∗ + sβAe

g2,g2

)
U ẽg2

1,2

)
−

δZẽg3
2,s3

((
sβm2

eg2
− cβs2βM2

W

)
U ẽg2

2,1 + meg2

(
cβµ∗ + sβAe

g2,g2

)
U ẽg2

2,2

)
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C
234

(
G+, ẽs2

g2, ν̃†g3

)
=

[
ieδg2,g3

2
√

2c2
βM3

Ws2
W

(
( 3 )cβ −U ẽg3∗

s2,2

(
( 1 )meg3 − sW

(
µs2β − 2Ae∗

g3,g3c2
β

)
M2

Wδmeg
g3

)) ]

3 = U ẽg3∗
s2,1

 ( 2 )sWM2
W + (δsW)

(
s2βsβ − 2c3

β

)
M4

W +

cβm2
eg3

(
sWδM2

W + 2 (δsW) M2
W

)
− sWM2

W

 cβ
(

m2
eg3
− c2βM2

W

) (
δZẽg2

1,s2U ẽg3∗
1,1 + δZẽg2

2,s2U ẽg3∗
2,1

)
−

meg3

(
µsβ − cβAe∗

g3,g3

) (
δZẽg2

1,s2U ẽg3∗
1,2 + δZẽg2

2,s2U ẽg3∗
2,2

)


2 =

(2 (δcβ)− (2 (δZe) + δZG−G−) cβ + (δZG−H−) sβ)m2
eg3
− cβδZν̃

1,1

(
m2

eg3
− c2βM2

W

)
−

1
2

 8cβmeg3δmeg
g3 +

(
s2βsβ − 2c3

β

) (
δM2

W + 2 (δZe) M2
W

)
+(

2 ((δsβ) s2β − cβ ((δZG−G−) c2β − (δZG−H−) s2β))− 4 (δcβ) c2
β

)
M2

W



1 =

−s2β ((δµ +µ (δZe)) sW −µ (δsW)) M2
W−

cβAe∗
g3,g3

(
sW

(
2 (δcβ) + (δZG−H−) sβ − cβδZν̃

1,1

)
M2

W + cβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZG−G−) M2

W − δM2
W

)))
−

sW

((
1
2

M2
W

)(
µs2β

(
δZG−G− + δZν̃

1,1

)
+
(

2µ (δZG−H−)− 4δAe∗
g3,g3

)
c2
β

)
−µsβ

(
cβδM2

W + 2 (δcβ) M2
W

))

C
235

(
G−, ν̃g2, ẽs3,†

g3

)
=

[
−

ie( 4 )δg2,g3

2
√

2c2
βM3

Ws2
W

]

4 =
( 1 )U ẽg2

s3,1 −M2
W

(
2 (δsW)meg2 Ae

g2,g2c2
βU ẽg2

s3,2 + sW

(
( 3 )cβ + δmeg

g2

(
s2βµ

∗ − 2Ae
g2,g2c2

β

)
U ẽg2

s3,2

))
−

meg2

(
( 2 )sW +µ∗

(
s2β ((δZe) sW − δsW) M2

W − sWsβ
(

cβδM2
W + 2 (δcβ) M2

W

)))
U ẽg2

s3,2

3 =

−δZẽg3
1,s3

(
cβ
(

m2
eg2
− c2βM2

W

)
U ẽg2

1,1 −meg2

(
sβµ∗ − cβAe

g2,g2

)
U ẽg2

1,2

)
−

δZẽg3
2,s3

(
cβ
(

m2
eg2
− c2βM2

W

)
U ẽg2

2,1 −meg2

(
sβµ∗ − cβAe

g2,g2

)
U ẽg2

2,2

)
+(

2 (δcβ) + (δZH−G−) sβ − cβ
(
2 (δZe) + δZG−G− + δZν̃

1,1
))

m2
eg2

U ẽg2
s3,1

2 = cβ

M2
W

 (δZH−G−)
(

cβµ∗ + sβAe
g2,g2

)
− 2cβδAe

g2,g2 +(
δZG−G− + δZν̃

1,1
) (

sβµ∗ − cβAe
g2,g2

)
+ Ae

g2,g2
(
2M2

W (δcβ)− cβ
(
2M2

W (δZe)− δM2
W

))+ s2βM2
Wδµ∗

1 =
( 1

4 sWM2
W

)


16meg2δmeg
g2c2

β +(
4s2β

(
(δsβ) cβ + (δZH−G−) c2

β

)
− 8 (δcβ) c3

β

)
M2

W−(
δM2

W +
(
2 (δZe) + δZG−G− + δZν̃

1,1
)

M2
W

) (
4c4

β − s2
2β

)
+

(
4c4

β − s2
2β

) ( 1
2 (δsW) M4

W

)
− c2

βm2
eg2

(
sWδM2

W + 2M2
W (δsW)

)
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[SSS] Higgs – 2 Squarks

C
216

(
A0, ũs2

g2, ũs3,†
g3

)
=

 eδg2,g3

4M3
Ws2

Ws2
β


( 3 )M2

W− (
µsβ + cβAu∗

g2,g2

)
Uũg2∗

s2,2 Uũg2
s3,1−(

sβµ∗ + cβAu
g2,g2

)
Uũg2∗

s2,1 Uũg2
s3,2

mug2 sWsβ
(
(2 (δZe) + δZAA) M2

W − δM2
W

)



3 =

2

 (
µsβ + cβAu∗

g2,g2

)
Uũg2∗

s2,2 Uũg2
s3,1−(

sβµ∗ + cβAu
g2,g2

)
Uũg2∗

s2,1 Uũg2
s3,2

mug2 ((δsβ) sW + (δsW) sβ) −

sW

( 1 )mug2 + sβ

( 2 )mug2 + 2

 (
µsβ + cβAu∗

g2,g2

)
Uũg2∗

s2,2 Uũg2
s3,1−(

sβµ∗ + cβAu
g2,g2

)
Uũg2∗

s2,1 Uũg2
s3,2

 δmug
g2



2 =

− (δZAG)
((

µcβ − sβAu∗
g2,g2

)
Uũg2∗

s2,2 Uũg2
s3,1 −

(
cβµ∗ − sβAu

g2,g2

)
Uũg2∗

s2,1 Uũg2
s3,2

)
+

δZũg2
1,s2

((
µsβ + cβAu∗

g2,g2

)
Uũg2∗

1,2 Uũg2
s3,1 −

(
sβµ∗ + cβAu

g2,g2

)
Uũg2∗

1,1 Uũg2
s3,2

)
+

δZũg2
2,s2

((
µsβ + cβAu∗

g2,g2

)
Uũg2∗

2,2 Uũg2
s3,1 −

(
sβµ∗ + cβAu

g2,g2

)
Uũg2∗

2,1 Uũg2
s3,2

)

1 =

(
s2βδAu∗

g2,g2 + 2(δµ)s2
β

)
Uũg2∗

s2,2 Uũg2
s3,1 −

(
s2βδAu

g2,g2 + 2δµ∗s2
β

)
Uũg2∗

s2,1 Uũg2
s3,2 + (

µsβ + cβAu∗
g2,g2

) (
δZũg3

1,s3Uũg2
1,1 + δZũg3

2,s3Uũg2
2,1

)
Uũg2∗

s2,2 −(
sβµ∗ + cβAu

g2,g2

) (
δZũg3

1,s3Uũg2
1,2 + δZũg3

2,s3Uũg2
2,2

)
Uũg2∗

s2,1

 sβ

C
217

(
G0, ũs2

g2, ũs3,†
g3

)
=

[
−

e( 4 )δg2,g3

4M3
Ws2

Ws2
β

]

4 = sβsWmug2( 1 )−M2
W

sW

(
mug2( 2 ) + sβ( 3 )

)
− 2mug2 (sW (δsβ) + sβ (δsW))

 (
µcβ − sβAu∗

g2,g2

)
Uũg2∗

s2,2 Uũg2
s3,1−(

cβµ∗ − sβAu
g2,g2

)
Uũg2∗

s2,1 Uũg2
s3,2



3 = 2δmug
g2

 (
µcβ − sβAu∗

g2,g2

)
Uũg2∗

s2,2 Uũg2
s3,1−(

cβµ∗ − sβAu
g2,g2

)
Uũg2∗

s2,1 Uũg2
s3,2

−mug2

 (
cβµ∗ − sβAu

g2,g2

) (
δZũg2

1,s2Uũg2∗
1,1 + δZũg2

2,s2Uũg2∗
2,1

)
Uũg2

s3,2−(
µcβ − sβAu∗

g2,g2

) (
δZũg2

1,s2Uũg2∗
1,2 + δZũg2

2,s2Uũg2∗
2,2

)
Uũg2

s3,1



2 =

(
(δµ)s2β − 2δAu∗

g2,g2s2
β

)
Uũg2∗

s2,2 Uũg2
s3,1 −

(
s2βδµ

∗ − 2δAu
g2,g2s2

β

)
Uũg2∗

s2,1 Uũg2
s3,2 + (

µcβ − sβAu∗
g2,g2

) (
δZũg3

1,s3Uũg2
1,1 + δZũg3

2,s3Uũg2
2,1

)
Uũg2∗

s2,2 −(
cβµ∗ − sβAu

g2,g2

) (
δZũg3

1,s3Uũg2
1,2 + δZũg3

2,s3Uũg2
2,2

)
Uũg2∗

s2,1

 sβ
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1 = M2
W (δZAG)

 (
µsβ + cβAu∗

g2,g2

)
Uũg2∗

s2,2 Uũg2
s3,1−(

sβµ∗ + cβAu
g2,g2

)
Uũg2∗

s2,1 Uũg2
s3,2

− (M2
W (2 (δZe) + δZGG)− δM2

W

) (
µcβ − sβAu∗

g2,g2

)
Uũg2∗

s2,2 Uũg2
s3,1−(

cβµ∗ − sβAu
g2,g2

)
Uũg2∗

s2,1 Uũg2
s3,2



C
218

(
A0, d̃s2

g2, d̃s3,†
g3

)
=

 eδg2,g3

4c2
βM3

Ws2
W

( 1 )mdg2 sW −


(
( 3 )cβ + ( 2 )mdg2

)
sW−

2

 (
µcβ + sβAd∗

g2,g2

)
Ud̃g2∗

s2,2 Ud̃g2
s3,1−(

cβµ∗ + sβAd
g2,g2

)
Ud̃g2∗

s2,1 Ud̃g2
s3,2

 cβmdg2 (δsW)

M2
W




3 = 2δmdg
g2

 (
µcβ + sβAd∗

g2,g2

)
Ud̃g2∗

s2,2 Ud̃g2
s3,1−(

cβµ∗ + sβAd
g2,g2

)
Ud̃g2∗

s2,1 Ud̃g2
s3,2

−mdg2


(

cβµ∗ + sβAd
g2,g2

)(
δZd̃g2

1,s2Ud̃g2∗
1,1 + δZd̃g2

2,s2Ud̃g2∗
2,1

)
Ud̃g2

s3,2−(
µcβ + sβAd∗

g2,g2

)(
δZd̃g2

1,s2Ud̃g2∗
1,2 + δZd̃g2

2,s2Ud̃g2∗
2,2

)
Ud̃g2

s3,1



2 =

(
s2βδAd∗

g2,g2 + 2(δµ)c2
β

)
Ud̃g2∗

s2,2 Ud̃g2
s3,1 −

(
s2βδAd

g2,g2 + 2δµ∗c2
β

)
Ud̃g2∗

s2,1 Ud̃g2
s3,2 +

(
µcβ + sβAd∗

g2,g2

)(
δZd̃g3

1,s3Ud̃g2
1,1 + δZd̃g3

2,s3Ud̃g2
2,1

)
Ud̃g2∗

s2,2 −(
cβµ∗ + sβAd

g2,g2

)(
δZd̃g3

1,s3Ud̃g2
1,2 + δZd̃g3

2,s3Ud̃g2
2,2

)
Ud̃g2∗

s2,1

 cβ

1 =

−

 (
µsβ − cβAd∗

g2,g2

)
Ud̃g2∗

s2,2 Ud̃g2
s3,1−(

sβµ∗ − cβAd
g2,g2

)
Ud̃g2∗

s2,1 Ud̃g2
s3,2

 (δZAG) cβM2
W +

 (
µcβ + sβAd∗

g2,g2

)
Ud̃g2∗

s2,2 Ud̃g2
s3,1−(

cβµ∗ + sβAd
g2,g2

)
Ud̃g2∗

s2,1 Ud̃g2
s3,2

(cβδM2
W + (2 (δcβ)− (2 (δZe) + δZAA) cβ) M2

W

)

C
219

(
G0, d̃s2

g2, d̃s3,†
g3

)
=

[
e( 3 )δg2,g3

4c2
βM3

Ws2
W

]

3 =

 (
µsβ − cβAd∗

g2,g2

)
Ud̃g2∗

s2,2 Ud̃g2
s3,1−(

sβµ∗ − cβAd
g2,g2

)
Ud̃g2∗

s2,1 Ud̃g2
s3,2

mdg2 sW

(
cβδM2

W + (2 (δcβ)− (2 (δZe) + δZGG) cβ) M2
W

)
−

( 2 )sW − 2

 (
µsβ − cβAd∗

g2,g2

)
Ud̃g2∗

s2,2 Ud̃g2
s3,1−(

sβµ∗ − cβAd
g2,g2

)
Ud̃g2∗

s2,1 Ud̃g2
s3,2

 (δsW) cβmdg2

M2
W

2 = mdg2

 ( 1 )cβ − 2δAd∗
g2,g2c2

βUd̃g2∗
s2,2 Ud̃g2

s3,1−(
s2βδµ

∗ − 2δAd
g2,g2c2

β

)
Ud̃g2∗

s2,1 Ud̃g2
s3,2

+ 2cβδmdg
g2

 (
µsβ − cβAd∗

g2,g2

)
Ud̃g2∗

s2,2 Ud̃g2
s3,1−(

sβµ∗ − cβAd
g2,g2

)
Ud̃g2∗

s2,1 Ud̃g2
s3,2


51



1 =

−
(

sβµ∗ − cβAd
g2,g2

)(
δZd̃g3

1,s3Ud̃g2
1,2 + δZd̃g3

2,s3Ud̃g2
2,2

)
Ud̃g2∗

s2,1 +

Ud̃g2∗
s2,2

((
µsβ − cβAd∗

g2,g2

)(
δZd̃g3

1,s3Ud̃g2
1,1 + δZd̃g3

2,s3Ud̃g2
2,1

)
+ 2(δµ)sβUd̃g2

s3,1

)
+

(δZAG)

((
µcβ + sβAd∗

g2,g2

)
Ud̃g2∗

s2,2 Ud̃g2
s3,1 −

(
cβµ∗ + sβAd

g2,g2

)
Ud̃g2∗

s2,1 Ud̃g2
s3,2

)
+

δZd̃g2
1,s2

((
µsβ − cβAd∗

g2,g2

)
Ud̃g2∗

1,2 Ud̃g2
s3,1 −

(
sβµ∗ − cβAd

g2,g2

)
Ud̃g2∗

1,1 Ud̃g2
s3,2

)
+

δZd̃g2
2,s2

((
µsβ − cβAd∗

g2,g2

)
Ud̃g2∗

2,2 Ud̃g2
s3,1 −

(
sβµ∗ − cβAd

g2,g2

)
Ud̃g2∗

2,1 Ud̃g2
s3,2

)

C
224

(
h0, ũs2

g2, ũs3,†
g3

)
=

 −
(

1
12

ieδg2,g3

)
10
sW

+
5

MWsβ
+

2

(
sα+β (δsW)

c3
W

+
cα+β (δtβ) c2

β

cWsW

)
MZ

((
1− 4c2

W

)
Uũg2∗

s2,1 Uũg2
s3,1 − 4s2

WUũg2∗
s2,2 Uũg2

s3,2

)



10 =

9
MWsβ

+
sα+βδM2

Z
cWMZ

((
1− 4c2

W

)
Uũg2∗

s2,1 Uũg2
s3,1 − 4s2

WUũg2∗
s2,2 Uũg2

s3,2

)
−

3mug2

M3
Ws2

β

 Uũg2∗
s2,2

((
µsα + cαAu∗

g2,g2

)
Uũg2

s3,1 + 2cαmug2Uũg2
s3,2

)
+

Uũg2∗
s2,1

(
2cαmug2Uũg2

s3,1 +
(

sαµ∗ + cαAu
g2,g2

)
Uũg2

s3,2

)
(sβδM2

W + 2 (δsβ) M2
W

)

9 = 6δmug
g2

 Uũg2∗
s2,2

((
µsα + cαAu∗

g2,g2

)
Uũg2

s3,1 + 4cαmug2Uũg2
s3,2

)
+

Uũg2∗
s2,1

(
4cαmug2Uũg2

s3,1 +
(

sαµ∗ + cαAu
g2,g2

)
Uũg2

s3,2

)
+ 1

cW

(
( 7 )δZũg2

1,s2 + ( 8 )δZũg2
2,s2 + ( 6 ) (2 (δZe) + δZhh)

)

8 =
Uũg2∗

2,1

((
MWMZsα+βsβ

(
1− 4c2

W

)
+ 6cWcαm2

ug2

)
Uũg2

s3,1 + 3cWmug2

(
sαµ∗ + cαAu

g2,g2

)
Uũg2

s3,2

)
+

Uũg2∗
2,2

(
3cWmug2

(
µsα + cαAu∗

g2,g2

)
Uũg2

s3,1 +
(

6cWcαm2
ug2
− 4MWMZsα+βsβs2

W

)
Uũg2

s3,2

)

7 =
Uũg2∗

1,1

((
MWMZsα+βsβ

(
1− 4c2

W

)
+ 6cWcαm2

ug2

)
Uũg2

s3,1 + 3cWmug2

(
sαµ∗ + cαAu

g2,g2

)
Uũg2

s3,2

)
+

Uũg2∗
1,2

(
3cWmug2

(
µsα + cαAu∗

g2,g2

)
Uũg2

s3,1 +
(

6cWcαm2
ug2
− 4MWMZsα+βsβs2

W

)
Uũg2

s3,2

)

6 =
Uũg2∗

s2,1

((
MWMZsα+βsβ

(
1− 4c2

W

)
+ 6cWcαm2

ug2

)
Uũg2

s3,1 + 3cWmug2

(
sαµ∗ + cαAu

g2,g2

)
Uũg2

s3,2

)
+

Uũg2∗
s2,2

(
3cWmug2

(
µsα + cαAu∗

g2,g2

)
Uũg2

s3,1 +
(

6cWcαm2
ug2
− 4MWMZsα+βsβs2

W

)
Uũg2

s3,2

)

5 = 1
sW

6mug2

 (
(δµ)sα + cαδAu∗

g2,g2

)
Uũg2∗

s2,2 Uũg2
s3,1 +(

sαδµ∗ + cαδAu
g2,g2

)
Uũg2∗

s2,1 Uũg2
s3,2

+ 1
cW

(
( 1 )δZũg3

1,s3 + ( 2 )δZũg3
2,s3

)+ 1
cWs2

W

(
( 3 )Uũg2∗

s2,1 − ( 4 )Uũg2∗
s2,2

)
52



4 = cW


6 (2 (δsW) cα − (δZhH) sWsα)m2

ug2
Uũg2

s3,2 +

3

 µ ((δZhH) cαsW + 2 (δsW) sα) +

(2 (δsW) cα − (δZhH) sWsα) Au∗
g2,g2

mug2Uũg2
s3,1

+ 4MWMZsβs2
WUũg2

s3,2 (2sα+β (δsW)− cα+βsW (δZhH))

3 = Uũg2
s3,1

−
 MWMZsβ

(
(δZhH) cα+βsW

(
1− 4c2

W

)
− 2 (δsW) sα+β

(
7− 4c2

W

))
+

6cW (2 (δsW) cα − (δZhH) sWsα)m2
ug2

− 3cWmug2Uũg2
s3,2

 ((δZhH) cαsW + 2 (δsW) sα)µ∗+

(2 (δsW) cα − (δZhH) sWsα) Au
g2,g2



2 =

((
MWMZsα+βsβ

(
1− 4c2

W

)
+ 6cWcαm2

ug2

)
Uũg2

2,1 + 3cWmug2

(
sαµ∗ + cαAu

g2,g2

)
Uũg2

2,2

)
Uũg2∗

s2,1 +(
3cWmug2

(
µsα + cαAu∗

g2,g2

)
Uũg2

2,1 +
(

6cWcαm2
ug2
− 4MWMZsα+βsβs2

W

)
Uũg2

2,2

)
Uũg2∗

s2,2

1 =

((
MWMZsα+βsβ

(
1− 4c2

W

)
+ 6cWcαm2

ug2

)
Uũg2

1,1 + 3cWmug2

(
sαµ∗ + cαAu

g2,g2

)
Uũg2

1,2

)
Uũg2∗

s2,1 +(
3cWmug2

(
µsα + cαAu∗

g2,g2

)
Uũg2

1,1 +
(

6cWcαm2
ug2
− 4MWMZsα+βsβs2

W

)
Uũg2

1,2

)
Uũg2∗

s2,2

C
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(
H0, ũs2

g2, ũs3,†
g3

)
=

[
−

ieδg2,g3

12s2
W

(
( 4 )sW −

1
cWMWsβ

(
2( 5 ) (δsW) + sW

(
( 6 ) (2 (δZe) + δZHH) + ( 7 )δZũg2

1,s2 + ( 8 )δZũg2
2,s2

))) ]

8 =
Uũg2∗

2,1

((
cα+βMWMZsβ

(
1− 4c2

W

)
− 6cWsαm2

ug2

)
Uũg2

s3,1 + 3cWmug2

(
cαµ∗ − sαAu

g2,g2

)
Uũg2

s3,2

)
+

Uũg2∗
2,2

(
3cWmug2

(
µcα − sαAu∗

g2,g2

)
Uũg2

s3,1 − 2
(

3cWsαm2
ug2

+ 2cα+βMWMZsβs2
W

)
Uũg2

s3,2

)

7 =
Uũg2∗

1,1

((
cα+βMWMZsβ

(
1− 4c2

W

)
− 6cWsαm2

ug2

)
Uũg2

s3,1 + 3cWmug2

(
cαµ∗ − sαAu

g2,g2

)
Uũg2

s3,2

)
+

Uũg2∗
1,2

(
3cWmug2

(
µcα − sαAu∗

g2,g2

)
Uũg2

s3,1 − 2
(

3cWsαm2
ug2

+ 2cα+βMWMZsβs2
W

)
Uũg2

s3,2

)

6 =
Uũg2∗

s2,1

((
cα+βMWMZsβ

(
1− 4c2

W

)
− 6cWsαm2

ug2

)
Uũg2

s3,1 + 3cWmug2

(
cαµ∗ − sαAu

g2,g2

)
Uũg2

s3,2

)
+

Uũg2∗
s2,2

(
3cWmug2

(
µcα − sαAu∗

g2,g2

)
Uũg2

s3,1 − 2
(

3cWsαm2
ug2

+ 2cα+βMWMZsβs2
W

)
Uũg2

s3,2

)

5 =
Uũg2∗

s2,1

((
cα+βMWMZsβ

(
7− 4c2

W

)
+ 6cWsαm2

ug2

)
Uũg2

s3,1 − 3cWmug2

(
cαµ∗ − sαAu

g2,g2

)
Uũg2

s3,2

)
−

Uũg2∗
s2,2

(
3cWmug2

(
µcα − sαAu∗

g2,g2

)
Uũg2

s3,1 −
(

6cWsαm2
ug2
− 4cα+βMWMZsβs2

W

)
Uũg2

s3,2

)
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4 =

− 1
cW

(
1

MWsβ

(
( 1 )Uũg2∗

s2,1 − ( 2 )Uũg2∗
s2,2

)
+

cα+βδM2
Z

MZ

((
1− 4c2

W

)
Uũg2∗

s2,1 Uũg2
s3,1 − 4s2

WUũg2∗
s2,2 Uũg2

s3,2

))
+

3mug2

M3
Ws2

β

 Uũg2∗
s2,2

((
µcα − sαAu∗

g2,g2

)
Uũg2

s3,1 − 2mug2 sαUũg2
s3,2

)
−

Uũg2∗
s2,1

(
2mug2 sαUũg2

s3,1 −
(

cαµ∗ − sαAu
g2,g2

)
Uũg2

s3,2

)
(sβδM2

W + 2 (δsβ) M2
W

)
−

2MZ

c3
W

(
(δsW) cα+βsW − (δtβ) sα+βc2

Wc2
β

) ((
1− 4c2

W

)
Uũg2∗

s2,1 Uũg2
s3,1 − 4s2

WUũg2∗
s2,2 Uũg2

s3,2

)
+

1
MWsβ

 ( 3 ) (δZhH)

cW
− 6

 Uũg2∗
s2,2

((
µcα − sαAu∗

g2,g2

)
Uũg2

s3,1 − 4mug2 sαUũg2
s3,2

)
−

Uũg2∗
s2,1

(
4mug2 sαUũg2

s3,1 −
(

cαµ∗ − sαAu
g2,g2

)
Uũg2

s3,2

)
 δmug

g2



3 =
Uũg2∗

s2,1

((
MWMZsα+βsβ

(
1− 4c2

W

)
+ 6cWcαm2

ug2

)
Uũg2

s3,1 + 3cWmug2

(
sαµ∗ + cαAu

g2,g2

)
Uũg2

s3,2

)
+

Uũg2∗
s2,2

(
3cWmug2

(
µsα + cαAu∗

g2,g2

)
Uũg2

s3,1 +
(

6cWcαm2
ug2
− 4MWMZsα+βsβs2

W

)
Uũg2

s3,2

)

2 =

−6cWmug2

(
(δµ)cα − sαδAu∗

g2,g2

)
Uũg2

s3,1 +

δZũg3
1,s3

(
4cα+βMWMZsβs2

WUũg2
1,2 − cW

(
3mug2

(
µcα − sαAu∗

g2,g2

)
Uũg2

1,1 − 6sαm2
ug2

Uũg2
1,2

))
+

δZũg3
2,s3

(
4cα+βMWMZsβs2

WUũg2
2,2 − cW

(
3mug2

(
µcα − sαAu∗

g2,g2

)
Uũg2

2,1 − 6sαm2
ug2

Uũg2
2,2

))

1 =

6cWmug2

(
cαδµ∗ − sαδAu

g2,g2

)
Uũg2

s3,2 +

δZũg3
1,s3

((
cα+βMWMZsβ

(
1− 4c2

W

)
− 6cWsαm2

ug2

)
Uũg2

1,1 + 3cWmug2

(
cαµ∗ − sαAu

g2,g2

)
Uũg2

1,2

)
+

δZũg3
2,s3

((
cα+βMWMZsβ

(
1− 4c2

W

)
− 6cWsαm2

ug2

)
Uũg2

2,1 + 3cWmug2

(
cαµ∗ − sαAu

g2,g2

)
Uũg2

2,2

)

C
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(
h0, d̃s2

g2, d̃s3,†
g3

)
=

 −
(

1
12

ieδg2,g3

)
4

cβMW
+

10
sW

+

2

(
sα+β (δsW)

c3
W

+
cα+β (δtβ) c2

β

cWsW

)
MZ

((
1 + 2c2

W

)
Ud̃g2∗

s2,1 Ud̃g2
s3,1 + 2s2

WUd̃g2∗
s2,2 Ud̃g2

s3,2

)



10 =

sα+βδM2
Z

cWMZ

((
2c2

W + 1
)

Ud̃g2∗
s2,1 Ud̃g2

s3,1 + 2s2
WUd̃g2∗

s2,2 Ud̃g2
s3,2

)
− 9

cβMW
+

3mdg2

c2
βM3

W

 Ud̃g2∗
s2,2

((
µcα + sαAd∗

g2,g2

)
Ud̃g2

s3,1 + 2mdg2 sαUd̃g2
s3,2

)
+

Ud̃g2∗
s2,1

(
2mdg2 sαUd̃g2

s3,1 +
(

cαµ∗ + sαAd
g2,g2

)
Ud̃g2

s3,2

)
(cβδM2

W + 2 (δcβ) M2
W

)
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9 =

− 1
cW

(
( 5 ) (2 (δZe) + δZhh)− ( 6 ) (δZhH) + ( 7 )δZd̃g2

1,s2 + ( 8 )δZd̃g2
2,s2

)
+

6

 Ud̃g2∗
s2,2

((
µcα + sαAd∗

g2,g2

)
Ud̃g2

s3,1 + 4mdg2 sαUd̃g2
s3,2

)
+

Ud̃g2∗
s2,1

(
4mdg2 sαUd̃g2

s3,1 +
(

cαµ∗ + sαAd
g2,g2

)
Ud̃g2

s3,2

)
 δmdg

g2

8 =
Ud̃g2∗

2,1

((
cβMWMZsα+β

(
2c2

W + 1
)
− 6cWsαm2

dg2

)
Ud̃g2

s3,1 − 3cWmdg2

(
cαµ∗ + sαAd

g2,g2

)
Ud̃g2

s3,2

)
−

Ud̃g2∗
2,2

(
3cWmdg2

(
µcα + sαAd∗

g2,g2

)
Ud̃g2

s3,1 +
(

6cWsαm2
dg2
− 2cβMWMZsα+βs2

W

)
Ud̃g2

s3,2

)

7 =
Ud̃g2∗

1,1

((
cβMWMZsα+β

(
2c2

W + 1
)
− 6cWsαm2

dg2

)
Ud̃g2

s3,1 − 3cWmdg2

(
cαµ∗ + sαAd

g2,g2

)
Ud̃g2

s3,2

)
−

Ud̃g2∗
1,2

(
3cWmdg2

(
µcα + sαAd∗

g2,g2

)
Ud̃g2

s3,1 +
(

6cWsαm2
dg2
− 2cβMWMZsα+βs2

W

)
Ud̃g2

s3,2

)

6 =
Ud̃g2∗

s2,2

(
3cWmdg2

(
µsα − cαAd∗

g2,g2

)
Ud̃g2

s3,1 − 2
(

3cWcαm2
dg2
− cα+βcβMWMZs2

W

)
Ud̃g2

s3,2

)
+

Ud̃g2∗
s2,1

((
cα+βcβMWMZ

(
2c2

W + 1
)
− 6cWcαm2

dg2

)
Ud̃g2

s3,1 + 3cWmdg2

(
sαµ∗ − cαAd

g2,g2

)
Ud̃g2

s3,2

)

5 =
Ud̃g2∗

s2,1

((
cβMWMZsα+β

(
2c2

W + 1
)
− 6cWsαm2

dg2

)
Ud̃g2

s3,1 − 3cWmdg2

(
cαµ∗ + sαAd

g2,g2

)
Ud̃g2

s3,2

)
−

Ud̃g2∗
s2,2

(
3cWmdg2

(
µcα + sαAd∗

g2,g2

)
Ud̃g2

s3,1 +
(

6cWsαm2
dg2
− 2cβMWMZsα+βs2

W

)
Ud̃g2

s3,2

)

4 = 1
sW

 1
cW

(
( 1 )δZd̃g3

1,s3 + ( 2 )δZd̃g3
2,s3

)
− 6mdg2

 (
(δµ)cα + sαδAd∗

g2,g2

)
Ud̃g2∗

s2,2 Ud̃g2
s3,1 +(

cαδµ∗ + sαδAd
g2,g2

)
Ud̃g2∗

s2,1 Ud̃g2
s3,2

− 2( 3 )(δsW)

cWs2
W

3 =
Ud̃g2∗

s2,1

((
cβMWMZsα+β

(
5− 2c2

W

)
− 6cWsαm2

dg2

)
Ud̃g2

s3,1 − 3cWmdg2

(
cαµ∗ + sαAd

g2,g2

)
Ud̃g2

s3,2

)
−

Ud̃g2∗
s2,2

(
2cβMWMZsα+βs2

WUd̃g2
s3,2 + cW

(
3mdg2

(
µcα + sαAd∗

g2,g2

)
Ud̃g2

s3,1 + 6sαm2
dg2

Ud̃g2
s3,2

))

2 =

((
cβMWMZsα+β

(
2c2

W + 1
)
− 6cWsαm2

dg2

)
Ud̃g2

2,1 − 3cWmdg2

(
cαµ∗ + sαAd

g2,g2

)
Ud̃g2

2,2

)
Ud̃g2∗

s2,1 −(
3cWmdg2

(
µcα + sαAd∗

g2,g2

)
Ud̃g2

2,1 +
(

6cWsαm2
dg2
− 2cβMWMZsα+βs2

W

)
Ud̃g2

2,2

)
Ud̃g2∗

s2,2
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1 =

((
cβMWMZsα+β

(
2c2

W + 1
)
− 6cWsαm2

dg2

)
Ud̃g2

1,1 − 3cWmdg2

(
cαµ∗ + sαAd

g2,g2

)
Ud̃g2

1,2

)
Ud̃g2∗

s2,1 −(
3cWmdg2

(
µcα + sαAd∗

g2,g2

)
Ud̃g2

1,1 +
(

6cWsαm2
dg2
− 2cβMWMZsα+βs2

W

)
Ud̃g2

1,2

)
Ud̃g2∗

s2,2

C
227

(
H0, d̃s2

g2, d̃s3,†
g3

)
=

[
1

12
ie( 10 )δg2,g3

]

10 =

1
cWcβMW

(
1

sW

(
( 1 )Ud̃g2∗

s2,1 + ( 2 )Ud̃g2∗
s2,2

)
− 1

s2
W

(
( 3 )Ud̃g2∗

s2,1 − ( 4 )Ud̃g2∗
s2,2

))
− 9

sWc2
β

+(
δM2

Z
cWMZsW

+
2MZ (δsW)

c3
W

)
cα+β

((
2c2

W + 1
)

Ud̃g2∗
s2,1 Ud̃g2

s3,1 + 2s2
WUd̃g2∗

s2,2 Ud̃g2
s3,2

)

9 =

( 8 )cβ
MW

+
2MZsα+β (δtβ) c4

β

cW

((
2c2

W + 1
)

Ud̃g2∗
s2,1 Ud̃g2

s3,1 + 2s2
WUd̃g2∗

s2,2 Ud̃g2
s3,2

)
+

3mdg2

M3
W

 Ud̃g2∗
s2,2

((
µsα − cαAd∗

g2,g2

)
Ud̃g2

s3,1 − 2cαmdg2Ud̃g2
s3,2

)
−

Ud̃g2∗
s2,1

(
2cαmdg2Ud̃g2

s3,1 −
(

sαµ∗ − cαAd
g2,g2

)
Ud̃g2

s3,2

)
(cβδM2

W + 2 (δcβ) M2
W

)

8 = −6δmdg
g2

 Ud̃g2∗
s2,2

((
µsα − cαAd∗

g2,g2

)
Ud̃g2

s3,1 − 4cαmdg2Ud̃g2
s3,2

)
−

Ud̃g2∗
s2,1

(
4cαmdg2Ud̃g2

s3,1 −
(

sαµ∗ − cαAd
g2,g2

)
Ud̃g2

s3,2

)
− 1

cW

(
( 6 )δZd̃g2

1,s2 + ( 7 )δZd̃g2
2,s2 + ( 5 ) (2 (δZe) + δZHH)

)

7 =
Ud̃g2∗

2,2

(
3cWmdg2

(
µsα − cαAd∗

g2,g2

)
Ud̃g2

s3,1 − 2
(

3cWcαm2
dg2
− cα+βcβMWMZs2

W

)
Ud̃g2

s3,2

)
+

Ud̃g2∗
2,1

((
cα+βcβMWMZ

(
2c2

W + 1
)
− 6cWcαm2

dg2

)
Ud̃g2

s3,1 + 3cWmdg2

(
sαµ∗ − cαAd

g2,g2

)
Ud̃g2

s3,2

)

6 =
Ud̃g2∗

1,2

(
3cWmdg2

(
µsα − cαAd∗

g2,g2

)
Ud̃g2

s3,1 − 2
(

3cWcαm2
dg2
− cα+βcβMWMZs2

W

)
Ud̃g2

s3,2

)
+

Ud̃g2∗
1,1

((
cα+βcβMWMZ

(
2c2

W + 1
)
− 6cWcαm2

dg2

)
Ud̃g2

s3,1 + 3cWmdg2

(
sαµ∗ − cαAd

g2,g2

)
Ud̃g2

s3,2

)

5 =
Ud̃g2∗

s2,2

(
3cWmdg2

(
µsα − cαAd∗

g2,g2

)
Ud̃g2

s3,1 − 2
(

3cWcαm2
dg2
− cα+βcβMWMZs2

W

)
Ud̃g2

s3,2

)
+

Ud̃g2∗
s2,1

((
cα+βcβMWMZ

(
2c2

W + 1
)
− 6cWcαm2

dg2

)
Ud̃g2

s3,1 + 3cWmdg2

(
sαµ∗ − cαAd

g2,g2

)
Ud̃g2

s3,2

)
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4 = cW


6 (2 (δsW) cα + (δZhH) sWsα)m2

dg2
Ud̃g2

s3,2−

3

 µ (2 (δsW) sα − (δZhH) cαsW) −

(2 (δsW) cα + (δZhH) sWsα) Ad∗
g2,g2

mdg2Ud̃g2
s3,1

+ 2cβMWMZs2
WUd̃g2

s3,2 (2cα+β (δsW)− sα+βsW (δZhH))

3 = 3cWmdg2Ud̃g2
s3,2

 (2 (δsW) sα − (δZhH) cαsW)µ∗−

(2 (δsW) cα + (δZhH) sWsα) Ad
g2,g2

−Ud̃g2
s3,1

 6cW (2 (δsW) cα + (δZhH) sWsα)m2
dg2
−

cβMWMZ

(
2 (δsW) cα+β

(
5− 2c2

W

)
+ (δZhH) sWsα+β

(
2c2

W + 1
))



2 =

6cWmdg2

(
(δµ)sα − cαδAd∗

g2,g2

)
Ud̃g2

s3,1 +

δZd̃g3
1,s3

(
2cα+βcβMWMZs2

WUd̃g2
1,2 + cW

(
3mdg2

(
µsα − cαAd∗

g2,g2

)
Ud̃g2

1,1 − 6cαm2
dg2

Ud̃g2
1,2

))
+

δZd̃g3
2,s3

(
2cα+βcβMWMZs2

WUd̃g2
2,2 + cW

(
3mdg2

(
µsα − cαAd∗

g2,g2

)
Ud̃g2

2,1 − 6cαm2
dg2

Ud̃g2
2,2

))

1 =

6cWmdg2

(
sαδµ∗ − cαδAd

g2,g2

)
Ud̃g2

s3,2 +

δZd̃g3
1,s3

((
cα+βcβMWMZ

(
2c2

W + 1
)
− 6cWcαm2

dg2

)
Ud̃g2

1,1 + 3cWmdg2

(
sαµ∗ − cαAd

g2,g2

)
Ud̃g2

1,2

)
+

δZd̃g3
2,s3

((
cα+βcβMWMZ

(
2c2

W + 1
)
− 6cWcαm2

dg2

)
Ud̃g2

2,1 + 3cWmdg2

(
sαµ∗ − cαAd

g2,g2

)
Ud̃g2

2,2

)

C
228

(
H+, d̃s2

g2, ũs3,†
g3

)
=


ie

2
√

2MWs2
W



(
7

s2β
− 2( 3 )

)
CKMg3,g2sW−

2
s2β

 sW

(
( 2 )CKMg3,g2δM2

W

M2
W

− ( 1 )
(
2
(
δCKMg3,g2

)
+ CKMg3,g2

(
δZH−H−

)))
−

( 1 )CKMg3,g2 (2sW (δZe)− 2 (δsW))







7 =

2( 6 ) + mdg2

(
δZd̃g2

1,s2Ud̃g2∗
1,2 + δZd̃g2

2,s2Ud̃g2∗
2,2

)((
µs2β + 2Ad∗

g2,g2s2
β

)
Uũg3

s3,1 + 2mug3Uũg3
s3,2

)
− (

M2
Ws2

2β − 2
(

c2
βm2

ug3
+ m2

dg2
s2
β

))
Uũg3

s3,1−

mug3

(
s2βµ

∗ + 2Au
g3,g3c2

β

)
Uũg3

s3,2

(δZd̃g2
1,s2Ud̃g2∗

1,1 + δZd̃g2
2,s2Ud̃g2∗

2,1

)

57



6 =

( 4 )δZũg3
1,s3 + ( 5 )δZũg3

2,s3 +
mug3

(
s2βδµ

∗ + 2δAu
g3,g3c2

β

)
Uũg3

s3,2 +

4mdg2δmdg
g2s2

βUũg3
s3,1 +

δmug
g3

(
4mug3 c2

βUũg3
s3,1 +

(
s2βµ

∗ + 2Au
g3,g3c2

β

)
Uũg3

s3,2

)
Ud̃g2∗

s2,1 +

Ud̃g2∗
s2,2

(
δmdg

g2

((
µs2β + 2Ad∗

g2,g2s2
β

)
Uũg3

s3,1 + 2mug3Uũg3
s3,2

)
+ mdg2

((
(δµ)s2β + 2δAd∗

g2,g2s2
β

)
Uũg3

s3,1 + 2δmug
g3Uũg3

s3,2

))
+

(δZH−G−)

mdg2 sβ
(
µsβ − cβAd∗

g2,g2

)
Ud̃g2∗

s2,2 Uũg3
s3,1 −

 sβ
(

m2
dg2
−m2

ug3
− c2βM2

W

)
Uũg3

s3,1 +

mug3

(
cβµ∗ − sβAu

g3,g3

)
Uũg3

s3,2

 cβUd̃g2∗
s2,1



5 = mdg2Ud̃g2∗
s2,2

(
sβUũg3

2,1

(
sβAd∗

g2,g2 +µcβ
)
+ mug3Uũg3

2,2

)
−Ud̃g2∗

s2,1


(

1
2

M2
Ws2

2β − c2
βm2

ug3
−m2

dg2
s2
β

)
Uũg3

2,1 −

cβmug3

(
sβµ∗ + cβAu

g3,g3

)
Uũg3

2,2



4 = mdg2Ud̃g2∗
s2,2

(
sβUũg3

1,1

(
sβAd∗

g2,g2 +µcβ
)
+ mug3Uũg3

1,2

)
−Ud̃g2∗

s2,1


(

1
2

M2
Ws2

2β − c2
βm2

ug3
−m2

dg2
s2
β

)
Uũg3

1,1 −

cβmug3

(
sβµ∗ + cβAu

g3,g3

)
Uũg3

1,2



3 =

δcβ
c2
β

(
sβ
(

m2
dg2

+ c2
βM2

W

)
Ud̃g2∗

s2,1 Uũg3
s3,1 + mdg2Ud̃g2∗

s2,2

((
µcβ + sβAd∗

g2,g2

)
Uũg3

s3,1 + mug3 sβUũg3
s3,2

))
+

δsβ
s2
β

(
cβmdg2 mug3Ud̃g2∗

s2,2 Uũg3
s3,2 + Ud̃g2∗

s2,1

(
cβ
(

m2
ug3

+ M2
Ws2

β

)
Uũg3

s3,1 + mug3

(
sβµ∗ + cβAu

g3,g3

)
Uũg3

s3,2

))

2 = Ud̃g2∗
s2,1

 (
c2
βm2

ug3
+
(

m2
dg2

+ 2c2
βM2

W

)
s2
β

)
Uũg3

s3,1 +

cβmug3

(
sβµ∗ + cβAu

g3,g3

)
Uũg3

s3,2

+ mdg2Ud̃g2∗
s2,2

(
sβUũg3

s3,1

(
sβAd∗

g2,g2 +µcβ
)
+ mug3Uũg3

s3,2

)

1 = mdg2Ud̃g2∗
s2,2

(
sβUũg3

s3,1

(
sβAd∗

g2,g2 +µcβ
)
+ mug3Uũg3

s3,2

)
−Ud̃g2∗

s2,1


(

1
2

M2
Ws2

2β − c2
βm2

ug3
−m2

dg2
s2
β

)
Uũg3

s3,1−(
1
2

mug3Uũg3
s3,2

)(
s2βµ

∗ + 2Au
g3,g3c2

β

)


C
229

(
H−, ũs2

g2, d̃s3,†
g3

)
=

 ie
2
√

2MWs2
W


(

2( 3 )

s2β
− 2( 4 )

s2
2β

)
sWCKM∗g2,g3 +

2
s2β

(
( 7 )sW +

(
1
2
( 8 )sW + ( 6 ) (2sW (δZe)− 2 (δsW))

)
CKM∗g2,g3

)


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8 =

mug2

(
δZũg2

1,s2Uũg2∗
1,2 + δZũg2

2,s2Uũg2∗
2,2

)((
µs2β + 2Au∗

g2,g2c2
β

)
Ud̃g3

s3,1 + 2mdg3Ud̃g3
s3,2

)
− (

M2
Ws2

2β − 2
(

c2
βm2

ug2
+ m2

dg3
s2
β

))
Ud̃g3

s3,1−

mdg3

(
s2βµ

∗ + 2Ad
g3,g3s2

β

)
Ud̃g3

s3,2

(δZũg2
1,s2Uũg2∗

1,1 + δZũg2
2,s2Uũg2∗

2,1

)

7 =

( 6 )
(
(δZH−H−)CKM∗g2,g3 + 2δCKM∗g2,g3

)
+

CKM∗g2,g3

2M2
W

( 5 )Uũg2∗
s2,1 −


2mdg3δM2

WUd̃g3
s3,2 + µ

(
s2βδM2

W + 2 (δZG−H−) c2
βM2

W

)
−

Au∗
g2,g2

(
(δZG−H−) s2βM2

W − 2δM2
Wc2

β

)
Ud̃g3

s3,1

mug2Uũg2∗
s2,2



6 = mug2Uũg2∗
s2,2

(
cβUd̃g3

s3,1

(
cβAu∗

g2,g2 +µsβ
)
+ mdg3Ud̃g3

s3,2

)
−Uũg2∗

s2,1


(

1
2

M2
Ws2

2β − c2
βm2

ug2
−m2

dg3
s2
β

)
Ud̃g3

s3,1−(
1
2

mdg3Ud̃g3
s3,2

)(
s2βµ

∗ + 2Ad
g3,g3s2

β

)


5 = Ud̃g3
s3,1

−
 δM2

W

(
M2

Ws2
2β + 2

(
c2
βm2

ug2
+ m2

dg3
s2
β

))
+

(δZG−H−) s2βM2
W

(
m2

dg3
−m2

ug2
− c2βM2

W

)
−mdg3Ud̃g3

s3,2

 Ad
g3,g3

(
(δZG−H−) s2βM2

W + 2δM2
Ws2

β

)
−

µ∗
(

2 (δZG−H−) M2
Ws2

β − s2βδM2
W

)


4 = Uũg2∗
s2,1


2 (δcβ)mdg3 sβ

(
s2βµ

∗ + 2Ad
g3,g3s2

β

)
Ud̃g3

s3,2 + ((δsβ) cβ + (δcβ) sβ) M2
Ws2

2β +

4
(
(δsβ) c3

βm2
ug2

+ (δcβ)m2
dg3

s3
β

)
Ud̃g3

s3,1

+ 2mug2Uũg2∗
s2,2

 (δsβ) cβ
(
µs2β + 2Au∗

g2,g2c2
β

)
Ud̃g3

s3,1 +

2mdg3

(
(δsβ) c3

β + (δcβ) s3
β

)
Ud̃g3

s3,2



3 =

( 1 )δZd̃g3
1,s3 + ( 2 )δZd̃g3

2,s3 +

 δmug
g2

((
µs2β + 2Au∗

g2,g2c2
β

)
Ud̃g3

s3,1 + 2mdg3Ud̃g3
s3,2

)
+

mug2

((
(δµ)s2β + 2δAu∗

g2,g2c2
β

)
Ud̃g3

s3,1 + 2δmdg
g3Ud̃g3

s3,2

)
Uũg2∗

s2,2 +


mdg3

(
s2βδµ

∗ + 2δAd
g3,g3s2

β

)
Ud̃g3

s3,2 +

4mug2δmug
g2c2

βUd̃g3
s3,1 +

δmdg
g3

(
4mdg3 s2

βUd̃g3
s3,1 +

(
s2βµ

∗ + 2Ad
g3,g3s2

β

)
Ud̃g3

s3,2

)
Uũg2∗

s2,1

2 = Uũg2∗
s2,1

sβ

 (
sβm2

dg3
− cβs2βM2

W

)
Ud̃g3

2,1 +

mdg3

(
cβµ∗ + sβAd

g3,g3

)
Ud̃g3

2,2

+ c2
βm2

ug2
Ud̃g3

2,1

+ mug2Uũg2∗
s2,2

(
cβUd̃g3

2,1

(
cβAu∗

g2,g2 +µsβ
)
+ mdg3Ud̃g3

2,2

)
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1 = Uũg2∗
s2,1

sβ

 (
sβm2

dg3
− cβs2βM2

W

)
Ud̃g3

1,1 +

mdg3

(
cβµ∗ + sβAd

g3,g3

)
Ud̃g3

1,2

+ c2
βm2

ug2
Ud̃g3

1,1

+ mug2Uũg2∗
s2,2

(
cβUd̃g3

1,1

(
cβAu∗

g2,g2 +µsβ
)
+ mdg3Ud̃g3

1,2

)

C
232

(
G+, d̃s2

g2, ũs3,†
g3

)
=

[
− ie

2
√

2MWs2
W

(
2( 3 )

s2β
− ( 6 )CKMg3,g2sW

) ]

6 =

5
s2β
− 2( 4 ) +

2 (δcβ)
c2
β

(
cβ
(

m2
dg2

+ c2
βM2

W

)
Ud̃g2∗

s2,1 Uũg3
s3,1 −mdg2Ud̃g2∗

s2,2

((
µsβ − cβAd∗

g2,g2

)
Uũg3

s3,1 − cβmug3Uũg3
s3,2

))
+

mdg2Uũg3
1,1 Ud̃g2∗

s2,2

cβ

(
µsβ − cβAd∗

g2,g2

)
−

(
m2

dg2
−m2

ug3
− c2βM2

W

)
Uũg3

1,1 +

mug3Uũg3
1,2

sβ

(
cβµ∗ − sβAu

g3,g3

)
Ud̃g2∗

s2,1


δZũg3

1,s3 +

δZũg3
2,s3

mdg2Uũg3
2,1 Ud̃g2∗

s2,2

cβ

(
µsβ − cβAd∗

g2,g2

)
−


(

m2
dg2
−m2

ug3
− c2βM2

W

)
Uũg3

2,1 +

mug3Uũg3
2,2

sβ

(
cβµ∗ − sβAu

g3,g3

)
Ud̃g2∗

s2,1

 −
2 (δsβ)

s2
β

(
mdg2 mug3 sβUd̃g2∗

s2,2 Uũg3
s3,2 + Ud̃g2∗

s2,1

(
sβ
(

m2
ug3

+ M2
Ws2

β

)
Uũg3

s3,1 −mug3

(
cβµ∗ − sβAu

g3,g3

)
Uũg3

s3,2

))

5 =

−mdg2

(
s2βAd∗

g2,g2 − 2µs2
β

)(
δZd̃g2

1,s2Ud̃g2∗
1,2 + δZd̃g2

2,s2Ud̃g2∗
2,2

)
Uũg3

s3,1− s2β

(
m2

dg2
−m2

ug3
− c2βM2

W

)
Uũg3

s3,1−

mug3

(
s2βAu

g3,g3 − 2µ∗c2
β

)
Uũg3

s3,2

(δZd̃g2
1,s2Ud̃g2∗

1,1 + δZd̃g2
2,s2Ud̃g2∗

2,1

)

4 =

Uũg3
s3,1

cβ

(
2cβmdg2δmdg

g2Ud̃g2∗
s2,1 −

(
mdg2

(
(δµ)sβ − cβδAd∗

g2,g2

)
+ δmdg

g2

(
µsβ − cβAd∗

g2,g2

))
Ud̃g2∗

s2,2

)
+

Ud̃g2∗
s2,1

sβ

(
mug3

(
cβδµ∗ − sβδAu

g3,g3

)
Uũg3

s3,2 − δmug
g3

(
2mug3 sβUũg3

s3,1 −
(

cβµ∗ − sβAu
g3,g3

)
Uũg3

s3,2

))

3 = sW(−( 2 ))−CKMg3,g2 (2sW (δZe)− 2 (δsW))


mdg2 sβ

(
µsβ − cβAd∗

g2,g2

)
Ud̃g2∗

s2,2 Uũg3
s3,1− sβ

(
m2

dg2
−m2

ug3
− c2βM2

W

)
Uũg3

s3,1 +

mug3

(
cβµ∗ − sβAu

g3,g3

)
Uũg3

s3,2

 cβUd̃g2∗
s2,1


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2 =


mdg2 sβ

(
µsβ − cβAd∗

g2,g2

)
Ud̃g2∗

s2,2 Uũg3
s3,1− sβ

(
m2

dg2
−m2

ug3
− c2βM2

W

)
Uũg3

s3,1 +

mug3

(
cβµ∗ − sβAu

g3,g3

)
Uũg3

s3,2

 cβUd̃g2∗
s2,1

(2 (δCKMg3,g2
)
+ CKMg3,g2 (δZG−G−)

)
+

CKMg3,g2

2M2
W

( 1 )Ud̃g2∗
s2,1 + mdg2Ud̃g2∗

s2,2

 µ
(
(δZG−H−) s2βM2

W − 2δM2
Ws2

β

)
+

Ad∗
g2,g2

(
s2βδM2

W + 2 (δZG−H−) M2
Ws2

β

)
Uũg3

s3,1 + 2 (δZG−H−)mug3 M2
WUũg3

s3,2



1 = Uũg3
s3,1


m2

ug3

(
2 (δZG−H−) c2

βM2
W − s2βδM2

W

)
−

s2βM2
W

(
(δZG−H−) s2βM2

W − c2βδM2
W

)
+

m2
dg2

(
s2βδM2

W + 2 (δZG−H−) M2
Ws2

β

)
+ mug3Uũg3

s3,2

 Au
g3,g3

(
2 (δZG−H−) c2

βM2
W − s2βδM2

W

)
+

µ∗
(

2δM2
Wc2

β + (δZG−H−) s2βM2
W

)


C
233

(
G−, ũs2

g2, d̃s3,†
g3

)
=

[
− ie( 4 )

2
√

2MWs2
W

]

4 =

( 3 )sWCKM∗g2,g3 +

1
s2β


mug2

(
s2βAu∗

g2,g2 − 2µc2
β

)
Uũg2∗

s2,2 Ud̃g3
s3,1− s2β

(
m2

dg3
−m2

ug2
− c2βM2

W

)
Ud̃g3

s3,1 +

mdg3

(
s2βAd

g3,g3 − 2µ∗s2
β

)
Ud̃g3

s3,2

Uũg2∗
s2,1


(
(2 (δsW)− (2 (δZe) + δZG−G−) sW)CKM∗g2,g3 − 2sWδCKM∗g2,g3

)
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3 =



mug2Ud̃g3
1,1 Uũg2∗

s2,2

sβ

(
µcβ − sβAu∗

g2,g2

)
+

(
m2

dg3
−m2

ug2
− c2βM2

W

)
Ud̃g3

1,1 −

mdg3Ud̃g3
1,2

cβ

(
sβµ∗ − cβAd

g3,g3

)
Uũg2∗

s2,1


δZd̃g3

1,s3 +

δZd̃g3
2,s3

mug2Ud̃g3
2,1 Uũg2∗

s2,2

sβ

(
µcβ − sβAu∗

g2,g2

)
+


(

m2
dg3
−m2

ug2
− c2βM2

W

)
Ud̃g3

2,1 −

mdg3Ud̃g3
2,2

cβ

(
sβµ∗ − cβAd

g3,g3

)
Uũg2∗

s2,1

 −
2 (δcβ)

c2
β

(
cβmdg3 mug2Uũg2∗

s2,2 Ud̃g3
s3,2 + Uũg2∗

s2,1

(
cβ
(

m2
dg3

+ c2
βM2

W

)
Ud̃g3

s3,1 −mdg3

(
sβµ∗ − cβAd

g3,g3

)
Ud̃g3

s3,2

))
−

1
sβ

(
2
cβ

+ 2
(

2mug2 sβδmug
g2Uũg2∗

s2,1 −
(

mug2

(
(δµ)cβ − sβδAu∗

g2,g2

)
+ δmug

g2

(
µcβ − sβAu∗

g2,g2

))
Uũg2∗

s2,2

)
Ud̃g3

s3,1

)
−

2Uũg2∗
s2,1

cβ

(
mdg3

(
sβδµ∗ − cβδAd

g3,g3

)
Ud̃g3

s3,2 − δmdg
g3

(
2cβmdg3Ud̃g3

s3,1 −
(

sβµ∗ − cβAd
g3,g3

)
Ud̃g3

s3,2

))
−

( 1 ) (δZH−G−)

s2β
− 2 (δsβ)

s2
β

(
sβ
(

m2
ug2

+ M2
Ws2

β

)
Uũg2∗

s2,1 Ud̃g3
s3,1 −mug2Uũg2∗

s2,2

((
µcβ − sβAu∗

g2,g2

)
Ud̃g3

s3,1 −mdg3 sβUd̃g3
s3,2

))

2 =

δM2
W

M2
W


cβmug2

(
µcβ − sβAu∗

g2,g2

)
Uũg2∗

s2,2 Ud̃g3
s3,1 + cβ

(
m2

dg3
−m2

ug2
+ c2βM2

W

)
Ud̃g3

s3,1−

mdg3

(
sβµ∗ − cβAd

g3,g3

)
Ud̃g3

s3,2

 sβUũg2∗
s2,1

 −
cβmug2

(
µcβ − sβAu∗

g2,g2

)
Uũg2∗

1,2 Ud̃g3
s3,1 + cβ

(
m2

dg3
−m2

ug2
− c2βM2

W

)
Ud̃g3

s3,1−

mdg3

(
sβµ∗ − cβAd

g3,g3

)
Ud̃g3

s3,2

 sβUũg2∗
1,1

 δZũg2
1,s2−

δZũg2
2,s2

 cβ
(

m2
dg3
−m2

ug2
− c2βM2

W

)
Ud̃g3

s3,1−

mdg3

(
sβµ∗ − cβAd

g3,g3

)
Ud̃g3

s3,2

 sβUũg2∗
2,1 + cβmug2

(
µcβ − sβAu∗

g2,g2

)
Uũg2∗

2,2 Ud̃g3
s3,1



1 = mug2Uũg2∗
s2,2

(
Ud̃g3

s3,1

(
2c2

βAu∗
g2,g2 +µs2β

)
+ 2mdg3Ud̃g3

s3,2

)
−Uũg2∗

s2,1

 (
M2

Ws2
2β − 2

(
c2
βm2

ug2
+ m2

dg3
s2
β

))
Ud̃g3

s3,1−

mdg3

(
s2βµ

∗ + 2Ad
g3,g3s2

β

)
Ud̃g3

s3,2


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[SSV] 2 Higgs – Gauge Boson

C
1

(
G−, G+,γ

)
=

[ (
1
4

ie
)(

4 (δZe) +

(
cW

sW
− sW

cW

)
(δZZγ) + 2 (δZγγ) + 4 (δZG−G−)

) ]

C
2

(
G−, G+, Z

)
=

 − ie
4c3

Ws2
W

 (2 (δsW)− sW (2 (δZe) + δZZZ + 2 (δZG−G−))) c4
W + 2 (δsW) s4

W +(
(4 (δsW) + sW (2 (δZe) + δZZZ + 2 (δZG−G−))) c2

W − 2 (δZγZ) c3
W

)
s2

W

 
C
3

(
G0, G−, W+

)
=

[
− e

4s2
W

(
2 (δsW)− sW

(
2 (δZe) + δZW + δZGG + δZG−G−

)) ]

C
4

(
G0, G+, W−

)
=

[
− e

4s2
W

(2 (δsW)− sW (2 (δZe) + δZW + δZGG + δZG−G−))
]

C
65

(
h0, A0, Z

)
=

[ e
4c3

Ws2
W

(
sWsβ-α (δZAG − δZhH) c2

W − cβ-α

(
(2 (δsW)− sW (2 (δZe) + δZZZ + δZAA + δZhh)) c2

W − 2 (δsW) s2
W

)) ]

C
66

(
h0, G0, Z

)
=

 e
4c3

Ws2
W

−
 2sβ-α (δsW) −

sW (sβ-α (2 (δZe) + δZZZ + δZGG + δZhh) + cβ-α (δZAG + δZhH))

 c2
W + 2sβ-α (δsW) s2

W

 

C
67

(
H0, A0, Z

)
=

 − e
4c3

Ws2
W

−
 2sβ-α (δsW) +

sW (cβ-α (δZAG + δZhH)− sβ-α (2 (δZe) + δZZZ + δZAA + δZHH))

 c2
W + 2sβ-α (δsW) s2

W

 
C
68

(
H0, G0, Z

)
=

[
− e

4c3
Ws2

W

(
sWsβ-α (δZAG − δZhH) c2

W + cβ-α

(
(2 (δsW)− sW (2 (δZe) + δZZZ + δZGG + δZHH)) c2

W − 2 (δsW) s2
W

)) ]

C
69

(
H−, H+,γ

)
=

[ (
1
4

ie
)(

4 (δZe) +

(
cW

sW
− sW

cW

)
(δZZγ) + 2 (δZγγ) + 2

(
δZH−H− + δZH−H−

)) ]

C
70

(
H−, H+, Z

)
=

 − ie
4c3

Ws2
W

 (
2 (δsW)− sW

(
2 (δZe) + δZH−H− + δZZZ + δZH−H−

))
c4

W + 2 (δsW) s4
W +((

4 (δsW) + sW
(
2 (δZe) + δZH−H− + δZZZ + δZH−H−

))
c2

W − 2 (δZγZ) c3
W

)
s2

W

 
C
71

(
h0, H−, W+

)
=

[
ie

4s2
W

(
sWsβ-α (δZhH − δZG−H−) + cβ-α

(
2 (δsW)− sW

(
2 (δZe) + δZW + δZhh + δZH−H−

))) ]

C
72

(
h0, G−, W+

)
=

[
ie

4s2
W

(
2sβ-α (δsW)− sW

(
sβ-α

(
2 (δZe) + δZW + δZhh + δZG−G−

)
+ cβ-α (δZhH + δZH−G−)

)) ]
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C
73

(
H0, H−, W+

)
=

[
− ie

4s2
W

(
2sβ-α (δsW) + sW

(
cβ-α (δZhH + δZG−H−)− sβ-α

(
2 (δZe) + δZW + δZHH + δZH−H−

))) ]

C
74

(
H0, G−, W+

)
=

[
ie

4s2
W

(
cβ-α

(
2 (δsW)− sW

(
2 (δZe) + δZW + δZHH + δZG−G−

))
− sWsβ-α (δZhH − δZH−G−)

) ]

C
75

(
h0, H+, W−

)
=

[
− ie

4s2
W

(
cβ-α

(
2 (δsW)− sW

(
2 (δZe) + δZH−H− + δZW + δZhh

))
+ sWsβ-α (δZhH − δZH−G−)

) ]

C
76

(
h0, G+, W−

)
=

[
− ie

4s2
W

(2sβ-α (δsW)− sW (sβ-α (2 (δZe) + δZW + δZhh + δZG−G−) + cβ-α (δZhH + δZG−H−)))

]

C
77

(
H0, H+, W−

)
=

[
ie

4s2
W

(
2sβ-α (δsW)− sW

(
sβ-α

(
2 (δZe) + δZH−H− + δZW + δZHH

)
− cβ-α (δZhH + δZH−G−)

)) ]

C
78

(
H0, G+, W−

)
=

[
− ie

4s2
W

(cβ-α (2 (δsW)− sW (2 (δZe) + δZW + δZHH + δZG−G−))− sWsβ-α (δZhH − δZG−H−))

]

C
79

(
A0, H−, W+

)
=

[
− e

4s2
W

(
2 (δsW)− sW

(
2 (δZe) + δZW + δZAA + δZH−H−

)) ]

C
80

(
A0, H+, W−

)
=

[
− e

4s2
W

(
2 (δsW)− sW

(
2 (δZe) + δZH−H− + δZW + δZAA

)) ]

C
413

(
h0, A0,γ

)
=

[
ecβ-α (δZZγ)

4cWsW

]

C
414

(
h0, G0,γ

)
=

[
esβ-α (δZZγ)

4cWsW

]

C
415

(
H0, A0,γ

)
=

[
− esβ-α (δZZγ)

4cWsW

]

C
416

(
H0, G0,γ

)
=

[
ecβ-α (δZZγ)

4cWsW

]

C
417

(
H−, G+,γ

)
=
[

ie (δZG−H−)
]

C
418

(
G−, H+,γ

)
=
[

ie (δZH−G−)
]

C
419

(
H−, G+, Z

)
=

[
− ie (δZG−H−)

2cWsW

(
1− 2c2

W

) ]
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C
420

(
G−, H+, Z

)
=

[
− ie (δZH−G−)

2cWsW

(
1− 2c2

W

) ]

C
421

(
A0, G−, W+

)
=

[
e

4sW
(δZAG + δZH−G−)

]

C
422

(
A0, G+, W−

)
=

[
e

4sW
(δZAG + δZG−H−)

]

C
423

(
G0, H−, W+

)
=

[
e

4sW
(δZAG + δZG−H−)

]

C
424

(
G0, H+, W−

)
=

[
e

4sW
(δZAG + δZH−G−)

]

[SSV] 2 Sleptons – Gauge Boson

C
236

(
ν̃g1, ν̃†g2, Z

)
=

[
−

ieδg1,g2

4c3
Ws2

W

(
2 (δsW) s2

W − c2
W

(
2 (δsW)− sW

(
2 (δZe) + δZZZ + δZν̃

1,1 + δZν̃
1,1

))) ]

C
237

(
ẽs1

g1, ẽs2,†
g2 ,γ

)
=

[
ie( 1 )δg1,g2

4cWsW

]

1 = 2cWsW

 δs1,s2 (2 (δZe) + δZγγ) + δs1,1δZẽg2
1,s2 + δs1,2δZẽg2

2,s2 +

δs2,1δZ
ẽg1
1,s1 + δs2,2δZ

ẽg1
2,s1

+ (δZZγ)
((

1− 2s2
W

)
U

ẽg1
s2,1U

ẽg1∗
s1,1 − 2s2

WU
ẽg1
s2,2U

ẽg1∗
s1,2

)

C
238

(
ẽs1

g1, ẽs2,†
g2 , Z

)
=

[
ie( 2 )δg1,g2

4c3
Ws2

W

]

2 = −U
ẽg1∗
s1,1

 sW

(
1− 2c2

W

)
c2

W

(
δZẽg2

1,s2U
ẽg1
1,1 + δZẽg2

2,s2U
ẽg1
2,1

)
+((

(δsW)
(

6− 4c2
W

)
+ (2 (δZe) + δZZZ) sW

(
1− 2c2

W

))
c2

W − (δsW)
(

2s2
W − 4s4

W

))
U

ẽg1
s2,1

+ sW(−( 1 )) + 2s2
Wc3

W (δZγZ) δs1,s2

1 =
2sWU

ẽg1∗
s1,2

(
sWc2

W

(
δZẽg2

1,s2U
ẽg1
1,2 + δZẽg2

2,s2U
ẽg1
2,2

)
+
(
(2 (δsW) + (2 (δZe) + δZZZ) sW) c2

W + 2 (δsW) s2
W

)
U

ẽg1
s2,2

)
+

c2
W

((
1− 2c2

W

) (
δZ

ẽg1
1,s1U

ẽg1∗
1,1 + δZ

ẽg1
2,s1U

ẽg1∗
2,1

)
U

ẽg1
s2,1 + 2s2

W

(
δZ

ẽg1
1,s1U

ẽg1∗
1,2 + δZ

ẽg1
2,s1U

ẽg1∗
2,2

)
U

ẽg1
s2,2

)

C
245

(
ν̃g1, ẽs2,†

g2 , W−
)
=

 − ieδg1,g2

2
√

2s2
W

 sW

(
U

ẽg1
1,1δZẽg2

1,s2 + U
ẽg1
2,1δZẽg2

2,s2

)
−

U
ẽg1
s2,1

(
2 (δsW)− sW

(
2 (δZe) + δZW + δZν̃

1,1
))

 
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C
246

(
ẽs1

g1, ν̃†g2, W+
)
=

 ieδg1,g2

2
√

2s2
W

 U ẽg2∗
s1,1

(
2 (δsW)− sW

(
2 (δZe) + δZW + δZν̃

1,1

))
−

sW

(
U ẽg2∗

1,1 δZ
ẽg1
1,s1 + U ẽg2∗

2,1 δZ
ẽg1
2,s1

)
 

C
425

(
ν̃g1, ν̃†g2,γ

)
=

[
−

ieδg1,g2 (δZZγ)

4cWsW

]

[SSV] 2 Squarks – Gauge Boson

C
239

(
ũs1

g1, ũs2,†
g2 ,γ

)
=

[
−

ie( 1 )δg1,g2

12cWsW

]

1 = 4cWsW

 δs1,s2 (2 (δZe) + δZγγ) + δs1,1δZũg2
1,s2 + δs1,2δZũg2

2,s2 +

δs2,1δZ
ũg1
1,s1 + δs2,2δZ

ũg1
2,s1

+ (δZZγ)
((

3− 4s2
W

)
U

ũg1
s2,1U

ũg1∗
s1,1 − 4s2

WU
ũg1
s2,2U

ũg1∗
s1,2

)

C
240

(
ũs1

g1, ũs2,†
g2 , Z

)
=

[
−

ie( 2 )δg1,g2

12c3
Ws2

W

]

2 = −U
ũg1∗
s1,1

 sW

(
1− 4c2

W

)
c2

W

(
δZũg2

1,s2U
ũg1
1,1 + δZũg2

2,s2U
ũg1
2,1

)
+((

(δsW)
(

14− 8c2
W

)
+ (2 (δZe) + δZZZ) sW

(
1− 4c2

W

))
c2

W + 2 (δsW)
(

1− 4c2
W

)
s2

W

)
U

ũg1
s2,1

+ sW(−( 1 )) + 4s2
Wc3

W (δZγZ) δs1,s2

1 =
4sWU

ũg1∗
s1,2

(
sWc2

W

(
δZũg2

1,s2U
ũg1
1,2 + δZũg2

2,s2U
ũg1
2,2

)
+
(
(2 (δsW) + (2 (δZe) + δZZZ) sW) c2

W + 2 (δsW) s2
W

)
U

ũg1
s2,2

)
+

c2
W

((
1− 4c2

W

) (
δZ

ũg1
1,s1U

ũg1∗
1,1 + δZ

ũg1
2,s1U

ũg1∗
2,1

)
U

ũg1
s2,1 + 4s2

W

(
δZ

ũg1
1,s1U

ũg1∗
1,2 + δZ

ũg1
2,s1U

ũg1∗
2,2

)
U

ũg1
s2,2

)

C
241

(
d̃s1

g1, d̃s2,†
g2 ,γ

)
=

[
ie( 1 )δg1,g2

12cWsW

]

1 = 2cWsW

 δs1,s2 (2 (δZe) + δZγγ) + δs1,1δZd̃g2
1,s2 + δs1,2δZd̃g2

2,s2 +

δs2,1δZ
d̃g1
1,s1 + δs2,2δZ

d̃g1
2,s1

+ (δZZγ)

((
3− 2s2

W

)
U

d̃g1
s2,1U

d̃g1∗
s1,1 − 2s2

WU
d̃g1
s2,2U

d̃g1∗
s1,2

)

C
242

(
d̃s1

g1, d̃s2,†
g2 , Z

)
=

[
−

ieδg1,g2

12c3
Ws2

W

(
( 2 )sW − 2δs1,s2 (δZγZ) c3

Ws2
W − ( 1 )U

d̃g1∗
s1,1

) ]

2 =
2sWU

d̃g1∗
s1,2

(
sWc2

W

(
δZd̃g2

1,s2U
d̃g1
1,2 + δZd̃g2

2,s2U
d̃g1
2,2

)
+
(
(2 (δsW) + (2 (δZe) + δZZZ) sW) c2

W + 2 (δsW) s2
W

)
U

d̃g1
s2,2

)
−

c2
W

((
2c2

W + 1
)(

δZ
d̃g1
1,s1U

d̃g1∗
1,1 + δZ

d̃g1
2,s1U

d̃g1∗
2,1

)
U

d̃g1
s2,1 − 2s2

W

(
δZ

d̃g1
1,s1U

d̃g1∗
1,2 + δZ

d̃g1
2,s1U

d̃g1∗
2,2

)
U

d̃g1
s2,2

)
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1 = U
d̃g1
s2,1

 c2
W

(
(2 (δZe) + δZZZ) sW − 2 (δsW)

(
5− 2s2

W

))
+

2
(
(2 (δsW) + (2 (δZe) + δZZZ) sW) c4

W + (δsW) s2
W

)
+ sWc2

W

(
2c2

W + 1
) (

U
d̃g1
2,1δZd̃g2

2,s2 + U
d̃g1
1,1δZd̃g2

1,s2

)

C
243

(
ũs1

g1, d̃s2,†
g2 , W−

)
=

[
− ie( 1 )

2
√

2s2
W

]

1 = CKM∗g1,g2


sW

(
δZ

ũg1
1,s1U

ũg1∗
1,1 + δZ

ũg1
2,s1U

ũg1∗
2,1

)
Ud̃g2

s2,1 + sW

(
δZd̃g2

1,s2Ud̃g2
1,1 + δZd̃g2

2,s2Ud̃g2
2,1

)
−

(2 (δsW)− (2 (δZe) + δZW) sW)Ud̃g2
s2,1

U
ũg1∗
s1,1

+ 2sWUd̃g2
s2,1δCKM∗g1,g2U

ũg1∗
s1,1

C
244

(
d̃s1

g1, ũs2,†
g2 , W+

)
=

[
− ie( 1 )

2
√

2s2
W

]

1 = CKMg2,g1


sW

(
δZ

d̃g1
1,s1U

d̃g1∗
1,1 + δZ

d̃g1
2,s1U

d̃g1∗
2,1

)
Uũg2

s2,1 + sW

(
δZũg2

1,s2Uũg2
1,1 + δZũg2

2,s2Uũg2
2,1

)
+((

2 (δZe) + δZW
)

sW − 2 (δsW)
)

Uũg2
s2,1

U
d̃g1∗
s1,1

+ 2sW
(
δCKMg2,g1

)
Uũg2

s2,1U
d̃g1∗
s1,1

[SSV] 2 Squarks – Gluon

C
454

(
ũs1

g1, ũs2,†
g2 , g

)
=

 −(1
2

igsδg1,g2Tg3
c2,c1

) δs1,s2
(
2
(
δZgs

)
+ δZgg

)
+ δs1,1δZũg2

1,s2 + δs1,2δZũg2
2,s2 + δs2,1δZ

ũg1
1,s1 +

δs2,2δZ
ũg1
2,s1

 

C
455

(
d̃s1

g1, d̃s2,†
g2 , g

)
=

 −(1
2

igsδg1,g2Tg3
c2,c1

) δs1,s2
(
2
(
δZgs

)
+ δZgg

)
+ δs1,1δZd̃g2

1,s2 + δs1,2δZd̃g2
2,s2 + δs2,1δZ

d̃g1
1,s1 +

δs2,2δZ
d̃g1
2,s1

 

[SVV] Higgs – 2 Gauge Bosons

C
5

(
G−,γ, W+

)
=

[
− ie

2cWMW

(
sW (δZZγ) M2

W − cW

((
2 (δZe) + δZW + δZγγ + δZG−G−

)
M2

W + δM2
W

)) ]

C
6

(
G+,γ, W−

)
=

[
− ie

2cWMW

(
sW (δZZγ) M2

W − cW

(
(2 (δZe) + δZW + δZγγ + δZG−G−) M2

W + δM2
W

)) ]
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C
7

(
G−, Z, W+

)
=

[
ie

2MWc3
W

(
M2

W

(
(δZγZ) c3

W − 2 (δsW) s2
W

)
− c2

W

((
2 (δsW) + sW

(
2 (δZe) + δZW + δZZZ + δZG−G−

))
M2

W + sWδM2
W

)) ]

C
8

(
G+, Z, W−

)
=

[
ie

2MWc3
W

(
M2

W

(
(δZγZ) c3

W − 2 (δsW) s2
W

)
− c2

W

(
(2 (δsW) + sW (2 (δZe) + δZW + δZZZ + δZG−G−)) M2

W + sWδM2
W

)) ]

C
81

(
h0, Z, Z

)
=

 ie
2MWc4

Ws2
W


4sβ-α (δsW) M2

Ws2
W− 2sβ-α (δsW) M2
W−

sW

((
sβ-α (2 (δZe + δZZZ) + δZhh) + cβ-α

(
δZhH + 2 (δtβ) c2

β

))
M2

W + sβ-αδM2
W

)
 c2

W




C
82

(
H0, Z, Z

)
=

 ie
2MWc4

Ws2
W

 sWsβ-αc2
W

(
δZhH − 2 (δtβ) c2

β

)
M2

W +

cβ-α

(
4 (δsW) M2

Ws2
W − c2

W

(
2 (δsW) M2

W − sW

(
(2 (δZe + δZZZ) + δZHH) M2

W + δM2
W

)))
 

C
83

(
h0, W−, W+

)
=

 − ie
2MWs2

W

 2sβ-α (δsW) M2
W−

sW

((
sβ-α

(
2 (δZe) + δZW + δZW + δZhh

)
+ cβ-α

(
δZhH + 2 (δtβ) c2

β

))
M2

W + sβ-αδM2
W

)
 

C
84

(
H0, W−, W+

)
=

[
ie

2MWs2
W

(
sWsβ-α

(
δZhH − 2 (δtβ) c2

β

)
M2

W − cβ-α

(
2 (δsW) M2

W − sW

((
2 (δZe) + δZW + δZW + δZHH

)
M2

W + δM2
W

))) ]

C
407

(
h0, Z,γ

)
=

[
ieMWsβ-α (δZZγ)

2sWc2
W

]

C
408

(
H0, Z,γ

)
=

[
iecβ-αMW (δZZγ)

2sWc2
W

]

C
409

(
H−,γ, W+

)
=

[
−
(

1
2

ieMW

)
(2sβ (δcβ)− 2cβ (δsβ)− δZG−H−)

]

C
410

(
H+,γ, W−

)
=

[
−
(

1
2

ieMW

)
(2sβ (δcβ)− 2cβ (δsβ)− δZH−G−)

]

C
411

(
H−, Z, W+

)
=

[
ieMWsW

2cW
(2sβ (δcβ)− 2cβ (δsβ)− δZG−H−)

]

C
412

(
H+, Z, W−

)
=

[
ieMWsW

2cW
(2sβ (δcβ)− 2cβ (δsβ)− δZH−G−)

]
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[UUV] 2 Ghosts – Gauge Boson

C
19
(u−, u−,γ) = −

(
1
2

ie
)(

cW (δZZγ)

sW
+ 2 (δZe) + 2 (δUW)− δZW + δZγγ

)  1

0



C
20
(u+, u+,γ) =

(
1
2

ie
)(

cW (δZZγ)

sW
+ 2 (δZe) + 2 (δUW)− δZW + δZγγ

)  1

0



C
21
(u−, u−, Z) =

ie
2cWs2

W
(2 (δsW)− cWsW (cW (2 (δZe + δUW)− δZW + δZZZ) + sW (δZγZ)))

 1

0



C
22
(u+, u+, Z) = − ie

2cWs2
W

(2 (δsW)− cWsW (cW (2 (δZe + δUW)− δZW + δZZZ) + sW (δZγZ)))

 1

0



C
23

(
u−, uγ , W−

)
= ie

(
cW (δUZγ)

sW
+ δZe + δUγγ

)  1

0



C
24

(
u+, uγ , W+

)
= −ie

(
cW (δUZγ)

sW
+ δZe + δUγγ

)  1

0



C
25

(
uγ , u+, W−

)
=

(
1
2

ie
)(

cW (δZγZ)

sW
− 2 (δZe)− 2 (δUW)− δZW + δZγγ

)  1

0



C
26

(
uγ , u−, W+

)
= ie

(
δUW −

1
2

(
cW (δZγZ)

sW
− 2 (δZe)− δZW + δZγγ

))  1

0


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C
27

(
u−, uZ, W−

)
= − ie

cWs2
W

(δsW − cWsW (cW (δZe + δUZZ) + sW (δUγZ)))

 1

0



C
28

(
u+, uZ, W+

)
=

ie
cWs2

W
(δsW − cWsW (cW (δZe + δUZZ) + sW (δUγZ)))

 1

0



C
29

(
uZ, u+, W−

)
=

ie
2cWs2

W
(2 (δsW)− cWsW (cW (2 (δZe + δUW) + δZW − δZZZ)− sW (δZZγ)))

 1

0



C
30

(
uZ, u−, W+

)
= − ie

2cWs2
W

(2 (δsW)− cWsW (cW (2 (δZe + δUW) + δZW − δZZZ)− sW (δZZγ)))

 1

0



[VVV] 3 Gauge Bosons

C
9

(
γ, W+, W−

)
=

[
−
(

1
2

ie
)(

cW (δZZγ)

sW
+ 2 (δZe + δZW) + δZγγ

) ]

C
10

(
Z, W+, W−

)
=

[
ie

2cWs2
W

(2 (δsW)− cWsW (cW (2 (δZe + δZW) + δZZZ) + sW (δZγZ)))

]

[VVV] 3 Gluons

C
449
(g, g, g) =

[ (
1
2

gs f g1,g2,g3
) (

2
(
δZgs

)
+ 3

(
δZgg

)) ]

[SSSS] 4 Higgs

C
91

(
h0, h0, h0, h0

)
=

[
−3ie2c2α

2c4
Ws3

W

(
s2αsW (δZhH) c2

W − c2α

(
(δsW − sW (δZe + δZhh)) c2

W − (δsW) s2
W

)) ]
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C
92

(
h0, h0, h0, H0

)
=

[
−3ie2s2α

8c4
Ws3

W

(
2s2αsW (δZhH) c2

W − c2α

(
(4 (δsW)− sW (4 (δZe) + 3 (δZhh) + δZHH)) c2

W − 4 (δsW) s2
W

)) ]

C
93

(
h0, h0, H0, H0

)
=

[
− ie2

4c4
Ws3

W

(
1− 3s2

2α

) (
(2 (δsW)− sW (2 (δZe) + δZhh + δZHH)) c2

W − 2 (δsW) s2
W

) ]

C
94

(
h0, H0, H0, H0

)
=

[
−3ie2s2α

8c4
Ws3

W

(
2s2αsW (δZhH) c2

W + c2α

(
(4 (δsW)− sW (4 (δZe) + δZhh + 3 (δZHH))) c2

W − 4 (δsW) s2
W

)) ]

C
95

(
H0, H0, H0, H0

)
=

[
3ie2c2α

2c4
Ws3

W

(
s2αsW (δZhH) c2

W + c2α

(
(δsW − sW (δZe + δZHH)) c2

W − (δsW) s2
W

)) ]

C
96

(
h0, h0, A0, A0

)
=

 − ie2

4c4
Ws3

W

 s2βsW (δZAG) c2
W−

c2β

(
(2 (δsW)− sW (2 (δZe) + δZAA + δZhh)) c2

W − 2 (δsW) s2
W

)
 c2α + c2βs2αsW (δZhH) c2

W

 

C
97

(
h0, h0, G0, G0

)
=

 ie2

4c4
Ws3

W

−
 s2βsW (δZAG) c2

W +

c2β

(
(2 (δsW)− sW (2 (δZe) + δZGG + δZhh)) c2

W − 2 (δsW) s2
W

)
 c2α + c2βs2αsW (δZhH) c2

W

 

C
98

(
h0, h0, A0, G0

)
=

 ie2s2β

8c4
Ws3

W

 c2α

(
(4 (δsW)− sW (4 (δZe) + δZAA + δZGG + 2 (δZhh))) c2

W − 4 (δsW) s2
W

)
−

2s2αsW (δZhH) c2
W

 

C
99

(
h0, H0, A0, A0

)
=

 − ie2s2α

8c4
Ws3

W

 2s2βsW (δZAG) c2
W−

c2β

(
(4 (δsW)− sW (4 (δZe) + 2 (δZAA) + δZhh + δZHH)) c2

W − 4 (δsW) s2
W

)
 

C
100

(
h0, H0, G0, G0

)
=

 − ie2s2α

8c4
Ws3

W

 2s2βsW (δZAG) c2
W +

c2β

(
(4 (δsW)− sW (4 (δZe) + 2 (δZGG) + δZhh + δZHH)) c2

W − 4 (δsW) s2
W

)
 

C
101

(
h0, H0, A0, G0

)
=

[
ie2s2αs2β

8c4
Ws3

W

(
(4 (δsW)− sW (4 (δZe) + δZAA + δZGG + δZhh + δZHH)) c2

W − 4 (δsW) s2
W

) ]

C
102

(
H0, H0, A0, A0

)
=

 ie2

4c4
Ws3

W

−
 s2αsW (δZhH) c2

W +

c2α

(
(2 (δsW)− sW (2 (δZe) + δZAA + δZHH)) c2

W − 2 (δsW) s2
W

)
 c2β + c2αs2βsW (δZAG) c2

W

 

C
103

(
H0, H0, G0, G0

)
=

 ie2

4c4
Ws3

W

 s2βsW (δZAG) c2
W +

c2β

(
(2 (δsW)− sW (2 (δZe) + δZGG + δZHH)) c2

W − 2 (δsW) s2
W

)
 c2α + c2βs2αsW (δZhH) c2

W

 
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C
104

(
H0, H0, A0, G0

)
=

 − ie2s2β

8c4
Ws3

W

 2s2αsW (δZhH) c2
W +

c2α

(
(4 (δsW)− sW (4 (δZe) + δZAA + δZGG + 2 (δZHH))) c2

W − 4 (δsW) s2
W

)
 

C
105

(
h0, h0, H−, H+

)
=

 ie2

8c4
Ws3

W


( 1 )c4

W − 4c2αc2β (δsW) s4
W− s2β (δZG−H− + δZH−G−) +

c2β
(
4 (δZe) + δZH−H− + 2 (δZhh) + δZH−H−

)
 c2α + 2c2βs2α (δZhH)

 c2
Ws3

W




1 = 4 (1− s2αs2β) (δsW)− sW

 4 (δZe) + δZH−H− + 2 (δZhh) + δZH−H− + (δZG−H− + δZH−G−) c2βs2α +(
2 (δZhH) c2α −

(
4 (δZe) + δZH−H− + 2 (δZhh) + δZH−H−

)
s2α
)

s2β



C
106

(
h0, h0, G−, G+

)
=

 ie2

8c4
Ws3

W


( 1 )c4

W + 4c2αc2β (δsW) s4
W + 2c2βs2α (δZhH) +

c2α (2c2β (2 (δZe) + δZhh + δZG−G−)− s2β (δZG−H− + δZH−G−))

 c2
Ws3

W




1 = 4 (s2αs2β + 1) (δsW)− sW

 4 (δZe) (s2αs2β + 1) + 2 (δZhh + δZG−G− − ((δZhH) c2α − (δZhh + δZG−G−) s2α) s2β) +

(δZG−H− + δZH−G−) c2βs2α



C
107

(
h0, h0, H−, G+

)
=

[
ie2( 1 )

8c4
Ws3

W

]

1 =
c2β (4 (δsW) s2α + (2 (δZhH) c2α − (4 (δZe) + 2 (δZhh) + δZG−G− + δZH−H−) s2α) sW) c4

W−

sW

(
2 (δZG−H−) c4

W + s2β

(
2 (δZhH) s2αc2

W + c2α

(
4 (δsW) sW + (4 (δZe) + 2 (δZhh) + δZG−G− + δZH−H−) c2

W

))
s2

W

)

C
108

(
h0, h0, G−, H+

)
=

[
ie2( 1 )

8c4
Ws3

W

]

1 =
c2β
(
4 (δsW) s2α +

(
2 (δZhH) c2α −

(
4 (δZe) + δZH−H− + 2 (δZhh) + δZG−G−

)
s2α
)

sW
)

c4
W−

sW

(
2 (δZH−G−) c4

W + s2β

(
2 (δZhH) s2αc2

W + c2α

(
4 (δsW) sW +

(
4 (δZe) + δZH−H− + 2 (δZhh) + δZG−G−

)
c2

W

))
s2

W

)

C
109

(
h0, H0, H−, H+

)
=

[
− ie2( 1 )

8c4
Ws3

W

]

72



1 =

sWc2
W

(
2 (δZhH) c2

W + (δZG−H− + δZH−G−) s2αs2βs2
W

)
+

c2βs2α

(
4 (δsW) sW +

(
4 (δZe) + δZH−H− + δZhh + δZHH + δZH−H−

)
c2

W

)
s3

W−

c2α
(
4 (δsW) s2β +

(
(δZG−H− + δZH−G−) c2β −

(
4 (δZe) + δZH−H− + δZhh + δZHH + δZH−H−

)
s2β
)

sW
)

c4
W

C
110

(
h0, H0, G−, G+

)
=

[
− ie2( 1 )

8c4
Ws3

W

]

1 =

−c2βs2α

(
4 (δsW) sW + (4 (δZe) + δZhh + δZHH + 2 (δZG−G−)) c2

W

)
s3

W +

sWc2
W

(
2 (δZhH) c2

W + (δZG−H− + δZH−G−) s2αs2βs2
W

)
+

c2α (4 (δsW) s2β − ((δZG−H− + δZH−G−) c2β + (4 (δZe) + δZhh + δZHH + 2 (δZG−G−)) s2β) sW) c4
W

C
111

(
h0, H0, H−, G+

)
=

[
− ie2( 1 )

8c4
Ws3

W

]

1 =
s2αs2β

(
4 (δsW) sW + (4 (δZe) + δZhh + δZHH + δZG−G− + δZH−H−) c2

W

)
s3

W +

c2αc2β (4 (δsW)− (4 (δZe) + δZhh + δZHH + δZG−G− + δZH−H−) sW) c4
W

C
112

(
h0, H0, G−, H+

)
=

[
− ie2( 1 )

8c4
Ws3

W

]

1 =
s2αs2β

(
4 (δsW) sW +

(
4 (δZe) + δZH−H− + δZhh + δZHH + δZG−G−

)
c2

W

)
s3

W +

c2αc2β
(
4 (δsW)−

(
4 (δZe) + δZH−H− + δZhh + δZHH + δZG−G−

)
sW
)

c4
W

C
113

(
H0, H0, H−, H+

)
=

 ie2

8c4
Ws3

W


( 1 )c4

W + 4c2αc2β (δsW) s4
W−−

 s2β (δZG−H− + δZH−G−) +

c2β
(
4 (δZe) + δZH−H− + 2 (δZHH) + δZH−H−

)
 c2α + 2c2βs2α (δZhH)

 c2
Ws3

W




1 = 4 (s2αs2β + 1) (δsW)− sW

 δZH−H− + δZH−H− + 2 (δZHH + (δZhH) c2αs2β) + 4 (δZe) (s2αs2β + 1) −

s2α
(
(δZG−H− + δZH−G−) c2β −

(
δZH−H− + 2 (δZHH) + δZH−H−

)
s2β
)



C
114

(
H0, H0, G−, G+

)
=

 ie2

8c4
Ws3

W


( 1 )c4

W − 4c2αc2β (δsW) s4
W + 2c2βs2α (δZhH) −

c2α (2c2β (2 (δZe) + δZHH + δZG−G−)− s2β (δZG−H− + δZH−G−))

 c2
Ws3

W




73



1 = (4− 4s2αs2β) (δsW)− sW

 4 (δZe) + 2 (δZHH + δZG−G−)− 2 ((δZhH) c2α + (2 (δZe) + δZHH + δZG−G−) s2α) s2β−

(δZG−H− + δZH−G−) c2βs2α



C
115

(
H0, H0, H−, G+

)
=

[
− ie2( 1 )

8c4
Ws3

W

]

1 =
s2β

(
2 (δZhH) s2αc2

W − c2α

(
4 (δsW) sW + (4 (δZe) + 2 (δZHH) + δZG−G− + δZH−H−) c2

W

))
s3

W +

(2 (δZG−H−) sW + c2β (4 (δsW) s2α − (2 (δZhH) c2α + (4 (δZe) + 2 (δZHH) + δZG−G− + δZH−H−) s2α) sW)) c4
W

C
116

(
H0, H0, G−, H+

)
=

[
− ie2( 1 )

8c4
Ws3

W

]

1 =
s2β

(
2 (δZhH) s2αc2

W − c2α

(
4 (δsW) sW +

(
4 (δZe) + δZH−H− + 2 (δZHH) + δZG−G−

)
c2

W

))
s3

W +(
2 (δZH−G−) sW + c2β

(
4 (δsW) s2α −

(
2 (δZhH) c2α +

(
4 (δZe) + δZH−H− + 2 (δZHH) + δZG−G−

)
s2α
)

sW
))

c4
W

C
117

(
h0, A0, H−, G+

)
=

[
− e2( 1 )

8s3
W

]

1 =
(δZG−G−) sWsβ-α − (cα (4 (δsW)− (4 (δZe) + δZAA + δZhh + δZH−H−) sW) + (δZAG − δZhH) sWsα) sβ +

cβ (4 (δsW) sα − sW ((δZAG − δZhH) cα + (4 (δZe) + δZAA + δZhh + δZH−H−) sα))

C
118

(
h0, A0, G−, H+

)
=

[
e2( 1 )

8s3
W

]

1 =
sW
((
δZH−H−

)
sβ-α − (δZAG − δZhH) sαsβ

)
− cα (4 (δsW)− (4 (δZe) + δZAA + δZhh + δZG−G−) sW) sβ +

cβ (4 (δsW) sα − sW ((δZAG − δZhH) cα + (4 (δZe) + δZAA + δZhh + δZG−G−) sα))

C
119

(
h0, G0, H−, G+

)
=

[
− e2( 1 )

8s3
W

]

1 =
cαcβ (4 (δsW)− (4 (δZe) + δZGG + δZhh + δZH−H−) sW) + ((δZAG + δZhH) cαsW + 4 (δsW) sα) sβ−

sW ((δZG−G−) cβ-α + sα ((δZAG + δZhH) cβ + (4 (δZe) + δZGG + δZhh + δZH−H−) sβ))

C
120

(
h0, G0, G−, H+

)
=

[
e2( 1 )

8s3
W

]
74



1 =
cαcβ (4 (δsW)− (4 (δZe) + δZGG + δZhh + δZG−G−) sW) + ((δZAG + δZhH) cαsW + 4 (δsW) sα) sβ−

sW
((
δZH−H−

)
cβ-α + sα ((δZAG + δZhH) cβ + (4 (δZe) + δZGG + δZhh + δZG−G−) sβ)

)
C
121

(
H0, A0, H−, G+

)
=

[
e2( 1 )

8s3
W

]

1 =
4 (δsW) sαsβ − cα ((δZAG + δZhH) sWsβ − cβ (4 (δsW)− (4 (δZe) + δZAA + δZHH + δZH−H−) sW)) −

sW ((δZG−G−) cβ-α − sα ((δZAG + δZhH) cβ − (4 (δZe) + δZAA + δZHH + δZH−H−) sβ))

C
122

(
H0, A0, G−, H+

)
=

[
− e2( 1 )

8s3
W

]

1 =
4 (δsW) sαsβ − cα ((δZAG + δZhH) sWsβ − cβ (4 (δsW)− (4 (δZe) + δZAA + δZHH + δZG−G−) sW)) −

sW
((
δZH−H−

)
cβ-α − sα ((δZAG + δZhH) cβ − (4 (δZe) + δZAA + δZHH + δZG−G−) sβ)

)
C
123

(
H0, G0, H−, G+

)
=

[
e2( 1 )

8s3
W

]

1 =
cα (4 (δsW)− (4 (δZe) + δZGG + δZHH + δZH−H−) sW) sβ − sW ((δZAG − δZhH) sαsβ + (δZG−G−) sβ-α) −

cβ (4 (δsW) sα + sW ((δZAG − δZhH) cα − (4 (δZe) + δZGG + δZHH + δZH−H−) sα))

C
124

(
H0, G0, G−, H+

)
=

[
e2( 1 )

8s3
W

]

1 =
sW
(
(δZAG − δZhH) sαsβ +

(
δZH−H−

)
sβ-α

)
− cα (4 (δsW)− (4 (δZe) + δZGG + δZHH + δZG−G−) sW) sβ +

cβ (4 (δsW) sα + sW ((δZAG − δZhH) cα − (4 (δZe) + δZGG + δZHH + δZG−G−) sα))

C
125

(
A0, A0, A0, A0

)
=

[
3ie2( 4 )

64c4
Ws3

W

]

4 =

( 3 )s2β − ( 2 )c2
W + (δsW) s2

W

(
9s6

2β − 32s12
β − 2s4

2β

(
−4c2β − s4

β + 8
)
+ 16s2

2β

(
2− 3s4

β

)
s4
β

)
+

32c12
β

(
(δsW − (δZe + δZAA) sW) c2

W − (δsW) s2
W

)
−

2c2
βs2

2β

(
(δZAG) s2βsWc2

W

(
14− 3s2

2β

)
− 4c2β

(
4− s2

2β

) (
(δsW − (δZe + δZAA) sW) c2

W − (δsW) s2
W

))
75



3 =
−2c4

β

(
8 (δZAG) c2βsWc2

W

(
3s2

2β + 1
)
+ s2β

(
−24c2

2β − 11s2
2β + 16

) (
(δsW − (δZe + δZAA) sW) c2

W − (δsW) s2
W

))
+

4c6
β

(
(δZAG) sWc2

W

(
5s2

2β + 4
)
− 8c2βs2β

(
(δsW − (δZe + δZAA) sW) c2

W − (δsW) s2
W

))

2 =
( 1 )sW − (δsW − (δZe + δZAA) sW)

(
8 (2− c2β) s4

2β − 9s6
2β + 32s12

β −
(

32s2
2β + 2s4

2β

)
s4
β + 48s2

2βs8
β

)
+

(δZAG) s2βsW

(
16
(

c10
β + c2βc8

β

)
+ 2

(
s2

2βs2
β

(
3s2

2β − 2
(
−s2

β − 6s4
β + 7

))
+ c2β

(
11s4

2β − 12s2
2β

(
1− 2s4

β

)
+ 8

(
s4
β + s8

β

))))

1 =

128 (δcβ) c11
β − 32 (δsβ) c2βs2βc7

β + 128 (δsβ) s11
β + 144 (δsβ) s2

2βs7
β + 96 (δcβ) s2βs9

β +

2cβ
(
(δsβ) s2β

(
16− 15s2

2β

)
+ 2 (δcβ) c2β

(
12− 5s2

2β

))
s2

2β −
(

32 (δcβ) s2β − 112 (δsβ) c2βs2
2β − 32 (δcβ) s3

2β

)
s5
β−(

48 (δsβ) s2
2β − 16 (δcβ) c2βs3

2β + 24 (δsβ) s4
2β

)
s3
β−

sβ
(

48 (δsβ) c2βs2
2β − 8 (δcβ) (4− c2β) s3

2β − 20 (δsβ) c2βs4
2β + 42 (δcβ) s5

2β

)
+

s2β

(
8c3

β

(
18 (δcβ) s2βc2

2β + (δsβ) c2β

(
4− 3s2

2β

)
− 6 (δcβ) s2β

(
1− s2

2β

))
− 16c5

β

(
7 (δcβ) c2βs2β − (δsβ)

(
4− s2

2β

)))

C
126

(
A0, A0, A0, G0

)
=

[
− 3ie2

16c4
Ws3

W

(
2( 5 ) + ( 2 )c2βs2β

) ]

5 =

1
32

( 3 )sWc2
W − c11

β

(
(4 (δsW) sβ − sW (2 (δsβ) + (4 (δZe) + 3 (δZAA) + δZGG) sβ)) c2

W − 4 (δsW) sβs2
W

)
+ ( 4 )s2

β−(
1
2

s2βs5
β

)(
sβc2

β

(
(4 (δsW)− (4 (δZe) + 3 (δZAA) + δZGG) sW) c2

W − 4 (δsW) s2
W

) (
s2
β + 1

)
− 2 (δsβ) sWc2

W

(
3− 7s4

β

))
−(

1
8

sβs3
2β

)4 (δsW) sβs2
W

(
7− 5s4

β

)
−

 4 (δsW) sβ
(

7− 5s4
β

)
−

sW

(
(δsβ)

(
38− 74s4

β

)
+ (4 (δZe) + 3 (δZAA) + δZGG) sβ

(
7− 5s4

β

))
 c2

W

 −
c7
β

(
4 (δsW) sβs2

W

(
6s4

β + 1
)
+ c2

W

(
sW

(
(4 (δZe) + 3 (δZAA) + δZGG) sβ

(
6s4

β + 1
)
+ (δsβ)

(
44s4

β + 2
))
− 4 (δsW)

(
sβ + 6s5

β

)))

4 =
−c9

β

(
(6 (δsβ) sW − 5 (4 (δsW)− (4 (δZe) + 3 (δZAA) + δZGG) sW) sβ) c2

W + 20 (δsW) sβs2
W

)
+

c5
β

(
4 (δsW) sβs2

W

(
6s4

β + 7
)
− c2

W

(
4 (δsW) sβ

(
6s4

β + 7
)
− sW

(
(4 (δZe) + 3 (δZAA) + δZGG) sβ

(
6s4

β + 7
)
+ 2 (δsβ)

(
26s4

β + 9
))))

3 = (δZAG)

 32c12
β − 32c8

β + 39s6
2β − s4

2β

(
44− 94s4

β

)
− 32

(
1− s4

β

)
s8
β +

s2
2β

(
2c4

β

(
24c2

2β + 59s2
2β + 16

)
+ 16s4

β

(
3s4

β + 2
))

+ 4s2β (δcβ)

 56c9
β + cβ

(
38− 13s2

2β

)
s2

2β − 2c5
β

(
37s2

2β + 12
)
+

2s2βs3
β

(
11s2

2β − 2
(
−s2

β − 4s4
β + 9

))


2 =

−( 1 )sβ − sWc2
W

(
(δZAG) s2β

(
c2
β + 1

) (
4c2

β − 4c4
β − s2

2β

)
− 2 (δcβ)

(
8c7

β + 2c3
β

(
9s2

2β + 2
)
− s2βsβ

(
−11s2

2β − 12s4
β + 6

)))
−

c8
β

(
(4 (δsW)− (4 (δZe) + 3 (δZAA) + δZGG) sW) c2

W − 4 (δsW) s2
W

)
+

c4
β

(
4 (δsW) s2

W

(
22s4

β + 1
)
− c2

W

(
(δsW)

(
88s4

β + 4
)
− sW

(
176 (δsβ) s3

β + (3 (δZAA) + δZGG)
(

22s4
β + 1

)
+ (δZe)

(
88s4

β + 4
))))
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1 =

(δsβ) sWc2
W

(
24c2

β − 48c6
β

)
− s2β

(
3cβ − 6c5

β

) (
(4 (δsW)− (4 (δZe) + 3 (δZAA) + δZGG) sW) c2

W − 4 (δsW) s2
W

)
−

s2
β

4 (δsW) sβs2
W

(
3s2

2β + s4
β + 1

)
− c2

W

4 (δsW)
(

3s2
2βsβ + sβ + s5

β

)
−

 4 (δsβ)
(

9s2
2β + 4s4

β + 2
)
+

(4 (δZe) + 3 (δZAA) + δZGG) sβ
(

3s2
2β + s4

β + 1
)
 sW



C
127

(
A0, A0, G0, G0

)
=

[
− ie2( 2 )

32c4
Ws3

W

]

2 =

2 (δsW) s2
W

(
12s6

2β − 3s4
2β

(
−2c2β − 8s4

β + 5
)
+ 16s2

2βs4
β − 8s8

β

)
+

c2
W

(
( 1 )sW + 2 (δsW)

(
3
(
−2c2β − 4s2

2β + 5
)

s4
2β − 8s2

2β

(
3s2

2β + 2
)

s4
β + 8s8

β

))
+(

8c8
β − s2

2β

(
c2β

(
24c6

β − 6c2
β

(
4− s2

2β

))
+ 8c4

β

(
3s2

2β + 2
))) (

(2 (δsW)− (2 (δZe) + δZAA + δZGG) sW) c2
W − 2 (δsW) s2

W

)

1 =

−48 (δsβ) s2βc9
β − 6cβ

(
2 (δsβ) s2β

(
5− 8s2

2β

)
+ (δcβ) c2β

(
12− 5s2

2β

))
s2

2β − (δsβ)
(

32− 24s2
2β

)
s7
β − 48 (δcβ) s2βs9

β−

12s2βc3
β

(
(δsβ) c2β

(
4− 3s2

2β

)
− (δcβ) s2β

(
13s2

2β + 4
))
−
(

32 (δcβ) s2β − 168 (δsβ) c2βs2
2β + 72 (δcβ) s3

2β

)
s5
β +(

48 (δsβ) s2
2β − 24 (δcβ) c2βs3

2β + 156 (δsβ) s4
2β

)
s3
β +

sβ
(

72 (δsβ) c2βs2
2β − 12 (δcβ) (5− c2β) s3

2β − 30 (δsβ) c2βs4
2β + 96 (δcβ) s5

2β

)
+

8
(

c7
β

(
6 (δsβ) c2βs2β − (δcβ)

(
4− 3s2

2β

))
+ s2βc5

β

(
21 (δcβ) c2βs2β + (δsβ)

(
9s2

2β + 4
)))

−

(2 (δZe) + δZAA + δZGG)
(

3 (5− 2c2β) s4
2β − 12s6

2β −
(

16s2
2β + 24s4

2β

)
s4
β + 8s8

β

)

C
128

(
A0, G0, G0, G0

)
=

[
3ie2

16c4
Ws3

W

(
2( 5 ) + ( 2 )c2βs2β

) ]

5 =

1
32

( 3 )sWc2
W − c11

β

(
(4 (δsW) sβ − sW (2 (δsβ) + (4 (δZe) + δZAA + 3 (δZGG)) sβ)) c2

W − 4 (δsW) sβs2
W

)
+ ( 4 )s2

β−(
1
2

s2βs5
β

)(
sβc2

β

(
(4 (δsW)− (4 (δZe) + δZAA + 3 (δZGG)) sW) c2

W − 4 (δsW) s2
W

) (
s2
β + 1

)
− 2 (δsβ) sWc2

W

(
3− 7s4

β

))
−(

1
8

sβs3
2β

)4 (δsW) sβs2
W

(
7− 5s4

β

)
−

 4 (δsW) sβ
(

7− 5s4
β

)
−

sW

(
(δsβ)

(
38− 74s4

β

)
+ (4 (δZe) + δZAA + 3 (δZGG)) sβ

(
7− 5s4

β

))
 c2

W

 −
c7
β

(
4 (δsW) sβs2

W

(
6s4

β + 1
)
+ c2

W

(
sW

(
(4 (δZe) + δZAA + 3 (δZGG)) sβ

(
6s4

β + 1
)
+ (δsβ)

(
44s4

β + 2
))
− 4 (δsW)

(
sβ + 6s5

β

)))

4 =
−c9

β

(
(6 (δsβ) sW − 5 (4 (δsW)− (4 (δZe) + δZAA + 3 (δZGG)) sW) sβ) c2

W + 20 (δsW) sβs2
W

)
+

c5
β

(
4 (δsW) sβs2

W

(
6s4

β + 7
)
− c2

W

(
4 (δsW) sβ

(
6s4

β + 7
)
− sW

(
(4 (δZe) + δZAA + 3 (δZGG)) sβ

(
6s4

β + 7
)
+ 2 (δsβ)

(
26s4

β + 9
))))
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3 = 4s2β (δcβ)

 56c9
β + cβ

(
38− 13s2

2β

)
s2

2β − 2c5
β

(
37s2

2β + 12
)
+

2s2βs3
β

(
11s2

2β − 2
(
−s2

β − 4s4
β + 9

))
− (δZAG)

 32c12
β − 32c8

β + 39s6
2β − s4

2β

(
44− 94s4

β

)
− 32

(
1− s4

β

)
s8
β +

s2
2β

(
2c4

β

(
24c2

2β + 59s2
2β + 16

)
+ 16s4

β

(
3s4

β + 2
))



2 =

sWc2
W

(
(δZAG) s2β

(
c2
β + 1

) (
4c2

β − 4c4
β − s2

2β

)
+ 2 (δcβ)

(
8c7

β + 2c3
β

(
9s2

2β + 2
)
− s2βsβ

(
−11s2

2β − 12s4
β + 6

)))
− ( 1 )sβ−

c8
β

(
(4 (δsW)− (4 (δZe) + δZAA + 3 (δZGG)) sW) c2

W − 4 (δsW) s2
W

)
+

c4
β

(
4 (δsW) s2

W

(
22s4

β + 1
)
− c2

W

(
(δsW)

(
88s4

β + 4
)
− sW

(
176 (δsβ) s3

β + (δZAA + 3 (δZGG))
(

22s4
β + 1

)
+ (δZe)

(
88s4

β + 4
))))

1 =

(δsβ) sWc2
W

(
24c2

β − 48c6
β

)
− s2β

(
3cβ − 6c5

β

) (
(4 (δsW)− (4 (δZe) + δZAA + 3 (δZGG)) sW) c2

W − 4 (δsW) s2
W

)
−

s2
β

4 (δsW) sβs2
W

(
3s2

2β + s4
β + 1

)
− c2

W

4 (δsW)
(

3s2
2βsβ + sβ + s5

β

)
−

 4 (δsβ)
(

9s2
2β + 4s4

β + 2
)
+

(4 (δZe) + δZAA + 3 (δZGG)) sβ
(

3s2
2β + s4

β + 1
)
 sW



C
129

(
G0, G0, G0, G0

)
=

[
3ie2( 3 )

64c4
Ws3

W

]

3 =

−( 2 )s2β + 32c12
β

(
(δsW − (δZe + δZGG) sW) c2

W − (δsW) s2
W

)
+ (δsW) s2

W

(
9s6

2β − 32s12
β − 2s4

2β

(
−4c2β − s4

β + 8
)
+ 16s2

2β

(
2− 3s4

β

)
s4
β

)
−

c2
W

(
( 1 )sW + (δsW)

(
9s6

2β − 32s12
β − 2s4

2β

(
−4c2β − s4

β + 8
)
+ 16s2

2β

(
2− 3s4

β

)
s4
β

))
+

c2
βs2

2β

(
2 (δZAG) s2βsWc2

W

(
14− 3s2

2β

)
+ 8c2β

(
4− s2

2β

) (
(δsW − (δZe + δZGG) sW) c2

W − (δsW) s2
W

))

2 =
4c6

β

(
(δZAG) sWc2

W

(
5s2

2β + 4
)
+ 8c2βs2β

(
(δsW − (δZe + δZGG) sW) c2

W − (δsW) s2
W

))
−

2c4
β

(
c2

W

(
(δZAG) c2βsW

(
24s2

2β + 8
)
− (δsW − (δZe + δZGG) sW)

(
8s2β

(
2− 3c2

2β

)
− 11s3

2β

))
+ (δsW) s2β

(
−24c2

2β − 11s2
2β + 16

)
s2

W

)
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1 =

128 (δcβ) c11
β − 16 (δZAG) s2β

(
c10
β + c2βc8

β

)
− (δZe)

(
9s6

2β − 32s12
β − 2s4

2β

(
−4c2β − s4

β + 8
)
+ 16s2

2β

(
2− 3s4

β

)
s4
β

)
+

2cβ
(
(δsβ) s2β

(
16− 15s2

2β

)
+ 2 (δcβ) c2β

(
12− 5s2

2β

))
s2

2β−

(δZGG)
(

9s6
2β − 32s12

β − 2s4
2β

(
8− s4

β

)
+ 16s2

2β

(
2− 3s4

β

)
s4
β

) −
 32 (δsβ) c2βc7

β + 16c5
β

(
7 (δcβ) c2βs2β − (δsβ)

(
4− s2

2β

))
−

8c3
β

(
18 (δcβ) s2βc2

2β + (δsβ) c2β

(
4− 3s2

2β

)
− 6 (δcβ) s2β

(
1− s2

2β

))
 s2β−

2


(δcβ) s2β

(
21s4

2β + 16s4
β − 16s2

2β

(
s4
β + 1

)
− 48s8

β

)
+ 4 (δsβ) sβ

(
3s4

2β + s2
2β

(
6− 18s4

β

)
− 16s8

β

)
+

(δZAG) s3
2β

(
3s2

2β − 2
(
−s2

β − 6s4
β + 7

))
 sβ

 sβ−

2

 sβ
(

4 (δcβ) s2
2β

(
1− 2s2

β

)
+ 2 (δsβ) s2β

(
−5s2

2β − 28s4
β + 12

))
+

4 (δZGG) s3
2β + (δZAG)

(
11s4

2β − 12s2
2β

(
1− 2s4

β

)
+ 8

(
s4
β + s8

β

))
 c2βs2β

C
130

(
A0, A0, H−, H+

)
=

 − ie2c2β

8c4
Ws3

W


s2βsW (2 (δZAG) + δZG−H− + δZH−G−) c2

W + 4 (δsW) s2
W−(

4 (δsW)− sW
(
4 (δZe) + δZH−H− + 16cβ (δcβ) + 16sβ (δsβ) + 2 (δZAA) + δZH−H−

))
c2

W

 c2β




C
131

(
A0, A0, H−, G+

)
=

[
− ie2( 1 )

8c4
Ws3

W

]

1 =
−2sWc2

W

(
(δZAG − δZG−H−) c2

W − (δZAG) s2
2β

)
−

c2βs2β

(
(4 (δsW)− sW (4 (δZe) + 2 (δZAA) + δZG−G− + δZH−H− + 16 (δcβ) cβ + 16 (δsβ) sβ)) c2

W − 4 (δsW) s2
W

)

C
132

(
A0, A0, G−, H+

)
=

[
− ie2( 1 )

8c4
Ws3

W

]

1 =
−c2βs2β

((
4 (δsW)− sW

(
4 (δZe) + δZH−H− + 2 (δZAA) + δZG−G− + 16 (δcβ) cβ + 16 (δsβ) sβ

))
c2

W − 4 (δsW) s2
W

)
−

2sWc2
W

(
(δZAG − δZH−G−) c2

W − (δZAG) s2
2β

)

C
133

(
A0, A0, G−, G+

)
=

[
ie2( 1 )

8c4
Ws3

W

]
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1 =
−4
(

c4
W

(
sW (2 (δZe) + δZAA + δZG−G− + 6 (δcβ) cβ + 6 (δsβ) sβ)− (δsW)

(
s2

2β + 1
))
− (δsW) c2

2βs4
W

)
+

c2βsW ((2 (δZAG)− δZG−H− − δZH−G−) s2β + 2c2β (2 (δZe) + δZAA + δZG−G− + 8 (δcβ) cβ + 8 (δsβ) sβ)) c2
W

C
134

(
A0, G0, H−, H+

)
=

[
− ie2( 1 )

8c4
Ws3

W

]

1 =

−c2βs2β

((
4 (δsW)− sW

(
4 (δZe) + δZH−H− + δZAA + δZGG + δZH−H− + 16 (δcβ) cβ + 16 (δsβ) sβ

))
c2

W − 4 (δsW) s2
W

)
+ (2 (δZAG)− δZG−H− − δZH−G−) c2

W +

(δZG−H− + δZH−G−) s2
2β

 sWc2
W

C
135

(
A0, G0, H−, G+

)
=

 ie2

32c4
Ws3

W

−
 (δsW)

(
16− 8

(
s2

2β + s4
2β

)
+ s6

2β

)
−

4sW

(
4 (δZe) + 16cβ (δcβ) + δZAA + δZGG + δZG−G− + δZH−H− + 16sβ (δsβ) c2

2β

)
 c4

W + ( 1 )s2
2β

 

1 =
− (δsW) s2

W

((
−8s2

2β + s4
2β + 24

)
s2

W − 8
(

c8
β + s8

β

))
−

4c2
W

(
sW

(
4 (δZe) + δZAA + δZGG + δZG−G− + δZH−H− + 16 (δcβ) cβ + 16 (δsβ) sβs2

W

)
− (δsW)

(
2− 4s2

W

) (
c8
β + s8

β

))

C
136

(
A0, G0, G−, H+

)
=

 ie2

32c4
Ws3

W

−
 (δsW)

(
16− 8

(
s2

2β + s4
2β

)
+ s6

2β

)
−

4sW

(
4 (δZe) + δZH−H− + 16cβ (δcβ) + δZAA + δZGG + δZG−G− + 16sβ (δsβ) c2

2β

)
 c4

W + ( 1 )s2
2β

 

1 =
− (δsW) s2

W

((
−8s2

2β + s4
2β + 24

)
s2

W − 8
(

c8
β + s8

β

))
−

4c2
W

(
sW

(
4 (δZe) + δZH−H− + δZAA + δZGG + δZG−G− + 16 (δcβ) cβ + 16 (δsβ) sβs2

W

)
− (δsW)

(
2− 4s2

W

) (
c8
β + s8

β

))

C
137

(
A0, G0, G−, G+

)
=

[
− ie2( 1 )

8c4
Ws3

W

]

1 =

c2βs2β

(
(4 (δsW)− sW (4 (δZe) + δZAA + δZGG + 2 (δZG−G−) + 16 (δcβ) cβ + 16 (δsβ) sβ)) c2

W − 4 (δsW) s2
W

)
+ (2 (δZAG)− δZG−H− − δZH−G−) c2

W +

(δZG−H− + δZH−G−) s2
2β

 sWc2
W

C
138

(
G0, G0, H−, H+

)
=

[
ie2( 1 )

8c4
Ws3

W

]
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1 =
4 (δsW) c2

2βs4
W − c4

W

(
2sW

(
4 (δZe) + δZH−H− + 2 (δZGG) + δZH−H− + 12 (δcβ) cβ + 12 (δsβ) sβ

)
− 4 (δsW)

(
s2

2β + 1
))
−

c2βsW
(
(2 (δZAG)− δZG−H− − δZH−G−) s2β − c2β

(
4 (δZe) + δZH−H− + 2 (δZGG) + δZH−H− + 16 (δcβ) cβ + 16 (δsβ) sβ

))
c2

W

C
139

(
G0, G0, H−, G+

)
=

[
ie2( 1 )

8c4
Ws3

W

]

1 =
sW

(
2 (δZAG) (cW − s2β) (cW + s2β) c2

W − 2 (δZG−H−) c4
W

)
−

c2βs2β

(
(4 (δsW)− sW (4 (δZe) + 2 (δZGG) + δZG−G− + δZH−H− + 16 (δcβ) cβ + 16 (δsβ) sβ)) c2

W − 4 (δsW) s2
W

)

C
140

(
G0, G0, G−, H+

)
=

[
ie2( 1 )

8c4
Ws3

W

]

1 =
−c2βs2β

((
4 (δsW)− sW

(
4 (δZe) + δZH−H− + 2 (δZGG) + δZG−G− + 16 (δcβ) cβ + 16 (δsβ) sβ

))
c2

W − 4 (δsW) s2
W

)
+

sW

(
2 (δZAG) (cW − s2β) (cW + s2β) c2

W − 2 (δZH−G−) c4
W

)

C
141

(
G0, G0, G−, G+

)
=

 − ie2c2β

8c4
Ws3

W

 2

 2 (δsW) s2
W−

(2 (δsW)− sW (2 (δZe) + 8cβ (δcβ) + 8sβ (δsβ) + δZGG + δZG−G−)) c2
W

 c2β−

s2βsW (2 (δZAG) + δZG−H− + δZH−G−) c2
W




C
142

(
H−, H−, H+, H+

)
=

[
ie2( 1 )c2β

2c4
Ws3

W

]

1 =

c2
β

(
(2 (δsW)− (2 (δZe) + δZH−H−) sW) c2

W − 2 (δsW) s2
W

)
+ 2 (δsW) s2

Ws2
β− ((

δZH−H−
)

c2β + (δZG−H− + δZH−G−) s2β
)

sW +

(2 (δsW)− (2 (δZe) + δZH−H−) sW) s2
β

 c2
W

C
143

(
H−, H−, H+, G+

)
=

[
− ie2( 1 )

4c4
Ws3

W

]

1 =

−c2βs2β

(
(4 (δsW)− (4 (δZe) + δZG−G− + 2 (δZH−H−)) sW) c2

W − 4 (δsW) s2
W

)
+(

1
2

sWc2
W

) (δZG−H−)
(

2c2
2β − 2c4

β + 3s2
2β − 2s4

β

)
+

2s2β
((
δZH−H−

)
c2β + (δZH−G−) s2β

)

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C
144

(
H−, H−, G+, G+

)
=

[
ie2s2

2β

2c4
Ws3

W

(
(2 (δsW)− sW (2 (δZe) + δZG−G− + δZH−H−)) c2

W − 2 (δsW) s2
W

) ]

C
145

(
H−, G−, H+, H+

)
=

[
ie2( 1 )s2β

4c4
Ws3

W

]

1 =

c2
β

(
(4 (δsW)− (4 (δZe) + δZG−G− + δZH−H−) sW) c2

W − 4 (δsW) s2
W

)
+ 4 (δsW) s2

Ws2
β− (

2
(
δZH−H−

)
c2β + (δZG−H− + δZH−G−) s2β

)
sW +

(4 (δsW)− (4 (δZe) + δZG−G− + δZH−H−) sW) s2
β

 c2
W

C
146

(
H−, G−, H+, G+

)
=

[
− ie2

8c4
Ws3

W

(
1− 2s2

2β

) ((
4 (δsW)− sW

(
4 (δZe) + δZH−H− + 2 (δZG−G−) + δZH−H−

))
c2

W − 4 (δsW) s2
W

) ]

C
147

(
H−, G−, G+, G+

)
=

[
− ie2( 1 )s2β

4c4
Ws3

W

]

1 =

c2
β

(
(4 (δsW)− (4 (δZe) + δZG−G− + δZH−H−) sW) c2

W − 4 (δsW) s2
W

)
+ 4 (δsW) s2

Ws2
β− (2 (δZG−G−) c2β − (δZG−H− + δZH−G−) s2β) sW +

(4 (δsW)− (4 (δZe) + δZG−G− + δZH−H−) sW) s2
β

 c2
W

C
148

(
G−, G−, H+, H+

)
=

[
ie2s2

2β

2c4
Ws3

W

((
2 (δsW)− sW

(
2 (δZe) + δZH−H− + δZG−G−

))
c2

W − 2 (δsW) s2
W

) ]

C
149

(
G−, G−, H+, G+

)
=

 − ie2s2β

4c4
Ws3

W

 c2β

(
(4 (δsW)− sW (4 (δZe) + 3 (δZG−G−))) c2

W − 4 (δsW) s2
W

)
−

sW
(
c2β
(
δZH−H−

)
− s2β (δZG−H− + δZH−G−)

)
c2

W

 

C
150

(
G−, G−, G+, G+

)
=

[
ie2( 1 )c2β

2c4
Ws3

W

]

1 = c2
W

−
 (2 (δsW)− (2 (δZe) + 3 (δZG−G−)) sW) s2

β +

(δZG−G− − (δZG−H− + δZH−G−) s2β) sW

+ c2
β

(
c2

W (2 (δsW)− sW (δZG−G− + 2 (δZe)))− 2s2
W (δsW)

)
+ 2s2

βs2
W (δsW)
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[SSSS] 4 Sleptons

C
380

(
ẽs1

g1, ẽs2,†
g2 , ẽs3

g3, ẽs4,†
g4

)
=

[
− ie2( 19 )

8c4
Wc3

βM4
Ws3

W

]

19 =

(
( 14 )δg1,g4δg2,g3 + ( 18 )δg1,g2δg3,g4

)
U

ẽg1∗
s1,1 − 2

(
( 6 )δg1,g4δg2,g3 + ( 10 )δg1,g2δg3,g4

)
U

ẽg1∗
s1,2 + ( 1 )

(
δZ

ẽg1
1,s1U

ẽg1∗
1,1 + δZ

ẽg1
2,s1U

ẽg1∗
2,1

)
−

2( 2 )
(
δZ

ẽg1
1,s1U

ẽg1∗
1,2 + δZ

ẽg1
2,s1U

ẽg1∗
2,2

)
 cβsWc2

WM2
W

18 =

( 15 )sW −

 2c2
Wc3

βM4
Ws3

WU ẽg3
2,2U

ẽg1
s2,1−

2cβmeg1 meg3 sWc4
WM2

WU ẽg3
2,1U

ẽg1
s2,2

 δZ
ẽg4
2,s4U ẽg3∗

s3,2 + ( 17 )U ẽg3
s4,1−

2


c2

W

(
δZẽg3

1,s3U ẽg3∗
1,2 + δZẽg3

2,s3U ẽg3∗
2,2

)
U

ẽg1
s2,1 + c2

W

(
δZẽg2

1,s2U
ẽg1
1,1 + δZẽg2

2,s2U
ẽg1
2,1

)
+

4
(
(δsW) sW + (δZe) c2

W

)
U

ẽg1
s2,1

U ẽg3∗
s3,2

 c3
βM4

Ws3
WU ẽg3

s4,2

17 =

 c2
βM2

W

(
δZẽg2

1,s2U
ẽg1
1,1 + δZẽg2

2,s2U
ẽg1
2,1

)
U ẽg3∗

s3,1 +

2meg1 meg3 c2
W

(
δZẽg2

1,s2U
ẽg1
1,2 + δZẽg2

2,s2U
ẽg1
2,2

)
U ẽg3∗

s3,2

 cβsWc2
WM2

W − ( 16 )c4
WU

ẽg1
s2,2 + 4

(
((δZe) sW − δsW) c2

W + (δsW) s2
W

)
U ẽg3∗

s3,1 +

sWc2
W

(
δZẽg3

1,s3U ẽg3∗
1,1 + δZẽg3

2,s3U ẽg3∗
2,1

)
 c3

βM4
WU

ẽg1
s2,1

16 =
−4cβ

(
meg1 sWδmeg

g3M2
W + meg3

(
sWδmeg

g1M2
W −meg1

(
sWδM2

W + 2 (δsW) M2
W

)))
U ẽg3∗

s3,2 −

meg1 meg3 sWM2
W

(
2cβ

(
δZẽg3

1,s3U ẽg3∗
1,2 + δZẽg3

2,s3U ẽg3∗
2,2

)
+ 8 ((δZe) cβ − δcβ)U ẽg3∗

s3,2

)

15 =
δZ

ẽg4
1,s4U ẽg3

1,1

(
c2

Wc3
βM4

WU
ẽg1
s2,1U ẽg3∗

s3,1 + 2cβmeg1 meg3 c4
WM2

WU
ẽg1
s2,2U ẽg3∗

s3,2

)
−

c2
Wc3

βM4
WU

ẽg1
s2,1

(
2δZ

ẽg4
1,s4s2

WU ẽg3
1,2U ẽg3∗

s3,2 − δZ
ẽg4
2,s4U ẽg3

2,1U ẽg3∗
s3,1

)

14 = sWU ẽg2
s2,1

 c2
Wc3

βM4
W

(
δZẽg3

1,s3U ẽg2∗
1,1 + δZẽg3

2,s3U ẽg2∗
2,1

)
U

ẽg1
s4,1 +

2cβmeg1 meg2 c4
WM2

W

(
δZẽg3

1,s3U ẽg2∗
1,2 + δZẽg3

2,s3U ẽg2∗
2,2

)
U

ẽg1
s4,2

+ 2( 12 )U ẽg2∗
s3,2 + c3

βM4
W( 13 )
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13 = U ẽg2∗
s3,1


sWc2

W

(
δZẽg2

1,s2U ẽg2
1,1 + δZẽg2

2,s2U ẽg2
2,1

)
U

ẽg1
s4,1 + sWc2

W

(
δZ

ẽg4
1,s4U

ẽg1
1,1 + δZ

ẽg4
2,s4U

ẽg1
2,1

)
+

4
(
((δZe) sW − δsW) c2

W + (δsW) s2
W

)
U

ẽg1
s4,1

U ẽg2
s2,1

− 2c2
Ws3

WU
ẽg1
s4,1U ẽg2

s2,2

(
U ẽg2∗

1,2 δZẽg3
1,s3 + U ẽg2∗

2,2 δZẽg3
2,s3

)

12 =

−( 11 )c4
WU ẽg2

s2,1 − δZẽg2
1,s2

(
c2

Wc3
βM4

Ws3
WU ẽg2

1,2U
ẽg1
s4,1 − cβmeg1 meg2 sWc4

WM2
WU ẽg2

1,1U
ẽg1
s4,2

)
−

δZẽg2
2,s2

(
c2

Wc3
βM4

Ws3
WU ẽg2

2,2U
ẽg1
s4,1 − cβmeg1 meg2 sWc4

WM2
WU ẽg2

2,1U
ẽg1
s4,2

)
−

c3
βM4

Ws3
WU ẽg2

s2,2

(
c2

W

(
δZ

ẽg4
1,s4U

ẽg1
1,1 + δZ

ẽg4
2,s4U

ẽg1
2,1

)
+ 4

(
(δsW) sW + (δZe) c2

W

)
U

ẽg1
s4,1

)

11 =

−4 ((δZe) cβ − δcβ)meg1 meg2 sWM2
WU

ẽg1
s4,2− meg1 meg2 sWM2

W

(
δZ

ẽg4
1,s4U

ẽg1
1,2 + δZ

ẽg4
2,s4U

ẽg1
2,2

)
+

2
(

meg1 sWδmeg
g2M2

W + meg2

(
sWδmeg

g1M2
W −meg1

(
sWδM2

W + 2 (δsW) M2
W

)))
U

ẽg1
s4,2

 cβ

10 =
−( 7 )c3

βM4
Ws3

W − δZ
ẽg4
1,s4

(
cβmeg1 meg3 sWc4

WM2
WU ẽg3

1,2U
ẽg1
s2,1 − c2

Wc3
βM4

Ws3
WU ẽg3

1,1U
ẽg1
s2,2

)
U ẽg3∗

s3,1 − ( 9 )U ẽg3
s4,2−

δZ
ẽg4
2,s4U ẽg3

2,2

(
cβmeg1 meg3 sWc4

WM2
WU

ẽg1
s2,1U ẽg3∗

s3,1 + 2c2
Wc3

βM4
Ws3

WU
ẽg1
s2,2U ẽg3∗

s3,2

)

9 =

δZẽg2
1,s2

(
cβmeg1 meg3 sWc4

WM2
WU

ẽg1
1,1U ẽg3∗

s3,1 + 2c2
Wc3

βM4
Ws3

WU
ẽg1
1,2U ẽg3∗

s3,2

)
− ( 8 )c4

WU
ẽg1
s2,1 +

δZẽg2
2,s2

(
cβmeg1 meg3 sWc4

WM2
WU

ẽg1
2,1U ẽg3∗

s3,1 + 2c2
Wc3

βM4
Ws3

WU
ẽg1
2,2U ẽg3∗

s3,2

)
+

2c3
βM4

Ws3
WU

ẽg1
s2,2

(
c2

W

(
δZẽg3

1,s3U ẽg3∗
1,2 + δZẽg3

2,s3U ẽg3∗
2,2

)
+ 4

(
(δsW) sW + (δZe) c2

W

)
U ẽg3∗

s3,2

)

8 = sWmeg1 meg3 M2
W

−
 4 ((δZe) cβ − δcβ)U ẽg3∗

s3,1 +

cβ
(
δZẽg3

1,s3U ẽg3∗
1,1 + δZẽg3

2,s3U ẽg3∗
2,1

)
− cβU ẽg3∗

s3,1

 2sW

(
meg3δmeg

g1 + meg1δmeg
g3

)
M2

W−

2meg1 meg3

(
sWδM2

W + 2 (δsW) M2
W

)


7 =

c2
WU

ẽg1
s2,2

(
2δZ

ẽg4
1,s4U ẽg3

1,2U ẽg3∗
s3,2 − δZ

ẽg4
2,s4U ẽg3

2,1U ẽg3∗
s3,1

)
− c2

W

(
δZẽg2

1,s2U
ẽg1
1,2 + δZẽg2

2,s2U
ẽg1
2,2 + 4 (δZe)U

ẽg1
s2,2

)
U ẽg3∗

s3,1 +

U
ẽg1
s2,2

(
c2

W

(
δZẽg3

1,s3U ẽg3∗
1,1 + δZẽg3

2,s3U ẽg3∗
2,1

)
+ 4 (δsW) sWU ẽg3∗

s3,1

)
U ẽg3

s4,1

6 = −2c3
βs3

WM4
WU ẽg2∗

s3,2


c2

W

(
δZẽg2

1,s2U ẽg2
1,2 + δZẽg2

2,s2U ẽg2
2,2

)
U

ẽg1
s4,2 + c2

W

(
δZ

ẽg4
1,s4U

ẽg1
1,2 + δZ

ẽg4
2,s4U

ẽg1
2,2

)
+

4
(
(δsW) sW + (δZe) c2

W

)
U

ẽg1
s4,2

U ẽg2
s2,2

+ ( 4 )U ẽg2∗
s3,1 + c2

W(−( 5 ))
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5 =
cβsWM2

W

(
δZẽg3

1,s3U ẽg2∗
1,1 + δZẽg3

2,s3U ẽg2∗
2,1

) (
meg1 meg2 c2

WU ẽg2
s2,2U

ẽg1
s4,1 − c2

βM2
Ws2

WU ẽg2
s2,1U

ẽg1
s4,2

)
+

2c3
βM4

Ws3
W

(
δZẽg3

1,s3U ẽg2∗
1,2 + δZẽg3

2,s3U ẽg2∗
2,2

)
U ẽg2

s2,2U
ẽg1
s4,2

4 =

( 3 )c4
WU ẽg2

s2,2 − δZẽg2
1,s2

(
cβmeg1 meg2 sWc4

WM2
WU ẽg2

1,2U
ẽg1
s4,1 − c2

Wc3
βM4

Ws3
WU ẽg2

1,1U
ẽg1
s4,2

)
−

δZẽg2
2,s2

(
cβmeg1 meg2 sWc4

WM2
WU ẽg2

2,2U
ẽg1
s4,1 − c2

Wc3
βM4

Ws3
WU ẽg2

2,1U
ẽg1
s4,2

)
+

c3
βM4

Ws3
WU ẽg2

s2,1

(
c2

W

(
δZ

ẽg4
1,s4U

ẽg1
1,2 + δZ

ẽg4
2,s4U

ẽg1
2,2

)
+ 4

(
(δsW) sW + (δZe) c2

W

)
U

ẽg1
s4,2

)

3 = cβ


2meg1 meg2

(
sWδM2

W + 2 (δsW) M2
W

)
U

ẽg1
s4,1− meg1 meg2

(
δZ

ẽg4
1,s4U

ẽg1
1,1 + δZ

ẽg4
2,s4U

ẽg1
2,1

)
+

2
(

meg2δmeg
g1 + meg1δmeg

g2

)
U

ẽg1
s4,1

 sWM2
W

− 4sWmeg1 meg2 M2
W (cβ (δZe)− δcβ)U

ẽg1
s4,1

2 =

−δg1,g4δg2,g3U ẽg2∗
s3,1

(
meg1 meg2 c2

WU ẽg2
s2,2U

ẽg1
s4,1 − c2

βM2
Ws2

WU ẽg2
s2,1U

ẽg1
s4,2

)
−

δg1,g2δg3,g4meg1 meg3 c2
WU

ẽg1
s2,1U ẽg3∗

s3,1 U ẽg3
s4,2−

c2
βM2

Ws2
W

(
2δg1,g4δg2,g3U ẽg2

s2,2U ẽg2∗
s3,2 U

ẽg1
s4,2 − δg1,g2δg3,g4U

ẽg1
s2,2

(
U ẽg3∗

s3,1 U ẽg3
s4,1 − 2U ẽg3∗

s3,2 U ẽg3
s4,2

))

1 =
δg1,g4δg2,g3

(
c2
βM2

W

(
U ẽg2

s2,1U ẽg2∗
s3,1 − 2s2

WU ẽg2
s2,2U ẽg2∗

s3,2

)
U

ẽg1
s4,1 + 2meg1 meg2 c2

WU ẽg2
s2,1U ẽg2∗

s3,2 U
ẽg1
s4,2

)
+

δg1,g2δg3,g4

(
2meg1 meg3 c2

WU
ẽg1
s2,2U ẽg3∗

s3,2 U ẽg3
s4,1 + c2

βM2
WU

ẽg1
s2,1

(
U ẽg3∗

s3,1 U ẽg3
s4,1 − 2s2

WU ẽg3∗
s3,2 U ẽg3

s4,2

))

C
381

(
ẽs1

g1, ẽs2,†
g2 , ν̃g3, ν̃†g4

)
=

[
− ie2

8s3
W

(
( 4 )sW + 4( 1 ) (δsW)

) ]
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4 =

− 1
c2

Wc3
βM4

W

(
( 2 )c3

βM4
W + ( 3 )δg1,g4δg2,g3c2

WU
ẽg1∗
s1,2

)
+

δg1,g2δg3,g4

c2
W

((
1− 2c2

W

)
U

ẽg1∗
s1,1 U

ẽg1
s2,1 − 2s2

WU
ẽg1∗
s1,2 U

ẽg1
s2,2

)
+

2δg1,g4δg2,g3

meg1 meg2U
ẽg1∗
s1,2 U ẽg2

s2,2

c2
βM2

W
+ U

ẽg1∗
s1,1 U ẽg2

s2,1



(

4 (δZe) + δZν̃
1,1 + δZν̃

1,1

)
+


δg1,g2δg3,g4

c2
W

((
1− 2c2

W

)
U

ẽg1∗
1,1 U

ẽg1
s2,1 − 2s2

WU
ẽg1∗
1,2 U

ẽg1
s2,2

)
+

2δg1,g4δg2,g3

meg1 meg2U
ẽg1∗
1,2 U ẽg2

s2,2

c2
βM2

W
+ U

ẽg1∗
1,1 U ẽg2

s2,1


 δZ

ẽg1
1,s1 +


δg1,g2δg3,g4

c2
W

((
1− 2c2

W

)
U

ẽg1∗
2,1 U

ẽg1
s2,1 − 2s2

WU
ẽg1∗
2,2 U

ẽg1
s2,2

)
+

2δg1,g4δg2,g3

meg1 meg2U
ẽg1∗
2,2 U ẽg2

s2,2

c2
βM2

W
+ U

ẽg1∗
2,1 U ẽg2

s2,1


 δZ

ẽg1
2,s1

3 = 8meg1 meg2 M2
W (δcβ)U ẽg2

s2,2 − 2cβ

 meg1 meg2 M2
W

(
δZẽg2

1,s2U ẽg2
1,2 + δZẽg2

2,s2U ẽg2
2,2

)
+

2
(

meg1δmeg
g2M2

W + meg2

(
δmeg

g1M2
W −meg1δM2

W

))
U ẽg2

s2,2



2 =

2δg1,g2δg3,g4s2
W

(
δZẽg2

1,s2U
ẽg1
1,2 + δZẽg2

2,s2U
ẽg1
2,2

)
U

ẽg1∗
s1,2 − δZẽg2

1,s2

(
δg1,g2δg3,g4

(
1− 2c2

W

)
U

ẽg1
1,1 + 2δg1,g4δg2,g3c2

WU ẽg2
1,1

)
+

δZẽg2
2,s2

(
δg1,g2δg3,g4

(
1− 2c2

W

)
U

ẽg1
2,1 + 2δg1,g4δg2,g3c2

WU ẽg2
2,1

)
U

ẽg1∗
s1,1

1 =

U
ẽg1∗
s1,1

(
δg1,g2δg3,g4U

ẽg1
s2,1 − 2δg1,g4δg2,g3U ẽg2

s2,1

)
+

δg1,g2δg3,g4s4
W

c4
W

(
U

ẽg1∗
s1,1 U

ẽg1
s2,1 − 2U

ẽg1∗
s1,2 U

ẽg1
s2,2

)
−

2δg1,g4δg2,g3meg1 meg2U
ẽg1∗
s1,2 U ẽg2

s2,2

c2
βM2

W

C
383

(
ν̃g1, ν̃†g2, ν̃g3, ν̃†g4

)
=

[
− ie2

8c4
Ws3

W

(
δg1,g4δg2,g3 + δg1,g2δg3,g4

) (
4 (δsW) s2

W + c2
W

(
4 (sW (δZe)− δsW) + sW

(
2δZν̃

1,1 + 2δZν̃
1,1

))) ]
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[SSSS] 4 Squarks

C
374

(
d̃s1

g1, d̃s2,†
g2 , d̃s3

g3, d̃s4,†
g4

)
=

 − i
72

 e2( 6 ) + 144g2
s ( 7 )

(
δZgs

)
+ ( 28 )δZd̃g2

1,s2 + ( 10 )δZ
d̃g4
1,s4 + ( 31 )δZd̃g2

2,s2 + ( 13 )δZ
d̃g4
2,s4 +

( 16 )δZ
d̃g1
1,s1 + ( 22 )δZd̃g3

1,s3 + ( 19 )δZ
d̃g1
2,s1 + ( 25 )δZd̃g3

2,s3

 

31 =

δg1,g2δg3,g4

(
e2( 29 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1
2,1 U

d̃g1∗
s1,1 −U

d̃g1
2,2 U

d̃g1∗
s1,2

)(
Ud̃g3∗

s3,1 Ud̃g3
s4,1 −Ud̃g3∗

s3,2 Ud̃g3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 30 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Ud̃g2

2,1 Ud̃g2∗
s3,1 −Ud̃g2

2,2 Ud̃g2∗
s3,2

)(
U

d̃g1∗
s1,1 U

d̃g1
s4,1 −U

d̃g1∗
s1,2 U

d̃g1
s4,2

))

30 =
U

d̃g1∗
s1,1

(
c2
βM2

W

((
8c2

W + 1
)

Ud̃g2
2,1 Ud̃g2∗

s3,1 + 2s2
WUd̃g2

2,2 Ud̃g2∗
s3,2

)
U

d̃g1
s4,1 + 18mdg1 mdg2 c2

WUd̃g2
2,1 Ud̃g2∗

s3,2 U
d̃g1
s4,2

)
+

2U
d̃g1∗
s1,2

(
9mdg1 mdg2 c2

WUd̃g2
2,2 Ud̃g2∗

s3,1 U
d̃g1
s4,1 + c2

βM2
Ws2

W

(
Ud̃g2

2,1 Ud̃g2∗
s3,1 + 2Ud̃g2

2,2 Ud̃g2∗
s3,2

)
U

d̃g1
s4,2

)

29 =
2U

d̃g1∗
s1,2

(
9mdg1 mdg3 c2

WU
d̃g1
2,1 Ud̃g3∗

s3,1 Ud̃g3
s4,2 + c2

βM2
Ws2

WU
d̃g1
2,2

(
Ud̃g3∗

s3,1 Ud̃g3
s4,1 + 2Ud̃g3∗

s3,2 Ud̃g3
s4,2

))
+

U
d̃g1∗
s1,1

(
18mdg1 mdg3 c2

WU
d̃g1
2,2 Ud̃g3∗

s3,2 Ud̃g3
s4,1 + c2

βM2
WU

d̃g1
2,1

((
8c2

W + 1
)

Ud̃g3∗
s3,1 Ud̃g3

s4,1 + 2s2
WUd̃g3∗

s3,2 Ud̃g3
s4,2

))

28 =

δg1,g2δg3,g4

(
e2( 26 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1
1,1 U

d̃g1∗
s1,1 −U

d̃g1
1,2 U

d̃g1∗
s1,2

)(
Ud̃g3∗

s3,1 Ud̃g3
s4,1 −Ud̃g3∗

s3,2 Ud̃g3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 27 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Ud̃g2

1,1 Ud̃g2∗
s3,1 −Ud̃g2

1,2 Ud̃g2∗
s3,2

)(
U

d̃g1∗
s1,1 U

d̃g1
s4,1 −U

d̃g1∗
s1,2 U

d̃g1
s4,2

))

27 =
U

d̃g1∗
s1,1

(
c2
βM2

W

((
8c2

W + 1
)

Ud̃g2
1,1 Ud̃g2∗

s3,1 + 2s2
WUd̃g2

1,2 Ud̃g2∗
s3,2

)
U

d̃g1
s4,1 + 18mdg1 mdg2 c2

WUd̃g2
1,1 Ud̃g2∗

s3,2 U
d̃g1
s4,2

)
+

2U
d̃g1∗
s1,2

(
9mdg1 mdg2 c2

WUd̃g2
1,2 Ud̃g2∗

s3,1 U
d̃g1
s4,1 + c2

βM2
Ws2

W

(
Ud̃g2

1,1 Ud̃g2∗
s3,1 + 2Ud̃g2

1,2 Ud̃g2∗
s3,2

)
U

d̃g1
s4,2

)

26 =
2U

d̃g1∗
s1,2

(
9mdg1 mdg3 c2

WU
d̃g1
1,1 Ud̃g3∗

s3,1 Ud̃g3
s4,2 + c2

βM2
Ws2

WU
d̃g1
1,2

(
Ud̃g3∗

s3,1 Ud̃g3
s4,1 + 2Ud̃g3∗

s3,2 Ud̃g3
s4,2

))
+

U
d̃g1∗
s1,1

(
18mdg1 mdg3 c2

WU
d̃g1
1,2 Ud̃g3∗

s3,2 Ud̃g3
s4,1 + c2

βM2
WU

d̃g1
1,1

((
8c2

W + 1
)

Ud̃g3∗
s3,1 Ud̃g3

s4,1 + 2s2
WUd̃g3∗

s3,2 Ud̃g3
s4,2

))

25 =

δg1,g2δg3,g4

(
e2( 23 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 −U

d̃g1∗
s1,2 U

d̃g1
s2,2

)(
Ud̃g3∗

2,1 Ud̃g3
s4,1 −Ud̃g3∗

2,2 Ud̃g3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 24 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Ud̃g2∗

2,1 Ud̃g2
s2,1 −Ud̃g2∗

2,2 Ud̃g2
s2,2

)(
U

d̃g1∗
s1,1 U

d̃g1
s4,1 −U

d̃g1∗
s1,2 U

d̃g1
s4,2

))
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24 =
U

d̃g1∗
s1,1

(
c2
βM2

W

((
8c2

W + 1
)

Ud̃g2∗
2,1 Ud̃g2

s2,1 + 2s2
WUd̃g2∗

2,2 Ud̃g2
s2,2

)
U

d̃g1
s4,1 + 18mdg1 mdg2 c2

WUd̃g2∗
2,2 Ud̃g2

s2,1U
d̃g1
s4,2

)
+

2U
d̃g1∗
s1,2

(
9mdg1 mdg2 c2

WUd̃g2∗
2,1 Ud̃g2

s2,2U
d̃g1
s4,1 + c2

βM2
Ws2

W

(
Ud̃g2∗

2,1 Ud̃g2
s2,1 + 2Ud̃g2∗

2,2 Ud̃g2
s2,2

)
U

d̃g1
s4,2

)

23 =
2U

d̃g1∗
s1,2

(
9mdg1 mdg3 c2

WUd̃g3∗
2,1 U

d̃g1
s2,1Ud̃g3

s4,2 + c2
βM2

Ws2
WU

d̃g1
s2,2

(
Ud̃g3∗

2,1 Ud̃g3
s4,1 + 2Ud̃g3∗

2,2 Ud̃g3
s4,2

))
+

U
d̃g1∗
s1,1

(
18mdg1 mdg3 c2

WUd̃g3∗
2,2 U

d̃g1
s2,2Ud̃g3

s4,1 + c2
βM2

WU
d̃g1
s2,1

((
8c2

W + 1
)

Ud̃g3∗
2,1 Ud̃g3

s4,1 + 2s2
WUd̃g3∗

2,2 Ud̃g3
s4,2

))

22 =

δg1,g2δg3,g4

(
e2( 20 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 −U

d̃g1∗
s1,2 U

d̃g1
s2,2

)(
Ud̃g3∗

1,1 Ud̃g3
s4,1 −Ud̃g3∗

1,2 Ud̃g3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 21 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Ud̃g2∗

1,1 Ud̃g2
s2,1 −Ud̃g2∗

1,2 Ud̃g2
s2,2

)(
U

d̃g1∗
s1,1 U

d̃g1
s4,1 −U

d̃g1∗
s1,2 U

d̃g1
s4,2

))

21 =
U

d̃g1∗
s1,1

(
c2
βM2

W

((
8c2

W + 1
)

Ud̃g2∗
1,1 Ud̃g2

s2,1 + 2s2
WUd̃g2∗

1,2 Ud̃g2
s2,2

)
U

d̃g1
s4,1 + 18mdg1 mdg2 c2

WUd̃g2∗
1,2 Ud̃g2

s2,1U
d̃g1
s4,2

)
+

2U
d̃g1∗
s1,2

(
9mdg1 mdg2 c2

WUd̃g2∗
1,1 Ud̃g2

s2,2U
d̃g1
s4,1 + c2

βM2
Ws2

W

(
Ud̃g2∗

1,1 Ud̃g2
s2,1 + 2Ud̃g2∗

1,2 Ud̃g2
s2,2

)
U

d̃g1
s4,2

)

20 =
2U

d̃g1∗
s1,2

(
9mdg1 mdg3 c2

WUd̃g3∗
1,1 U

d̃g1
s2,1Ud̃g3

s4,2 + c2
βM2

Ws2
WU

d̃g1
s2,2

(
Ud̃g3∗

1,1 Ud̃g3
s4,1 + 2Ud̃g3∗

1,2 Ud̃g3
s4,2

))
+

U
d̃g1∗
s1,1

(
18mdg1 mdg3 c2

WUd̃g3∗
1,2 U

d̃g1
s2,2Ud̃g3

s4,1 + c2
βM2

WU
d̃g1
s2,1

((
8c2

W + 1
)

Ud̃g3∗
1,1 Ud̃g3

s4,1 + 2s2
WUd̃g3∗

1,2 Ud̃g3
s4,2

))

19 =

δg1,g2δg3,g4

(
e2( 17 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
2,1 U

d̃g1
s2,1 −U

d̃g1∗
2,2 U

d̃g1
s2,2

)(
Ud̃g3∗

s3,1 Ud̃g3
s4,1 −Ud̃g3∗

s3,2 Ud̃g3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 18 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Ud̃g2

s2,1Ud̃g2∗
s3,1 −Ud̃g2

s2,2Ud̃g2∗
s3,2

)(
U

d̃g1∗
2,1 U

d̃g1
s4,1 −U

d̃g1∗
2,2 U

d̃g1
s4,2

))

18 =
U

d̃g1∗
2,1

(
c2
βM2

W

((
8c2

W + 1
)

Ud̃g2
s2,1Ud̃g2∗

s3,1 + 2s2
WUd̃g2

s2,2Ud̃g2∗
s3,2

)
U

d̃g1
s4,1 + 18mdg1 mdg2 c2

WUd̃g2
s2,1Ud̃g2∗

s3,2 U
d̃g1
s4,2

)
+

2U
d̃g1∗
2,2

(
9mdg1 mdg2 c2

WUd̃g2
s2,2Ud̃g2∗

s3,1 U
d̃g1
s4,1 + c2

βM2
Ws2

W

(
Ud̃g2

s2,1Ud̃g2∗
s3,1 + 2Ud̃g2

s2,2Ud̃g2∗
s3,2

)
U

d̃g1
s4,2

)

17 =
2U

d̃g1∗
2,2

(
9mdg1 mdg3 c2

WU
d̃g1
s2,1Ud̃g3∗

s3,1 Ud̃g3
s4,2 + c2

βM2
Ws2

WU
d̃g1
s2,2

(
Ud̃g3∗

s3,1 Ud̃g3
s4,1 + 2Ud̃g3∗

s3,2 Ud̃g3
s4,2

))
+

U
d̃g1∗
2,1

(
18mdg1 mdg3 c2

WU
d̃g1
s2,2Ud̃g3∗

s3,2 Ud̃g3
s4,1 + c2

βM2
WU

d̃g1
s2,1

((
8c2

W + 1
)

Ud̃g3∗
s3,1 Ud̃g3

s4,1 + 2s2
WUd̃g3∗

s3,2 Ud̃g3
s4,2

))
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16 =

δg1,g2δg3,g4

(
e2( 14 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
1,1 U

d̃g1
s2,1 −U

d̃g1∗
1,2 U

d̃g1
s2,2

)(
Ud̃g3∗

s3,1 Ud̃g3
s4,1 −Ud̃g3∗

s3,2 Ud̃g3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 15 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Ud̃g2

s2,1Ud̃g2∗
s3,1 −Ud̃g2

s2,2Ud̃g2∗
s3,2

)(
U

d̃g1∗
1,1 U

d̃g1
s4,1 −U

d̃g1∗
1,2 U

d̃g1
s4,2

))

15 =
U

d̃g1∗
1,1

(
c2
βM2

W

((
8c2

W + 1
)

Ud̃g2
s2,1Ud̃g2∗

s3,1 + 2s2
WUd̃g2

s2,2Ud̃g2∗
s3,2

)
U

d̃g1
s4,1 + 18mdg1 mdg2 c2

WUd̃g2
s2,1Ud̃g2∗

s3,2 U
d̃g1
s4,2

)
+

2U
d̃g1∗
1,2

(
9mdg1 mdg2 c2

WUd̃g2
s2,2Ud̃g2∗

s3,1 U
d̃g1
s4,1 + c2

βM2
Ws2

W

(
Ud̃g2

s2,1Ud̃g2∗
s3,1 + 2Ud̃g2

s2,2Ud̃g2∗
s3,2

)
U

d̃g1
s4,2

)

14 =
2U

d̃g1∗
1,2

(
9mdg1 mdg3 c2

WU
d̃g1
s2,1Ud̃g3∗

s3,1 Ud̃g3
s4,2 + c2

βM2
Ws2

WU
d̃g1
s2,2

(
Ud̃g3∗

s3,1 Ud̃g3
s4,1 + 2Ud̃g3∗

s3,2 Ud̃g3
s4,2

))
+

U
d̃g1∗
1,1

(
18mdg1 mdg3 c2

WU
d̃g1
s2,2Ud̃g3∗

s3,2 Ud̃g3
s4,1 + c2

βM2
WU

d̃g1
s2,1

((
8c2

W + 1
)

Ud̃g3∗
s3,1 Ud̃g3

s4,1 + 2s2
WUd̃g3∗

s3,2 Ud̃g3
s4,2

))

13 =

δg1,g2δg3,g4

(
e2( 11 )

c2
Wc2

βM2
Ws2

W
+ 36

(
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c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 −U

d̃g1∗
s1,2 U

d̃g1
s2,2

)(
Ud̃g3

2,1 Ud̃g3∗
s3,1 −Ud̃g3

2,2 Ud̃g3∗
s3,2

))
+

δg1,g4δg2,g3

(
e2( 12 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
U

d̃g1
2,1 U

d̃g1∗
s1,1 −U

d̃g1
2,2 U

d̃g1∗
s1,2

)(
Ud̃g2

s2,1Ud̃g2∗
s3,1 −Ud̃g2

s2,2Ud̃g2∗
s3,2

))

12 =
2U

d̃g1∗
s1,2

(
9mdg1 mdg2 c2

WU
d̃g1
2,1 Ud̃g2

s2,2Ud̃g2∗
s3,1 + c2

βM2
Ws2

WU
d̃g1
2,2

(
Ud̃g2

s2,1Ud̃g2∗
s3,1 + 2Ud̃g2

s2,2Ud̃g2∗
s3,2
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+

U
d̃g1∗
s1,1

(
18mdg1 mdg2 c2

WU
d̃g1
2,2 Ud̃g2

s2,1Ud̃g2∗
s3,2 + c2

βM2
WU

d̃g1
2,1

((
8c2

W + 1
)

Ud̃g2
s2,1Ud̃g2∗

s3,1 + 2s2
WUd̃g2

s2,2Ud̃g2∗
s3,2

))

11 =
2U

d̃g1∗
s1,2

(
9mdg1 mdg3 c2

WUd̃g3
2,2 U

d̃g1
s2,1Ud̃g3∗

s3,1 + c2
βM2

Ws2
WU

d̃g1
s2,2

(
Ud̃g3

2,1 Ud̃g3∗
s3,1 + 2Ud̃g3

2,2 Ud̃g3∗
s3,2

))
+

U
d̃g1∗
s1,1

(
18mdg1 mdg3 c2

WUd̃g3
2,1 U

d̃g1
s2,2Ud̃g3∗

s3,2 + c2
βM2

WU
d̃g1
s2,1

((
8c2

W + 1
)

Ud̃g3
2,1 Ud̃g3∗

s3,1 + 2s2
WUd̃g3

2,2 Ud̃g3∗
s3,2

))

10 =

δg1,g2δg3,g4

(
e2( 8 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 −U

d̃g1∗
s1,2 U

d̃g1
s2,2

)(
Ud̃g3

1,1 Ud̃g3∗
s3,1 −Ud̃g3

1,2 Ud̃g3∗
s3,2

))
+

δg1,g4δg2,g3

(
e2( 9 )

c2
Wc2

βM2
Ws2

W
+ 36

(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
U

d̃g1
1,1 U

d̃g1∗
s1,1 −U

d̃g1
1,2 U

d̃g1∗
s1,2

)(
Ud̃g2

s2,1Ud̃g2∗
s3,1 −Ud̃g2

s2,2Ud̃g2∗
s3,2

))

9 =
2U

d̃g1∗
s1,2

(
9mdg1 mdg2 c2

WU
d̃g1
1,1 Ud̃g2

s2,2Ud̃g2∗
s3,1 + c2

βM2
Ws2

WU
d̃g1
1,2

(
Ud̃g2

s2,1Ud̃g2∗
s3,1 + 2Ud̃g2

s2,2Ud̃g2∗
s3,2

))
+

U
d̃g1∗
s1,1

(
18mdg1 mdg2 c2

WU
d̃g1
1,2 Ud̃g2

s2,1Ud̃g2∗
s3,2 + c2

βM2
WU

d̃g1
1,1

((
8c2

W + 1
)

Ud̃g2
s2,1Ud̃g2∗

s3,1 + 2s2
WUd̃g2

s2,2Ud̃g2∗
s3,2

))
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8 =
2U

d̃g1∗
s1,2

(
9mdg1 mdg3 c2

WUd̃g3
1,2 U

d̃g1
s2,1Ud̃g3∗

s3,1 + c2
βM2

Ws2
WU

d̃g1
s2,2

(
Ud̃g3

1,1 Ud̃g3∗
s3,1 + 2Ud̃g3

1,2 Ud̃g3∗
s3,2

))
+

U
d̃g1∗
s1,1

(
18mdg1 mdg3 c2

WUd̃g3
1,1 U

d̃g1
s2,2Ud̃g3∗

s3,2 + c2
βM2

WU
d̃g1
s2,1

((
8c2

W + 1
)

Ud̃g3
1,1 Ud̃g3∗

s3,1 + 2s2
WUd̃g3

1,2 Ud̃g3∗
s3,2

))

7 =

(
Tx

c2,c1Tx
c4,c3

)
δg1,g2δg3,g4

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 −U

d̃g1∗
s1,2 U

d̃g1
s2,2

)(
Ud̃g3∗

s3,1 Ud̃g3
s4,1 −Ud̃g3∗

s3,2 Ud̃g3
s4,2

)
+(

Tx
c2,c3Tx

c4,c1
)
δg1,g4δg2,g3

(
Ud̃g2

s2,1Ud̃g2∗
s3,1 −Ud̃g2

s2,2Ud̃g2∗
s3,2

)(
U

d̃g1∗
s1,1 U

d̃g1
s4,1 −U

d̃g1∗
s1,2 U

d̃g1
s4,2

)

6 = 4
c4

Wc3
βM4

Ws3
W

c3
βM4

W( 5 )− c4
W

 18( 2 ) (δcβ)mdg1 sWM2
W−

9( 3 )cβ
(

sWδmdg
g1M2

W −mdg1

(
2 (δsW) M2

W − sW

(
2 (δZe) M2

W − δM2
W

)))
+

36( 1 )mdg1

c2
βM2

Ws2
W

5 = 2s3
W

(
c2

W (δZe) + sW (δsW)
)

U
d̃g1∗
s1,2

 δg1,g4δg2,g3

(
Ud̃g2

s2,1Ud̃g2∗
s3,1 + 2Ud̃g2

s2,2Ud̃g2∗
s3,2

)
U

d̃g1
s4,2 +

δg1,g2δg3,g4U
d̃g1
s2,2

(
Ud̃g3∗

s3,1 Ud̃g3
s4,1 + 2Ud̃g3∗

s3,2 Ud̃g3
s4,2

)
+ ( 4 )U

d̃g1∗
s1,1

4 =
δg1,g4δg2,g3

((
((δZe) sW − δsW)

(
c2

W + 8c4
W

)
+ (δsW) s2

W

)
Ud̃g2

s2,1Ud̃g2∗
s3,1 + 2

(
(δsW) sW + (δZe) c2

W

)
s3

WUd̃g2
s2,2Ud̃g2∗

s3,2

)
U

d̃g1
s4,1 +

δg1,g2δg3,g4U
d̃g1
s2,1

((
((δZe) sW − δsW)

(
c2

W + 8c4
W

)
+ (δsW) s2

W

)
Ud̃g3∗

s3,1 Ud̃g3
s4,1 + 2

(
(δsW) sW + (δZe) c2

W

)
s3

WUd̃g3∗
s3,2 Ud̃g3

s4,2

)

3 = U
d̃g1∗
s1,1

 δg1,g2δg3,g4mdg3U
d̃g1
s2,2Ud̃g3∗

s3,2 Ud̃g3
s4,1 +

δg1,g4δg2,g3mdg2Ud̃g2
s2,1Ud̃g2∗

s3,2 U
d̃g1
s4,2

+ U
d̃g1∗
s1,2

 δg1,g4δg2,g3mdg2Ud̃g2
s2,2Ud̃g2∗

s3,1 U
d̃g1
s4,1 +

δg1,g2δg3,g4mdg3U
d̃g1
s2,1Ud̃g3∗

s3,1 Ud̃g3
s4,2



2 =
δg1,g4δg2,g3mdg2

(
U

d̃g1∗
s1,2 Ud̃g2

s2,2Ud̃g2∗
s3,1 U

d̃g1
s4,1 + U

d̃g1∗
s1,1 Ud̃g2

s2,1Ud̃g2∗
s3,2 U

d̃g1
s4,2

)
+

δg1,g2δg3,g4mdg3

(
U

d̃g1∗
s1,1 U

d̃g1
s2,2Ud̃g3∗

s3,2 Ud̃g3
s4,1 + U

d̃g1∗
s1,2 U

d̃g1
s2,1Ud̃g3∗

s3,1 Ud̃g3
s4,2

)

1 =
δg1,g4δg2,g3δmdg

g2

(
U

d̃g1∗
s1,2 Ud̃g2

s2,2Ud̃g2∗
s3,1 U

d̃g1
s4,1 + U

d̃g1∗
s1,1 Ud̃g2

s2,1Ud̃g2∗
s3,2 U

d̃g1
s4,2

)
+

δg1,g2δg3,g4δmdg
g3

(
U

d̃g1∗
s1,1 U

d̃g1
s2,2Ud̃g3∗

s3,2 Ud̃g3
s4,1 + U

d̃g1∗
s1,2 U

d̃g1
s2,1Ud̃g3∗

s3,1 Ud̃g3
s4,2

)

C
377

(
d̃s1

g1, d̃s2,†
g2 , ũs3

g3, ũs4,†
g4

)
=

[
1
2
( 22 )

]
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22 =

−
(

1
9

i( 5 )δg1,g2δg3,g4

)
+ ( 15 )δZd̃g2

1,s2 + ( 7 )δZ
ũg4
1,s4 +

( 17 )δZd̃g2
2,s2 + ( 9 )δZ

ũg4
2,s4 + ( 19 )δZ

d̃g1
1,s1 + ( 11 )δZũg3

1,s3 +

( 21 )δZ
d̃g1
2,s1

−


i

M4
Ws3

2βs3
W

(
( 3 )Uũg3∗

s3,1 + 4c2
β

(
( 4 )CKMg4,g1 +

(
δCKMg4,g1

)
mug3 mug4 s2βsWCKM∗g3,g2M2

W

)
U

d̃g1∗
s1,1 Ud̃g2

s2,1Uũg3∗
s3,2 U

ũg4
s4,2

)
−

i( 1 ) (δZe)

9s2
W

 e2 +

( 13 )δZũg3
2,s3

21 =

( 20 )δg1,g2δg3,g4−

2ie2CKMg4,g1CKM∗g3,g2

M2
Ws2

2βs2
W


(

1
4

Uũg3∗
s3,1 U

ũg4
s4,1

)(
M2

Ws2
2βU

d̃g1∗
2,1 Ud̃g2

s2,1 + 4mdg1 mdg2 s2
βU

d̃g1∗
2,2 Ud̃g2

s2,2

)
+

mug3 mug4 c2
βU

d̃g1∗
2,1 Ud̃g2

s2,1Uũg3∗
s3,2 U

ũg4
s4,2



20 =

−i
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
2,1 U

d̃g1
s2,1 −U

d̃g1∗
2,2 U

d̃g1
s2,2

)(
Uũg3∗

s3,1 Uũg3
s4,1 −Uũg3∗

s3,2 Uũg3
s4,2

)
−

ie2

36c2
Ws2

W


((

1− 10c2
W

)
U

d̃g1∗
2,1 U

d̃g1
s2,1 + 2s2

WU
d̃g1∗
2,2 U

d̃g1
s2,2

)
Uũg3∗

s3,1 Uũg3
s4,1−

4s2
W

(
U

d̃g1∗
2,1 U

d̃g1
s2,1 + 2U

d̃g1∗
2,2 U

d̃g1
s2,2

)
Uũg3∗

s3,2 Uũg3
s4,2



19 =

( 18 )δg1,g2δg3,g4−

2ie2CKMg4,g1CKM∗g3,g2

M2
Ws2

2βs2
W


(

1
4

Uũg3∗
s3,1 U

ũg4
s4,1

)(
M2

Ws2
2βU

d̃g1∗
1,1 Ud̃g2

s2,1 + 4mdg1 mdg2 s2
βU

d̃g1∗
1,2 Ud̃g2

s2,2

)
+

mug3 mug4 c2
βU

d̃g1∗
1,1 Ud̃g2

s2,1Uũg3∗
s3,2 U

ũg4
s4,2



18 =

−i
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
1,1 U

d̃g1
s2,1 −U

d̃g1∗
1,2 U

d̃g1
s2,2

)(
Uũg3∗

s3,1 Uũg3
s4,1 −Uũg3∗

s3,2 Uũg3
s4,2

)
−

ie2

36c2
Ws2

W


((

1− 10c2
W

)
U

d̃g1∗
1,1 U

d̃g1
s2,1 + 2s2

WU
d̃g1∗
1,2 U

d̃g1
s2,2

)
Uũg3∗

s3,1 Uũg3
s4,1−

4s2
W

(
U

d̃g1∗
1,1 U

d̃g1
s2,1 + 2U

d̃g1∗
1,2 U

d̃g1
s2,2

)
Uũg3∗

s3,2 Uũg3
s4,2



17 =

( 16 )δg1,g2δg3,g4−

2ie2CKMg4,g1CKM∗g3,g2

M2
Ws2

2βs2
W


(

1
4

Uũg3∗
s3,1 U

ũg4
s4,1

)(
M2

Ws2
2βUd̃g2

2,1 U
d̃g1∗
s1,1 + 4mdg1 mdg2 s2

βUd̃g2
2,2 U

d̃g1∗
s1,2

)
+

mug3 mug4 c2
βUd̃g2

2,1 U
d̃g1∗
s1,1 Uũg3∗

s3,2 U
ũg4
s4,2


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16 =

−i
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1
2,1 U

d̃g1∗
s1,1 −U

d̃g1
2,2 U

d̃g1∗
s1,2

)(
Uũg3∗

s3,1 Uũg3
s4,1 −Uũg3∗

s3,2 Uũg3
s4,2

)
−

ie2

36c2
Ws2

W


((

1− 10c2
W

)
U

d̃g1
2,1 U

d̃g1∗
s1,1 + 2s2

WU
d̃g1
2,2 U

d̃g1∗
s1,2

)
Uũg3∗

s3,1 Uũg3
s4,1−

4s2
W

(
U

d̃g1
2,1 U

d̃g1∗
s1,1 + 2U

d̃g1
2,2 U

d̃g1∗
s1,2

)
Uũg3∗

s3,2 Uũg3
s4,2



15 =

( 14 )δg1,g2δg3,g4−

2ie2CKMg4,g1CKM∗g3,g2

M2
Ws2

2βs2
W


(

1
4

Uũg3∗
s3,1 U

ũg4
s4,1

)(
M2

Ws2
2βUd̃g2

1,1 U
d̃g1∗
s1,1 + 4mdg1 mdg2 s2

βUd̃g2
1,2 U

d̃g1∗
s1,2

)
+

mug3 mug4 c2
βUd̃g2

1,1 U
d̃g1∗
s1,1 Uũg3∗

s3,2 U
ũg4
s4,2



14 =

−i
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1
1,1 U

d̃g1∗
s1,1 −U

d̃g1
1,2 U

d̃g1∗
s1,2

)(
Uũg3∗

s3,1 Uũg3
s4,1 −Uũg3∗

s3,2 Uũg3
s4,2

)
−

ie2

36c2
Ws2

W


((

1− 10c2
W

)
U

d̃g1
1,1 U

d̃g1∗
s1,1 + 2s2

WU
d̃g1
1,2 U

d̃g1∗
s1,2

)
Uũg3∗

s3,1 Uũg3
s4,1−

4s2
W

(
U

d̃g1
1,1 U

d̃g1∗
s1,1 + 2U

d̃g1
1,2 U

d̃g1∗
s1,2

)
Uũg3∗

s3,2 Uũg3
s4,2



13 =

( 12 )δg1,g2δg3,g4−

2ie2CKMg4,g1CKM∗g3,g2

M2
Ws2

2βs2
W


(

1
4

Uũg3∗
2,1 U

ũg4
s4,1

)(
M2

Ws2
2βU

d̃g1∗
s1,1 Ud̃g2

s2,1 + 4mdg1 mdg2 s2
βU

d̃g1∗
s1,2 Ud̃g2

s2,2

)
+

mug3 mug4 c2
βUũg3∗

2,2 U
d̃g1∗
s1,1 Ud̃g2

s2,1U
ũg4
s4,2



12 =

−i
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 −U

d̃g1∗
s1,2 U

d̃g1
s2,2

)(
Uũg3∗

2,1 Uũg3
s4,1 −Uũg3∗

2,2 Uũg3
s4,2

)
−

ie2

36c2
Ws2

W

 Uũg3∗
2,1

((
1− 10c2

W

)
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2s2

WU
d̃g1∗
s1,2 U

d̃g1
s2,2

)
Uũg3

s4,1−

4s2
WUũg3∗

2,2

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2U

d̃g1∗
s1,2 U

d̃g1
s2,2

)
Uũg3

s4,2



11 =

( 10 )δg1,g2δg3,g4−

2ie2CKMg4,g1CKM∗g3,g2

M2
Ws2

2βs2
W


(

1
4

Uũg3∗
1,1 U

ũg4
s4,1

)(
M2

Ws2
2βU

d̃g1∗
s1,1 Ud̃g2

s2,1 + 4mdg1 mdg2 s2
βU

d̃g1∗
s1,2 Ud̃g2

s2,2

)
+

mug3 mug4 c2
βUũg3∗

1,2 U
d̃g1∗
s1,1 Ud̃g2

s2,1U
ũg4
s4,2


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10 =

−i
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 −U

d̃g1∗
s1,2 U

d̃g1
s2,2

)(
Uũg3∗

1,1 Uũg3
s4,1 −Uũg3∗

1,2 Uũg3
s4,2

)
−

ie2

36c2
Ws2

W

 Uũg3∗
1,1

((
1− 10c2

W

)
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2s2

WU
d̃g1∗
s1,2 U

d̃g1
s2,2

)
Uũg3

s4,1−

4s2
WUũg3∗

1,2

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2U

d̃g1∗
s1,2 U

d̃g1
s2,2

)
Uũg3

s4,2



9 =

( 8 )δg1,g2δg3,g4−

2ie2CKMg4,g1CKM∗g3,g2

M2
Ws2

2βs2
W


(

1
4

U
ũg4
2,1 Uũg3∗

s3,1

)(
M2

Ws2
2βU

d̃g1∗
s1,1 Ud̃g2

s2,1 + 4mdg1 mdg2 s2
βU

d̃g1∗
s1,2 Ud̃g2

s2,2

)
+

mug3 mug4 c2
βU

ũg4
2,2 U

d̃g1∗
s1,1 Ud̃g2

s2,1Uũg3∗
s3,2



8 =

−i
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 −U

d̃g1∗
s1,2 U

d̃g1
s2,2

)(
Uũg3

2,1 Uũg3∗
s3,1 −Uũg3

2,2 Uũg3∗
s3,2

)
−

ie2

36c2
Ws2

W

 Uũg3
2,1

((
1− 10c2

W

)
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2s2

WU
d̃g1∗
s1,2 U

d̃g1
s2,2

)
Uũg3∗

s3,1 −

4s2
WUũg3

2,2

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2U

d̃g1∗
s1,2 U

d̃g1
s2,2

)
Uũg3∗

s3,2



7 =

( 6 )δg1,g2δg3,g4−

2ie2CKMg4,g1CKM∗g3,g2

M2
Ws2

2βs2
W


(

1
4

U
ũg4
1,1 Uũg3∗

s3,1

)(
M2

Ws2
2βU

d̃g1∗
s1,1 Ud̃g2

s2,1 + 4mdg1 mdg2 s2
βU

d̃g1∗
s1,2 Ud̃g2

s2,2

)
+

mug3 mug4 c2
βU

ũg4
1,2 U

d̃g1∗
s1,1 Ud̃g2

s2,1Uũg3∗
s3,2



6 =

−i
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 −U

d̃g1∗
s1,2 U

d̃g1
s2,2

)(
Uũg3

1,1 Uũg3∗
s3,1 −Uũg3

1,2 Uũg3∗
s3,2

)
−

ie2

36c2
Ws2

W

 Uũg3
1,1

((
1− 10c2

W

)
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2s2

WU
d̃g1∗
s1,2 U

d̃g1
s2,2

)
Uũg3∗

s3,1 −

4s2
WUũg3

1,2

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2U

d̃g1∗
s1,2 U

d̃g1
s2,2

)
Uũg3∗

s3,2



5 =

e2sW (δsW)

c4
W

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2U

d̃g1∗
s1,2 U

d̃g1
s2,2

)(
Uũg3∗

s3,1 Uũg3
s4,1 − 4Uũg3∗

s3,2 Uũg3
s4,2

)
+

36
(
Tx

c2,c1Tx
c4,c3

) (
δZgs

)
g2

s

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 −U

d̃g1∗
s1,2 U

d̃g1
s2,2

)(
Uũg3∗

s3,1 Uũg3
s4,1 −Uũg3∗

s3,2 Uũg3
s4,2

)

4 = CKM∗g3,g2


mug3 s2βsWδmug

g4M2
W + s2βsWδmug

g3M2
W−

mug3

(
s2βsWδM2

W + (2 (δsW) s2β + 4 (δsβ) cβsW) M2
W

)
mug4

+ s2βsWmug3 mug4 M2
WδCKM∗g3,g2
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3 =

4
(
( 2 )CKMg4,g1 +

(
δCKMg4,g1

)
mdg1 mdg2 s2βsWCKM∗g3,g2M2

W

)
s2
βU

d̃g1∗
s1,2 Ud̃g2

s2,2U
ũg4
s4,1 + δg1,g2δg3,g4 (δsW)U

d̃g1
s2,1Uũg3

s4,1 +((
δCKMg4,g1

)
sWCKM∗g3,g2 −CKMg4,g1

(
2 (δsW)CKM∗g3,g2 − sWδCKM∗g3,g2

))
Ud̃g2

s2,1U
ũg4
s4,1

M4
Ws3

2βU
d̃g1∗
s1,1

2 = CKM∗g3,g2


mdg1 s2βsWδmdg

g2M2
W + s2βsWδmdg

g1M2
W−

mdg1

(
4 (δcβ) sWsβM2

W + s2β

(
sWδM2

W + 2 (δsW) M2
W

))
mdg2

+ s2βsWmdg1 mdg2 M2
WδCKM∗g3,g2

1 =

−
δg1,g2δg3,g4

c2
W


((

1− 10c2
W

)
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2s2

WU
d̃g1∗
s1,2 U

d̃g1
s2,2

)
Uũg3∗

s3,1 Uũg3
s4,1−

4s2
W

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2U

d̃g1∗
s1,2 U

d̃g1
s2,2

)
Uũg3∗

s3,2 Uũg3
s4,2

 −
18CKMg4,g1CKM∗g3,g2

M2
Ws2

2β


(

M2
Ws2

2βU
d̃g1∗
s1,1 Ud̃g2

s2,1 + 4mdg1 mdg2 s2
βU

d̃g1∗
s1,2 Ud̃g2

s2,2

)
Uũg3∗

s3,1 U
ũg4
s4,1 +

4mug3 mug4 c2
βU

d̃g1∗
s1,1 Ud̃g2

s2,1Uũg3∗
s3,2 U

ũg4
s4,2



C
385

(
ũs1

g1, ũs2,†
g2 , ũs3

g3, ũs4,†
g4

)
=

 − i
72

 e2( 6 ) + 144g2
s ( 7 )

(
δZgs

)
+ ( 28 )δZũg2

1,s2 + ( 10 )δZ
ũg4
1,s4 + ( 31 )δZũg2

2,s2 + ( 13 )δZ
ũg4
2,s4 +

( 16 )δZ
ũg1
1,s1 + ( 22 )δZũg3

1,s3 + ( 19 )δZ
ũg1
2,s1 + ( 25 )δZũg3

2,s3

 

31 =

δg1,g2δg3,g4

(
e2( 29 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

ũg1
2,1 U

ũg1∗
s1,1 −U

ũg1
2,2 U

ũg1∗
s1,2

) (
Uũg3∗

s3,1 Uũg3
s4,1 −Uũg3∗

s3,2 Uũg3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 30 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Uũg2

2,1 Uũg2∗
s3,1 −Uũg2

2,2 Uũg2∗
s3,2

) (
U

ũg1∗
s1,1 U

ũg1
s4,1 −U

ũg1∗
s1,2 U

ũg1
s4,2

))

30 =
U

ũg1∗
s1,1

(
M2

Ws2
β

((
8c2

W + 1
)

Uũg2
2,1 Uũg2∗

s3,1 − 4s2
WUũg2

2,2 Uũg2∗
s3,2

)
U

ũg1
s4,1 + 18mug1 mug2 c2

WUũg2
2,1 Uũg2∗

s3,2 U
ũg1
s4,2

)
+

2U
ũg1∗
s1,2

(
9mug1 mug2 c2

WUũg2
2,2 Uũg2∗

s3,1 U
ũg1
s4,1 − 2M2

Ws2
Ws2

β

(
Uũg2

2,1 Uũg2∗
s3,1 − 4Uũg2

2,2 Uũg2∗
s3,2

)
U

ũg1
s4,2

)

29 =
2U

ũg1∗
s1,2

(
9mug1 mug3 c2

WU
ũg1
2,1 Uũg3∗

s3,1 Uũg3
s4,2 − 2M2

Ws2
Ws2

βU
ũg1
2,2

(
Uũg3∗

s3,1 Uũg3
s4,1 − 4Uũg3∗

s3,2 Uũg3
s4,2

))
+

U
ũg1∗
s1,1

(
18mug1 mug3 c2

WU
ũg1
2,2 Uũg3∗

s3,2 Uũg3
s4,1 + M2

Ws2
βU

ũg1
2,1

((
8c2

W + 1
)

Uũg3∗
s3,1 Uũg3

s4,1 − 4s2
WUũg3∗

s3,2 Uũg3
s4,2

))

28 =

δg1,g2δg3,g4

(
e2( 26 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

ũg1
1,1 U

ũg1∗
s1,1 −U

ũg1
1,2 U

ũg1∗
s1,2

) (
Uũg3∗

s3,1 Uũg3
s4,1 −Uũg3∗

s3,2 Uũg3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 27 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Uũg2

1,1 Uũg2∗
s3,1 −Uũg2

1,2 Uũg2∗
s3,2

) (
U

ũg1∗
s1,1 U

ũg1
s4,1 −U

ũg1∗
s1,2 U

ũg1
s4,2

))
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27 =
U

ũg1∗
s1,1

(
M2

Ws2
β

((
8c2

W + 1
)

Uũg2
1,1 Uũg2∗

s3,1 − 4s2
WUũg2

1,2 Uũg2∗
s3,2

)
U

ũg1
s4,1 + 18mug1 mug2 c2

WUũg2
1,1 Uũg2∗

s3,2 U
ũg1
s4,2

)
+

2U
ũg1∗
s1,2

(
9mug1 mug2 c2

WUũg2
1,2 Uũg2∗

s3,1 U
ũg1
s4,1 − 2M2

Ws2
Ws2

β

(
Uũg2

1,1 Uũg2∗
s3,1 − 4Uũg2

1,2 Uũg2∗
s3,2

)
U

ũg1
s4,2

)

26 =
2U

ũg1∗
s1,2

(
9mug1 mug3 c2

WU
ũg1
1,1 Uũg3∗

s3,1 Uũg3
s4,2 − 2M2

Ws2
Ws2

βU
ũg1
1,2

(
Uũg3∗

s3,1 Uũg3
s4,1 − 4Uũg3∗

s3,2 Uũg3
s4,2

))
+

U
ũg1∗
s1,1

(
18mug1 mug3 c2

WU
ũg1
1,2 Uũg3∗

s3,2 Uũg3
s4,1 + M2

Ws2
βU

ũg1
1,1

((
8c2

W + 1
)

Uũg3∗
s3,1 Uũg3

s4,1 − 4s2
WUũg3∗

s3,2 Uũg3
s4,2

))

25 =

δg1,g2δg3,g4

(
e2( 23 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

ũg1∗
s1,1 U

ũg1
s2,1 −U

ũg1∗
s1,2 U

ũg1
s2,2

) (
Uũg3∗

2,1 Uũg3
s4,1 −Uũg3∗

2,2 Uũg3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 24 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Uũg2∗

2,1 Uũg2
s2,1 −Uũg2∗

2,2 Uũg2
s2,2

) (
U

ũg1∗
s1,1 U

ũg1
s4,1 −U

ũg1∗
s1,2 U

ũg1
s4,2

))

24 =
U

ũg1∗
s1,1

(
M2

Ws2
β

((
8c2

W + 1
)

Uũg2∗
2,1 Uũg2

s2,1 − 4s2
WUũg2∗

2,2 Uũg2
s2,2

)
U

ũg1
s4,1 + 18mug1 mug2 c2

WUũg2∗
2,2 Uũg2

s2,1U
ũg1
s4,2

)
+

2U
ũg1∗
s1,2

(
9mug1 mug2 c2

WUũg2∗
2,1 Uũg2

s2,2U
ũg1
s4,1 − 2M2

Ws2
Ws2

β

(
Uũg2∗

2,1 Uũg2
s2,1 − 4Uũg2∗

2,2 Uũg2
s2,2

)
U

ũg1
s4,2

)

23 =
2U

ũg1∗
s1,2

(
9mug1 mug3 c2

WUũg3∗
2,1 U

ũg1
s2,1Uũg3

s4,2 − 2M2
Ws2

Ws2
βU

ũg1
s2,2

(
Uũg3∗

2,1 Uũg3
s4,1 − 4Uũg3∗

2,2 Uũg3
s4,2

))
+

U
ũg1∗
s1,1

(
18mug1 mug3 c2

WUũg3∗
2,2 U

ũg1
s2,2Uũg3

s4,1 + M2
Ws2

βU
ũg1
s2,1

((
8c2

W + 1
)

Uũg3∗
2,1 Uũg3

s4,1 − 4s2
WUũg3∗

2,2 Uũg3
s4,2

))

22 =

δg1,g2δg3,g4

(
e2( 20 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

ũg1∗
s1,1 U

ũg1
s2,1 −U

ũg1∗
s1,2 U

ũg1
s2,2

) (
Uũg3∗

1,1 Uũg3
s4,1 −Uũg3∗

1,2 Uũg3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 21 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Uũg2∗

1,1 Uũg2
s2,1 −Uũg2∗

1,2 Uũg2
s2,2

) (
U

ũg1∗
s1,1 U

ũg1
s4,1 −U

ũg1∗
s1,2 U

ũg1
s4,2

))

21 =
U

ũg1∗
s1,1

(
M2

Ws2
β

((
8c2

W + 1
)

Uũg2∗
1,1 Uũg2

s2,1 − 4s2
WUũg2∗

1,2 Uũg2
s2,2

)
U

ũg1
s4,1 + 18mug1 mug2 c2

WUũg2∗
1,2 Uũg2

s2,1U
ũg1
s4,2

)
+

2U
ũg1∗
s1,2

(
9mug1 mug2 c2

WUũg2∗
1,1 Uũg2

s2,2U
ũg1
s4,1 − 2M2

Ws2
Ws2

β

(
Uũg2∗

1,1 Uũg2
s2,1 − 4Uũg2∗

1,2 Uũg2
s2,2

)
U

ũg1
s4,2

)

20 =
2U

ũg1∗
s1,2

(
9mug1 mug3 c2

WUũg3∗
1,1 U

ũg1
s2,1Uũg3

s4,2 − 2M2
Ws2

Ws2
βU

ũg1
s2,2

(
Uũg3∗

1,1 Uũg3
s4,1 − 4Uũg3∗

1,2 Uũg3
s4,2

))
+

U
ũg1∗
s1,1

(
18mug1 mug3 c2

WUũg3∗
1,2 U

ũg1
s2,2Uũg3

s4,1 + M2
Ws2

βU
ũg1
s2,1

((
8c2

W + 1
)

Uũg3∗
1,1 Uũg3

s4,1 − 4s2
WUũg3∗

1,2 Uũg3
s4,2

))

19 =

δg1,g2δg3,g4

(
e2( 17 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

ũg1∗
2,1 U

ũg1
s2,1 −U

ũg1∗
2,2 U

ũg1
s2,2

) (
Uũg3∗

s3,1 Uũg3
s4,1 −Uũg3∗

s3,2 Uũg3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 18 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Uũg2

s2,1Uũg2∗
s3,1 −Uũg2

s2,2Uũg2∗
s3,2

) (
U

ũg1∗
2,1 U

ũg1
s4,1 −U

ũg1∗
2,2 U

ũg1
s4,2

))
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18 =
U

ũg1∗
2,1

(
M2

Ws2
β

((
8c2

W + 1
)

Uũg2
s2,1Uũg2∗

s3,1 − 4s2
WUũg2

s2,2Uũg2∗
s3,2

)
U

ũg1
s4,1 + 18mug1 mug2 c2

WUũg2
s2,1Uũg2∗

s3,2 U
ũg1
s4,2

)
+

2U
ũg1∗
2,2

(
9mug1 mug2 c2

WUũg2
s2,2Uũg2∗

s3,1 U
ũg1
s4,1 − 2M2

Ws2
Ws2

β

(
Uũg2

s2,1Uũg2∗
s3,1 − 4Uũg2

s2,2Uũg2∗
s3,2

)
U

ũg1
s4,2

)

17 =
2U

ũg1∗
2,2

(
9mug1 mug3 c2

WU
ũg1
s2,1Uũg3∗

s3,1 Uũg3
s4,2 − 2M2

Ws2
Ws2

βU
ũg1
s2,2

(
Uũg3∗

s3,1 Uũg3
s4,1 − 4Uũg3∗

s3,2 Uũg3
s4,2

))
+

U
ũg1∗
2,1

(
18mug1 mug3 c2

WU
ũg1
s2,2Uũg3∗

s3,2 Uũg3
s4,1 + M2

Ws2
βU

ũg1
s2,1

((
8c2

W + 1
)

Uũg3∗
s3,1 Uũg3

s4,1 − 4s2
WUũg3∗

s3,2 Uũg3
s4,2

))

16 =

δg1,g2δg3,g4

(
e2( 14 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

ũg1∗
1,1 U

ũg1
s2,1 −U

ũg1∗
1,2 U

ũg1
s2,2

) (
Uũg3∗

s3,1 Uũg3
s4,1 −Uũg3∗

s3,2 Uũg3
s4,2

))
+

δg1,g4δg2,g3

(
e2( 15 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
Uũg2

s2,1Uũg2∗
s3,1 −Uũg2

s2,2Uũg2∗
s3,2

) (
U

ũg1∗
1,1 U

ũg1
s4,1 −U

ũg1∗
1,2 U

ũg1
s4,2

))

15 =
U

ũg1∗
1,1

(
M2

Ws2
β

((
8c2

W + 1
)

Uũg2
s2,1Uũg2∗

s3,1 − 4s2
WUũg2

s2,2Uũg2∗
s3,2

)
U

ũg1
s4,1 + 18mug1 mug2 c2

WUũg2
s2,1Uũg2∗

s3,2 U
ũg1
s4,2

)
+

2U
ũg1∗
1,2

(
9mug1 mug2 c2

WUũg2
s2,2Uũg2∗

s3,1 U
ũg1
s4,1 − 2M2

Ws2
Ws2

β

(
Uũg2

s2,1Uũg2∗
s3,1 − 4Uũg2

s2,2Uũg2∗
s3,2

)
U

ũg1
s4,2

)

14 =
2U

ũg1∗
1,2

(
9mug1 mug3 c2

WU
ũg1
s2,1Uũg3∗

s3,1 Uũg3
s4,2 − 2M2

Ws2
Ws2

βU
ũg1
s2,2

(
Uũg3∗

s3,1 Uũg3
s4,1 − 4Uũg3∗

s3,2 Uũg3
s4,2

))
+

U
ũg1∗
1,1

(
18mug1 mug3 c2

WU
ũg1
s2,2Uũg3∗

s3,2 Uũg3
s4,1 + M2

Ws2
βU

ũg1
s2,1

((
8c2

W + 1
)

Uũg3∗
s3,1 Uũg3

s4,1 − 4s2
WUũg3∗

s3,2 Uũg3
s4,2

))

13 =

δg1,g2δg3,g4

(
e2( 11 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

ũg1∗
s1,1 U

ũg1
s2,1 −U

ũg1∗
s1,2 U

ũg1
s2,2

) (
Uũg3

2,1 Uũg3∗
s3,1 −Uũg3

2,2 Uũg3∗
s3,2

))
+

δg1,g4δg2,g3

(
e2( 12 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
U

ũg1
2,1 U

ũg1∗
s1,1 −U

ũg1
2,2 U

ũg1∗
s1,2

) (
Uũg2

s2,1Uũg2∗
s3,1 −Uũg2

s2,2Uũg2∗
s3,2

))

12 =
2U

ũg1∗
s1,2

(
9mug1 mug2 c2

WU
ũg1
2,1 Uũg2

s2,2Uũg2∗
s3,1 − 2M2

Ws2
Ws2

βU
ũg1
2,2

(
Uũg2

s2,1Uũg2∗
s3,1 − 4Uũg2

s2,2Uũg2∗
s3,2

))
+

U
ũg1∗
s1,1

(
18mug1 mug2 c2

WU
ũg1
2,2 Uũg2

s2,1Uũg2∗
s3,2 + M2

Ws2
βU

ũg1
2,1

((
8c2

W + 1
)

Uũg2
s2,1Uũg2∗

s3,1 − 4s2
WUũg2

s2,2Uũg2∗
s3,2

))

11 =
2U

ũg1∗
s1,2

(
9mug1 mug3 c2

WUũg3
2,2 U

ũg1
s2,1Uũg3∗

s3,1 − 2M2
Ws2

Ws2
βU

ũg1
s2,2

(
Uũg3

2,1 Uũg3∗
s3,1 − 4Uũg3

2,2 Uũg3∗
s3,2

))
+

U
ũg1∗
s1,1

(
18mug1 mug3 c2

WUũg3
2,1 U

ũg1
s2,2Uũg3∗

s3,2 + M2
Ws2

βU
ũg1
s2,1

((
8c2

W + 1
)

Uũg3
2,1 Uũg3∗

s3,1 − 4s2
WUũg3

2,2 Uũg3∗
s3,2

))

10 =

δg1,g2δg3,g4

(
e2( 8 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c1Tx
c4,c3

)
g2

s

(
U

ũg1∗
s1,1 U

ũg1
s2,1 −U

ũg1∗
s1,2 U

ũg1
s2,2

) (
Uũg3

1,1 Uũg3∗
s3,1 −Uũg3

1,2 Uũg3∗
s3,2

))
+

δg1,g4δg2,g3

(
e2( 9 )

c2
WM2

Ws2
Ws2

β

+ 36
(
Tx

c2,c3Tx
c4,c1

)
g2

s

(
U

ũg1
1,1 U

ũg1∗
s1,1 −U

ũg1
1,2 U

ũg1∗
s1,2

) (
Uũg2

s2,1Uũg2∗
s3,1 −Uũg2

s2,2Uũg2∗
s3,2

))
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9 =
2U

ũg1∗
s1,2

(
9mug1 mug2 c2

WU
ũg1
1,1 Uũg2

s2,2Uũg2∗
s3,1 − 2M2

Ws2
Ws2

βU
ũg1
1,2

(
Uũg2

s2,1Uũg2∗
s3,1 − 4Uũg2

s2,2Uũg2∗
s3,2

))
+

U
ũg1∗
s1,1

(
18mug1 mug2 c2

WU
ũg1
1,2 Uũg2

s2,1Uũg2∗
s3,2 + M2

Ws2
βU

ũg1
1,1

((
8c2

W + 1
)

Uũg2
s2,1Uũg2∗

s3,1 − 4s2
WUũg2

s2,2Uũg2∗
s3,2

))

8 =
2U

ũg1∗
s1,2

(
9mug1 mug3 c2

WUũg3
1,2 U

ũg1
s2,1Uũg3∗

s3,1 − 2M2
Ws2

Ws2
βU

ũg1
s2,2

(
Uũg3

1,1 Uũg3∗
s3,1 − 4Uũg3

1,2 Uũg3∗
s3,2

))
+

U
ũg1∗
s1,1

(
18mug1 mug3 c2

WUũg3
1,1 U

ũg1
s2,2Uũg3∗

s3,2 + M2
Ws2

βU
ũg1
s2,1

((
8c2

W + 1
)

Uũg3
1,1 Uũg3∗

s3,1 − 4s2
WUũg3

1,2 Uũg3∗
s3,2

))

7 =

(
Tx

c2,c1Tx
c4,c3

)
δg1,g2δg3,g4

(
U

ũg1∗
s1,1 U

ũg1
s2,1 −U

ũg1∗
s1,2 U

ũg1
s2,2

) (
Uũg3∗

s3,1 Uũg3
s4,1 −Uũg3∗

s3,2 Uũg3
s4,2

)
+(

Tx
c2,c3Tx

c4,c1
)
δg1,g4δg2,g3

(
Uũg2

s2,1Uũg2∗
s3,1 −Uũg2

s2,2Uũg2∗
s3,2

) (
U

ũg1∗
s1,1 U

ũg1
s4,1 −U

ũg1∗
s1,2 U

ũg1
s4,2

)

6 =
36( 1 )mug1

M2
Ws2

Ws2
β

− 4
c4

W M4
Ws3

Ws3
β

s3
βM4

W( 3 )− c4
W

 9( 4 )sβ
(

sWδmug
g1M2

W −mug1

(
2 (δsW) M2

W − sW

(
2 (δZe) M2

W − δM2
W

)))
−

18( 5 ) (δsβ)mug1 sWM2
W



5 =
δg1,g4δg2,g3mug2

(
U

ũg1∗
s1,2 Uũg2

s2,2Uũg2∗
s3,1 U

ũg1
s4,1 + U

ũg1∗
s1,1 Uũg2

s2,1Uũg2∗
s3,2 U

ũg1
s4,2

)
+

δg1,g2δg3,g4mug3

(
U

ũg1∗
s1,1 U

ũg1
s2,2Uũg3∗

s3,2 Uũg3
s4,1 + U

ũg1∗
s1,2 U

ũg1
s2,1Uũg3∗

s3,1 Uũg3
s4,2

)

4 = U
ũg1∗
s1,1

 δg1,g2δg3,g4mug3U
ũg1
s2,2Uũg3∗

s3,2 Uũg3
s4,1 +

δg1,g4δg2,g3mug2Uũg2
s2,1Uũg2∗

s3,2 U
ũg1
s4,2

+ U
ũg1∗
s1,2

 δg1,g4δg2,g3mug2Uũg2
s2,2Uũg2∗

s3,1 U
ũg1
s4,1 +

δg1,g2δg3,g4mug3U
ũg1
s2,1Uũg3∗

s3,1 Uũg3
s4,2



3 = 4s3
W

(
c2

W (δZe) + sW (δsW)
)

U
ũg1∗
s1,2

 δg1,g4δg2,g3

(
Uũg2

s2,1Uũg2∗
s3,1 − 4Uũg2

s2,2Uũg2∗
s3,2

)
U

ũg1
s4,2 +

δg1,g2δg3,g4U
ũg1
s2,2

(
Uũg3∗

s3,1 Uũg3
s4,1 − 4Uũg3∗

s3,2 Uũg3
s4,2

)
− ( 2 )U

ũg1∗
s1,1

2 =
δg1,g4δg2,g3

((
((δZe) sW − δsW)

(
c2

W + 8c4
W

)
+ (δsW) s2

W

)
Uũg2

s2,1Uũg2∗
s3,1 − 4

(
(δsW) sW + (δZe) c2

W

)
s3

WUũg2
s2,2Uũg2∗

s3,2

)
U

ũg1
s4,1 +

δg1,g2δg3,g4U
ũg1
s2,1

((
((δZe) sW − δsW)

(
c2

W + 8c4
W

)
+ (δsW) s2

W

)
Uũg3∗

s3,1 Uũg3
s4,1 − 4

(
(δsW) sW + (δZe) c2

W

)
s3

WUũg3∗
s3,2 Uũg3

s4,2

)

1 =
δg1,g4δg2,g3δmug

g2

(
U

ũg1∗
s1,2 Uũg2

s2,2Uũg2∗
s3,1 U

ũg1
s4,1 + U

ũg1∗
s1,1 Uũg2

s2,1Uũg2∗
s3,2 U

ũg1
s4,2

)
+

δg1,g2δg3,g4δmug
g3

(
U

ũg1∗
s1,1 U

ũg1
s2,2Uũg3∗

s3,2 Uũg3
s4,1 + U

ũg1∗
s1,2 U

ũg1
s2,1Uũg3∗

s3,1 Uũg3
s4,2

)

[SSSS] 2 Higgs – 2 Sleptons

C
280

(
h0, h0, ν̃g3, ν̃†g4

)
=

 ie2δg3,g4

8c4
Ws3

W

 4c2α

(
(sW (δZe)− δsW) c2

W + (δsW) s2
W

)
+

sWc2
W

(
2s2α (δZhH) + c2α

(
2 (δZhh) + δZν̃

1,1 + δZν̃
1,1

))
 
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C
281

(
h0, h0, ẽs3

g3, ẽs4,†
g4

)
=

[
ie2( 4 )δg3,g4

8c4
Wc3

βM4
Ws3

W

]

4 =
( 3 )cβsWc2

WM2
W + U

ẽg4∗
s3,1

(
cβsWc2

WM2
W

(
c2α

(
1− 2c2

W

)
c2
βM2

W − 2c2
Wm2

eg4
s2
α

) (
δZ

ẽg4
1,s4U

ẽg4
1,1 + δZ

ẽg4
2,s4U

ẽg4
2,1

)
+ 2( 1 )U

ẽg4
s4,1

)
−

2U
ẽg4∗
s3,2

(
cβsWc2

WM2
W

(
c2αc2

βM2
Ws2

W + c2
Wm2

eg4
s2
α

) (
δZ

ẽg4
1,s4U

ẽg4
1,2 + δZ

ẽg4
2,s4U

ẽg4
2,2

)
+ ( 2 )U

ẽg4
s4,2

)

3 =

(
c2α

(
1− 2c2

W

)
c2
βM2

W − 2c2
Wm2

eg4
s2
α

) (
δZẽg3

1,s3U
ẽg4∗
1,1 + δZẽg3

2,s3U
ẽg4∗
2,1

)
U

ẽg4
s4,1−

2
(

c2αc2
βM2

Ws2
W + c2

Wm2
eg4

s2
α

) (
δZẽg3

1,s3U
ẽg4∗
1,2 + δZẽg3

2,s3U
ẽg4∗
2,2

)
U

ẽg4
s4,2

2 =

2
(
(δZhH) s2αc2

W + c2α

(
2 (δsW) sW + (2 (δZe) + δZhh) c2

W

))
c3
βM4

Ws3
W +

meg4 c4
W

4cβsWδmeg
g4M2

Ws2
α −meg4

 4 (δsW) M2
Ws2

α +

sW

(
(δZhH) s2αM2

W − 2
(
(2 (δZe) + δZhh) M2

W − δM2
W

)
s2
α

)
 cβ + 4 (δcβ) sWM2

Ws2
α



1 =


(δZhH) s2αsW

(
1− 2c2

W

)
c2

W + 2 (δsW)
(

1− 2c2
W

)
s2

W +(
2 (δsW) + (2 (δZe) + δZhh) sW

(
1− 2c2

W

))
c2

W

 c2α

 c3
βM4

W−

meg4 c4
W

4cβsWδmeg
g4M2

Ws2
α −meg4

 4 (δsW) M2
Ws2

α +

sW

(
(δZhH) s2αM2

W − 2
(
(2 (δZe) + δZhh) M2

W − δM2
W

)
s2
α

)
 cβ + 4 (δcβ) sWM2

Ws2
α



C
284

(
H0, H0, ν̃g3, ν̃†g4

)
=

 − ie2δg3,g4

8c4
Ws3

W

 4c2α

(
(sW (δZe)− δsW) c2

W + (δsW) s2
W

)
−

sWc2
W

(
2s2α (δZhH)− c2α

(
2 (δZHH) + δZν̃

1,1 + δZν̃
1,1

))
 

C
285

(
H0, H0, ẽs3

g3, ẽs4,†
g4

)
=

[
−

ie2( 4 )δg3,g4

8c4
Wc3

βM4
Ws3

W

]

4 =
( 3 )cβsWc2

WM2
W −U

ẽg4∗
s3,1

(
2( 1 )U

ẽg4
s4,1 − cβsWc2

WM2
W

(
2c2

Wc2
αm2

eg4
+ c2α

(
1− 2c2

W

)
c2
βM2

W

) (
δZ

ẽg4
1,s4U

ẽg4
1,1 + δZ

ẽg4
2,s4U

ẽg4
2,1

))
+

2U
ẽg4∗
s3,2

(
cβsWc2

WM2
W

(
c2

Wc2
αm2

eg4
− c2αc2

βM2
Ws2

W

) (
δZ

ẽg4
1,s4U

ẽg4
1,2 + δZ

ẽg4
2,s4U

ẽg4
2,2

)
+ ( 2 )U

ẽg4
s4,2

)

3 =

(
2c2

Wc2
αm2

eg4
+ c2α

(
1− 2c2

W

)
c2
βM2

W

) (
δZẽg3

1,s3U
ẽg4∗
1,1 + δZẽg3

2,s3U
ẽg4∗
2,1

)
U

ẽg4
s4,1 +

2
(

c2
Wc2

αm2
eg4
− c2αc2

βM2
Ws2

W

) (
δZẽg3

1,s3U
ẽg4∗
1,2 + δZẽg3

2,s3U
ẽg4∗
2,2

)
U

ẽg4
s4,2
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2 =

2
(
(δZhH) s2αc2

W − c2α

(
2 (δsW) sW + (2 (δZe) + δZHH) c2

W

))
c3
βM4

Ws3
W +

meg4 c4
W

4cβsWδmeg
g4c2

αM2
W −

 (δZhH) cβs2αsWM2
W +

2c2
α

(
2 (δcβ) sWM2

W + cβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZHH) M2

W − δM2
W

)))
meg4



1 =


(δZhH) s2αsW

(
1− 2c2

W

)
c2

W− 2 (δsW)
(

1− 2c2
W

)
s2

W +(
2 (δsW) + (2 (δZe) + δZHH) sW

(
1− 2c2

W

))
c2

W

 c2α

 c3
βM4

W−

meg4 c4
W

4cβsWδmeg
g4c2

αM2
W −

 (δZhH) cβs2αsWM2
W +

2c2
α

(
2 (δcβ) sWM2

W + cβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZHH) M2

W − δM2
W

)))
meg4



C
288

(
A0, A0, ν̃g3, ν̃†g4

)
=

 ie2δg3,g4

8c4
Ws3

W

 4c2β

(
(sW (δZe)− δsW) c2

W + (δsW) s2
W

)
+

sWc2
W

(
2s2β (δZAG) + c2β

(
2 (δZAA) + δZν̃

1,1 + δZν̃
1,1

))
 

C
289

(
G0, G0, ν̃g3, ν̃†g4

)
=

 − ie2δg3,g4

8c4
Ws3

W

 4c2β

(
(sW (δZe)− δsW) c2

W + (δsW) s2
W

)
−

sWc2
W

(
2s2β (δZAG)− c2β

(
2 (δZGG) + δZν̃

1,1 + δZν̃
1,1

))
 

C
290

(
A0, G0, ν̃g3, ν̃†g4

)
=

[
ie2δg3,g4s2β

8c4
Ws3

W

(
4 (δsW) s2

W + c2
W

(
4 (sW (δZe)− δsW) + sW

(
δZAA + δZGG + δZν̃

1,1 + δZν̃
1,1

))) ]

C
291

(
A0, A0, ẽs3

g3, ẽs4,†
g4

)
=

[
ie2( 4 )δg3,g4

8c4
Wc3

βM4
Ws3

W

]

4 =
( 3 )cβsWc2

WM2
W + U

ẽg4∗
s3,1

(
2( 1 )U

ẽg4
s4,1 − sWc2

WM2
W

(
s2βsβc2

Wm2
eg4
− c2β

(
1− 2c2

W

)
c3
βM2

W

) (
δZ

ẽg4
1,s4U

ẽg4
1,1 + δZ

ẽg4
2,s4U

ẽg4
2,1

))
−

2U
ẽg4∗
s3,2

(
cβsWc2

WM2
W

(
c2βc2

βM2
Ws2

W + c2
Wm2

eg4
s2
β

) (
δZ

ẽg4
1,s4U

ẽg4
1,2 + δZ

ẽg4
2,s4U

ẽg4
2,2

)
+ 2( 2 )U

ẽg4
s4,2

)

3 =

(
c2β

(
1− 2c2

W

)
c2
βM2

W − 2c2
Wm2

eg4
s2
β

) (
δZẽg3

1,s3U
ẽg4∗
1,1 + δZẽg3

2,s3U
ẽg4∗
2,1

)
U

ẽg4
s4,1−

2
(

c2βc2
βM2

Ws2
W + c2

Wm2
eg4

s2
β

) (
δZẽg3

1,s3U
ẽg4∗
1,2 + δZẽg3

2,s3U
ẽg4∗
2,2

)
U

ẽg4
s4,2

2 =

(
(δZAG) s2βc2

W + c2β

(
2 (δsW) sW + (2 (δZe) + δZAA) c2

W

))
c3
βM4

Ws3
W +

meg4 sβc4
W

s2βsWδmeg
g4M2

W −

 s2β

2

(
2 (δsW) M2

W − sW

(
(2 (δZe) + δZAA) M2

W − δM2
W

))
+

sW

(
2 (δcβ) sβ + (δZAG) c2

β

)
M2

W

meg4


99



1 =

c3
βM4

W

(
(δZAG) s2βsW

(
1− 2c2

W

)
c2

W + c2β

((
2 (δsW) + (2 (δZe) + δZAA) sW

(
1− 2c2

W

))
c2

W + 2 (δsW)
(

1− 2c2
W

)
s2

W

))
−

2meg4 sβc4
W

s2βsWδmeg
g4M2

W −

 s2β

2

(
2 (δsW) M2

W − sW

(
(2 (δZe) + δZAA) M2

W − δM2
W

))
+

sW

(
2 (δcβ) sβ + (δZAG) c2

β

)
M2

W

meg4



C
292

(
G0, G0, ẽs3

g3, ẽs4,†
g4

)
=

[
−

ie2( 3 )δg3,g4

8cβc4
WM4

Ws3
W

]

3 =

−U
ẽg4∗
s3,1

(
2( 2 )U

ẽg4
s4,1 − cβsWc2

WM2
W

(
2c2

Wm2
eg4

+ c2β

(
1− 2c2

W

)
M2

W

) (
δZ

ẽg4
1,s4U

ẽg4
1,1 + δZ

ẽg4
2,s4U

ẽg4
2,1

))
−

2U
ẽg4∗
s3,2

(
2( 1 )U

ẽg4
s4,2 − cβsWc2

WM2
W

(
c2

Wm2
eg4
− c2βM2

Ws2
W

) (
δZ

ẽg4
1,s4U

ẽg4
1,2 + δZ

ẽg4
2,s4U

ẽg4
2,2

))
+ (

2c2
Wm2

eg4
+ c2β

(
1− 2c2

W

)
M2

W

) (
δZẽg3

1,s3U
ẽg4∗
1,1 + δZẽg3

2,s3U
ẽg4∗
2,1

)
U

ẽg4
s4,1 +

2
(

c2
Wm2

eg4
− c2βM2

Ws2
W

) (
δZẽg3

1,s3U
ẽg4∗
1,2 + δZẽg3

2,s3U
ẽg4∗
2,2

)
U

ẽg4
s4,2

 cβsWc2
WM2

W

2 =

2

 sW (2 (δcβ) + (δZAG) sβ) M2
W +

cβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZGG) M2

W − δM2
W

))
 c4

Wm2
eg4
−

cβ

4meg4 sWδmeg
g4c4

WM2
W −

(δZAG) s2βsW

(
1− 2c2

W

)
c2

W −

 2 (δsW)
(

1− 2c2
W

)
s2

W +(
2 (δsW) + (2 (δZe) + δZGG) sW

(
1− 2c2

W

))
c2

W

 c2β

M4
W



1 =
−cβ

(
2meg4 sWδmeg

g4c4
WM2

W +
(
(δZAG) s2βc2

W − c2β

(
2 (δsW) sW + (2 (δZe) + δZGG) c2

W

))
M4

Ws3
W

)
+

c4
Wm2

eg4

(
sW (2 (δcβ) + (δZAG) sβ) M2

W + cβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZGG) M2

W − δM2
W

)))

C
293

(
A0, G0, ẽs3

g3, ẽs4,†
g4

)
=

[
ie2( 3 )δg3,g4

8c4
Wc2

βM4
Ws3

W

]

3 =

U
ẽg4∗
s3,1

(
s2βsWc2

WM2
W

(
c2

Wm2
eg4

+
(

1− 2c2
W

)
c2
βM2

W

) (
δZ

ẽg4
1,s4U

ẽg4
1,1 + δZ

ẽg4
2,s4U

ẽg4
2,1

)
+ ( 2 )U

ẽg4
s4,1

)
−

U
ẽg4∗
s3,2

(
( 1 )U

ẽg4
s4,2 − s2βsWc2

WM2
W

(
c2

Wm2
eg4
− 2c2

βM2
Ws2

W

) (
δZ

ẽg4
1,s4U

ẽg4
1,2 + δZ

ẽg4
2,s4U

ẽg4
2,2

))
+ (

c2
Wm2

eg4
+
(

1− 2c2
W

)
c2
βM2

W

) (
δZẽg3

1,s3U
ẽg4∗
1,1 + δZẽg3

2,s3U
ẽg4∗
2,1

)
U

ẽg4
s4,1 +(

c2
Wm2

eg4
− 2c2

βM2
Ws2

W

) (
δZẽg3

1,s3U
ẽg4∗
1,2 + δZẽg3

2,s3U
ẽg4∗
2,2

)
U

ẽg4
s4,2

 s2βsWc2
WM2

W
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2 =

meg4 c4
W

4s2βsWδmeg
g4M2

W −meg4

 2s2βδM2
W +

(2 (δZAG)− (4 (δZe) + δZAA + δZGG) s2β + 8 (δcβ) sβ) M2
W

 sW + 4 (δsW) s2βM2
W

 − 4
(
((δZe) sW − δsW) c2

W

(
1− 2s2

W

)
− (δsW) s2

W

)
−

(δZAA + δZGG) sW

(
1− 2c2

W

)
c2

W

 s2βc2
βM4

W

1 =

2s2β

(
4 (δsW) sW + (4 (δZe) + δZAA + δZGG) c2

W

)
c2
βM4

Ws3
W−

meg4 c4
W

4s2βsWδmeg
g4M2

W −

 s2β

(
4 (δsW) M2

W − 2sW

(
2 (δZe) M2

W − δM2
W

))
+

sW (2 (δZAG)− (δZAA + δZGG) s2β + 8 (δcβ) sβ) M2
W

meg4



C
300

(
h0, H0, ν̃g3, ν̃†g4

)
=

[
ie2δg3,g4s2α

8c4
Ws3

W

(
4 (δsW) s2

W + c2
W

(
4 (sW (δZe)− δsW) + sW

(
δZhh + δZHH + δZν̃

1,1 + δZν̃
1,1

))) ]

C
301

(
h0, H0, ẽs3

g3, ẽs4,†
g4

)
=

[
ie2( 4 )δg3,g4

8c4
Wc3

βM4
Ws3

W

]

4 = s2αcβsWc2
WM2

W

 (
c2

Wm2
eg4

+
(

1− 2c2
W

)
c2
βM2

W

) (
δZẽg3

1,s3U
ẽg4∗
1,1 + δZẽg3

2,s3U
ẽg4∗
2,1

)
U

ẽg4
s4,1 +(

c2
Wm2

eg4
− 2c2

βM2
Ws2

W

) (
δZẽg3

1,s3U
ẽg4∗
1,2 + δZẽg3

2,s3U
ẽg4∗
2,2

)
U

ẽg4
s4,2

+ ( 3 )U
ẽg4∗
s3,1 − ( 2 )U

ẽg4∗
s3,2

3 =
cβs2αsWc2

WM2
W

(
c2

Wm2
eg4

+
(

1− 2c2
W

)
c2
βM2

W

) (
δZ

ẽg4
1,s4U

ẽg4
1,1 + δZ

ẽg4
2,s4U

ẽg4
2,1

)
+(

( 1 )meg4 c4
W + s2αc3

βM4
W

((
4 (δsW) + (4 (δZe) + δZhh + δZHH) sW

(
1− 2c2

W

))
c2

W + 4 (δsW)
(

1− 2c2
W

)
s2

W

))
U

ẽg4
s4,1

2 =
−cβs2αsWc2

WM2
W

(
c2

Wm2
eg4
− 2c2

βM2
Ws2

W

) (
δZ

ẽg4
1,s4U

ẽg4
1,2 + δZ

ẽg4
2,s4U

ẽg4
2,2

)
−(

( 1 )meg4 c4
W − 2s2α

(
4 (δsW) sW + (4 (δZe) + δZhh + δZHH) c2

W

)
c3
βM4

Ws3
W

)
U

ẽg4
s4,2

1 = 4s2αcβsWM2
Wδmeg

g4 −meg4

cβ


4 (δsW) s2αM2

W + 2s2αδM2
W−

M2
W

(
(4 (δZe) + δZhh + δZHH) s2α − 2 (δZhH)

(
c2
α + s2

α

))
 sW

+ 4s2αsWM2
W (δcβ)



C
316

(
h0, H−, ν̃g3, ẽs4,†

g4

)
=

 ie2δg3,g4

4
√

2c3
βM4

Ws3
W

 ( 2 )U ẽg3
s4,1−

cβsWM2
W

(
sαsβm2

eg3
+ cα+βc2

βM2
W

) (
U ẽg3

1,1δZ
ẽg4
1,s4 + U ẽg3

2,1δZ
ẽg4
2,s4

)
 
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2 =

1
2
( 1 )c2

βM4
W −meg3 s2βsα

(
2sWδmeg

g3M2
W −meg3

(
sWδM2

W + 2 (δsW) M2
W

))
−(

1
2

sWM2
W

)δZν̃
1,1

(
s2βsαm2

eg3
+ 2cα+βc3

βM2
W

)
−

 sα
(

8 (δcβ) sβ + 2 (δZG−H−) c2
β

)
+

s2β ((δZhH) cα − (4 (δZe) + δZhh + δZH−H−) sα)

m2
eg3



1 =
sWsα

(
(4 (δZe) + δZhh + δZH−H−) s2β − 2 (δZhH + δZG−H−) c2

β

)
− s2β ((δZhH + δZG−H−) cαsW + 4 (δsW) sα) +

2cα (4 (δsW)− (4 (δZe) + δZhh + δZH−H−) sW) c2
β

C
317

(
h0, G−, ν̃g3, ẽs4,†

g4

)
=

 ie2δg3,g4

4
√

2c2
βM4

Ws3
W

 ( 2 )U ẽg3
s4,1 +

cβsWM2
W

(
sαm2

eg3
− cβsα+βM2

W

) (
U ẽg3

1,1δZ
ẽg4
1,s4 + U ẽg3

2,1δZ
ẽg4
2,s4

)
 

2 =

cβ

(
1
2
( 1 )M4

W + 2meg3 sα
(

2sWδmeg
g3M2

W −meg3

(
sWδM2

W + 2 (δsW) M2
W

)))
+

sWM2
W

cβδZν̃
1,1

(
sαm2

eg3
− cβsα+βM2

W

)
−

 cβ ((δZhH) cα − (4 (δZe) + δZhh + δZG−G−) sα) +

sα (4 (δcβ) + (δZH−G−) sβ)

m2
eg3



1 =
(8 (δsW) sα − 2sW ((4 (δZe) + δZhh + δZG−G−) sα − (δZhH − δZH−G−) cα)) c2

β +

s2β (cα (4 (δsW)− (4 (δZe) + δZhh + δZG−G−) sW)− (δZhH − δZH−G−) sWsα)

C
318

(
h0, H+, ẽs3

g3, ν̃†g4

)
=

 ie2δg3,g4

8
√

2c3
βM4

Ws3
W

 ( 2 )U
ẽg4∗
s3,1 −

sWM2
W

(
s2βsαm2

eg4
+ 2cα+βc3

βM2
W

) (
U

ẽg4∗
1,1 δZẽg3

1,s3 + U
ẽg4∗
2,1 δZẽg3

2,s3

)
 

2 =

sWsα
(

8 (δcβ) sβ + 2 (δZH−G−) c2
β

)
m2

eg4
M2

W + ( 1 )M4
W−

meg4 s2β

4sWsαδmeg
g4M2

W −

 sα
(

4 (δsW)− sWδZν̃
1,1

)
M2

W−

sW

(((
4 (δZe) + δZH−H− + δZhh

)
sα − (δZhH) cα

)
M2

W − 2sαδM2
W

)
meg4



1 =

−2sW
((
δZH−H−

)
cα+β + (δZH−G−) sα+β

)
c3
β − 2

(
(δZhH) sWsα − cα

(
4 (δsW)− sW

(
4 (δZe) + δZhh + δZν̃

1,1

)))
c4
β− sα

(
4 (δsW)− sWδZν̃

1,1

)
−

sW ((4 (δZe) + δZhh) sα − (δZhH) cα)

 s2βc2
β

C
319

(
h0, G+, ẽs3

g3, ν̃†g4

)
=

 ie2δg3,g4

8
√

2c2
βM4

Ws3
W

 ( 2 )U
ẽg4∗
s3,1 +

2cβsWM2
W

(
sαm2

eg4
− cβsα+βM2

W

) (
U

ẽg4∗
1,1 δZẽg3

1,s3 + U
ẽg4∗
2,1 δZẽg3

2,s3

)
 
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2 =

( 1 )M4
W − sWsα (8 (δcβ) + 2 (δZG−H−) sβ)m2

eg4
M2

W +

2cβmeg4

4sWsαδmeg
g4M2

W −

 sα
(

4 (δsW)− sWδZν̃
1,1

)
M2

W +

sW

(
2sαδM2

W + ((δZhH) cα − (4 (δZe) + δZhh + δZG−G−) sα) M2
W

)
meg4



1 =
cβs2β (cα (4 (δsW)− (4 (δZe) + δZhh) sW)− (δZhH) sWsα) + 2 (4 (δsW) sα − sW ((4 (δZe) + δZhh) sα − (δZhH) cα)) c3

β−

2sW

(
(δZG−H−) cα+β + sα+β

(
δZG−G− + δZν̃

1,1

))
c2
β

C
320

(
A0, H−, ν̃g3, ẽs4,†

g4

)
=

 e2δg3,g4

4
√

2c3
βM4

Ws3
W

 1
4
( 1 )U ẽg3

s4,1 +

cβsWM2
W

(
c2βc2

βM2
W + m2

eg3
s2
β

) (
U ẽg3

1,1δZ
ẽg4
1,s4 + U ẽg3

2,1δZ
ẽg4
2,s4

)



1 =

−sWm2
eg3

M2
W

(
2 (δZAG + δZG−H−) cβs2β + 16 (δcβ) s2

β

)
−

M4
W

(
(4 (δsW)− (4 (δZe) + δZAA + δZH−H−) sW)

(
4c5

β − cβs2
2β

)
− 4sW

(
(δZAG + δZG−H−) s2β + c2βδZν̃

1,1
)

c3
β

)
+

2meg3 s2βsβ
(

4sWδmeg
g3M2

W + meg3

(
sW

(
(4 (δZe) + δZAA + δZH−H−) M2

W − 2δM2
W

)
−
(
4 (δsW)− sWδZν̃

1,1
)

M2
W

))

C
321

(
G0, G−, ν̃g3, ẽs4,†

g4

)
=

[
e2δg3,g4

4
√

2cβM4
Ws3

W

(
( 1 )U ẽg3

s4,1 + cβsWM2
W

(
m2

eg3
− c2βM2

W

) (
U ẽg3

1,1δZ
ẽg4
1,s4 + U ẽg3

2,1δZ
ẽg4
2,s4

)) ]

1 =

2cβmeg3

(
2sWδmeg

g3M2
W −meg3

(
sWδM2

W + 2 (δsW) M2
W

))
+(

1
2

M4
W

)(8 (δsW)− 2 (4 (δZe) + δZGG + δZG−G−) sW) c3
β −

 (4 (δsW)− (4 (δZe) + δZGG + δZG−G−) sW) sβ−

2 (δZAG + δZH−G−) cβsW

 s2β

 −
sWM2

W

(
(4 (δcβ)− (4 (δZe) + δZGG + δZG−G−) cβ + (δZAG + δZH−G−) sβ)m2

eg3
− cβδZν̃

1,1

(
m2

eg3
− c2βM2

W

))

C
322

(
A0, G−, ν̃g3, ẽs4,†

g4

)
=

 − e2δg3,g4

4
√

2c2
βM4

Ws3
W

 ( 1 )U ẽg3
s4,1 +(

1
2

s2βsWM2
W

)(
m2

eg3
− 2c2

βM2
W

) (
U ẽg3

1,1δZ
ẽg4
1,s4 + U ẽg3

2,1δZ
ẽg4
2,s4

)



1 =

−2meg3 s2β

(
(δsW)meg3 − sWδmeg

g3

)
M2

W +(
1
4

M4
W

) 4s2β (4 (δsW)− (4 (δZe) + δZAA + δZG−G−) sW) c2
β +

(δZAG − δZH−G−) sW

(
4c4

β − s2
2β

)
 +

sW

(1
2

s2βM2
WδZν̃

1,1

)(
m2

eg3
− 2c2

βM2
W

)
−

(1
2

M2
W

) 8 (δcβ) sβ − (4 (δZe) + δZAA + δZG−G−) s2β +

2
(
(δZAG) c2

β + (δZH−G−) s2
β

)
+ s2βδM2

W

m2
eg3


103



C
323

(
G0, H−, ν̃g3, ẽs4,†

g4

)
=

 − e2δg3,g4

4
√

2c2
βM4

Ws3
W

 ( 1 )U ẽg3
s4,1 +(

1
2

s2βsWM2
W

)(
m2

eg3
− 2c2

βM2
W

) (
U ẽg3

1,1δZ
ẽg4
1,s4 + U ẽg3

2,1δZ
ẽg4
2,s4

)



1 =

meg3 s2β

(
2sWδmeg

g3M2
W −meg3

(
sWδM2

W + 2 (δsW) M2
W

))
+(

1
4

M4
W

)(
4s2β (4 (δsW)− (4 (δZe) + δZGG + δZH−H−) sW) c2

β − (δZAG − δZG−H−) sW

(
4c4

β − s2
2β

))
−(

1
2

sWM2
W

)(
m2

eg3

(
− (4 (δZe) + δZGG + δZH−H−) s2β + 8 (δcβ) sβ + 2 (δZG−H−) c2

β + 2 (δZAG) s2
β

)
− s2βδZν̃

1,1

(
m2

eg3
− 2c2

βM2
W

))

C
324

(
A0, H+, ẽs3

g3, ν̃†g4

)
=

 − e2δg3,g4

16
√

2c3
βM4

Ws3
W

 ( 1 )U
ẽg4∗
s3,1 +

2sWM2
W

(
s2βsβm2

eg4
+ 2c2βc3

βM2
W

) (
U

ẽg4∗
1,1 δZẽg3

1,s3 + U
ẽg4∗
2,1 δZẽg3

2,s3

)
 

1 =

2meg4 s2βsβ
(

4sWδmeg
g4M2

W −meg4

((
4 (δsW)− sWδZν̃

1,1

)
M2

W − sW

((
4 (δZe) + δZH−H− + δZAA

)
M2

W − 2δM2
W

)))
−

sWm2
eg4

M2
W

(
2 (δZAG + δZH−G−) cβs2β + 16 (δcβ) s2

β

)
−

M4
W

(
(4 (δsW)− (4 (δZe) + δZAA) sW)

(
4c5

β − cβs2
2β

)
− 4sW

(
(δZAG + δZH−G−) s2β + c2β

(
δZH−H− + δZν̃

1,1

))
c3
β

)

C
325

(
G0, G+, ẽs3

g3, ν̃†g4

)
=

[
−

e2δg3,g4

4
√

2cβM4
Ws3

W

(
( 1 )U

ẽg4∗
s3,1 + cβsWM2

W

(
m2

eg4
− c2βM2

W

) (
U

ẽg4∗
1,1 δZẽg3

1,s3 + U
ẽg4∗
2,1 δZẽg3

2,s3

)) ]

1 =

(
1
2

M4
W

)
(8 (δsW)− 2 (4 (δZe) + δZGG) sW) c3

β−

s2β (4 (δsW)− (4 (δZe) + δZGG) sW) sβ−

2cβ ((δZG−G−) c2β − (δZAG + δZG−H−) s2β) sW

+ 2cβmeg4

(
2sWδmeg

g4M2
W −meg4

(
sWδM2

W + 2 (δsW) M2
W

))
−

sWM2
W

(
(4 (δcβ)− (4 (δZe) + δZGG + δZG−G−) cβ + (δZAG + δZG−H−) sβ)m2

eg4
− cβδZν̃

1,1

(
m2

eg4
− c2βM2

W

))

C
326

(
A0, G+, ẽs3

g3, ν̃†g4

)
=

 e2δg3,g4

4
√

2c2
βM4

Ws3
W

 ( 1 )U
ẽg4∗
s3,1 +(

1
2

s2βsWM2
W

)(
m2

eg4
− 2c2

βM2
W

) (
U

ẽg4∗
1,1 δZẽg3

1,s3 + U
ẽg4∗
2,1 δZẽg3

2,s3

)



1 =

−2meg4 s2β

(
(δsW)meg4 − sWδmeg

g4

)
M2

W +(
1
4

M4
W

)(
4 (4 (δsW) s2β − ((δZG−H−) c2β + (4 (δZe) + δZAA + δZG−G−) s2β) sW) c2

β + (δZAG) sW

(
4c4

β − s2
2β

))
+

sW

(1
2

s2βM2
WδZν̃

1,1

)(
m2

eg4
− 2c2

βM2
W

)
−

(1
2

M2
W

) 8 (δcβ) sβ − (4 (δZe) + δZAA + δZG−G−) s2β +

2
(
(δZAG) c2

β + (δZG−H−) s2
β

)
+ s2βδM2

W

m2
eg4


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C
327

(
G0, H+, ẽs3

g3, ν̃†g4

)
=

 − e2δg3,g4

16
√

2c2
βM4

Ws3
W

 ( 1 )U
ẽg4∗
s3,1 −

2s2βsWM2
W

(
m2

eg4
− 2c2

βM2
W

) (
U

ẽg4∗
1,1 δZẽg3

1,s3 + U
ẽg4∗
2,1 δZẽg3

2,s3

)
 

1 =

M4
W

(
(δZAG) sW

(
4c4

β − s2
2β

)
− 4s2β

(
4 (δsW)− sW

(
4 (δZe) + δZH−H− + δZGG + δZν̃

1,1

))
c2
β

)
−

2meg4 s2β

(
4sWδmeg

g4M2
W −meg4

((
4 (δsW)− sWδZν̃

1,1

)
M2

W − sW

((
4 (δZe) + δZH−H− + δZGG

)
M2

W − 2δM2
W

)))
+

sWM2
W

(
4 (δZH−G−) c2

β

(
m2

eg4
− c2βM2

W

)
+ m2

eg4

(
16 (δcβ) sβ + 4 (δZAG) s2

β

))

C
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(
H0, H−, ν̃g3, ẽs4,†

g4

)
=

 ie2δg3,g4

4
√

2c3
βM4

Ws3
W

 ( 1 )U ẽg3
s4,1 +

cβsWM2
W

(
cαsβm2

eg3
− sα+βc2

βM2
W

) (
U ẽg3

1,1δZ
ẽg4
1,s4 + U ẽg3

2,1δZ
ẽg4
2,s4

)
 

1 =

cαmeg3

(
2s2βsWδmeg

g3M2
W −meg3

(
2 (δsW) s2βM2

W + sW

(
4 (δcβ) sβM2

W − s2β

(
2 (δZe) M2

W − δM2
W

))))
−4 ((δZe) sW − δsW) sα+β −

 sα ((δZhH − δZG−H−) sβ − (δZHH + δZH−H−) cβ) −

cα ((δZhH − δZG−H−) cβ + (δZHH + δZH−H−) sβ)

 sW

 c3
βM4

W−(
1
2

sWM2
W

)((
s2β ((δZhH) sα − (δZHH + δZH−H−) cα) + 2 (δZG−H−) cαc2

β

)
m2

eg3
− δZν̃

1,1

(
cαs2βm2

eg3
− 2sα+βc3

βM2
W

))

C
333

(
H0, G−, ν̃g3, ẽs4,†

g4

)
=

 ie2δg3,g4

4
√

2c2
βM4

Ws3
W

 ( 2 )U ẽg3
s4,1−

cβsWM2
W

(
cαm2

eg3
− cα+βcβM2

W

) (
U ẽg3

1,1δZ
ẽg4
1,s4 + U ẽg3

2,1δZ
ẽg4
2,s4

)
 

2 =

1
2
( 1 )cβM4

W − cα
(

4cβmeg3 sWδmeg
g3M2

W − 2m2
eg3

(
2 (δcβ) sWM2

W − cβ
(
(2 (δZe) sW − 2 (δsW)) M2

W − sWδM2
W

)))
+

sWM2
W

(
(cβ ((δZhH) sα − (δZHH + δZG−G−) cα) + (δZH−G−) cαsβ)m2

eg3
− cβδZν̃

1,1

(
cαm2

eg3
− cα+βcβM2

W

))

1 =
−2 (cα (4 (δsW)− (4 (δZe) + δZHH + δZG−G−) sW) + (δZhH + δZH−G−) sWsα) c2

β +

s2β (4 (δsW) sα − sW ((δZhH + δZH−G−) cα + (4 (δZe) + δZHH + δZG−G−) sα))

C
334

(
H0, H+, ẽs3

g3, ν̃†g4

)
=

 ie2δg3,g4

8
√

2c3
βM4

Ws3
W

 ( 2 )U
ẽg4∗
s3,1 +

sWM2
W

(
cαs2βm2

eg4
− 2sα+βc3

βM2
W

) (
U

ẽg4∗
1,1 δZẽg3

1,s3 + U
ẽg4∗
2,1 δZẽg3

2,s3

)
 

2 =

( 1 )M4
W − cαsW

(
8 (δcβ) sβ + 2 (δZH−G−) c2

β

)
m2

eg4
M2

W +

meg4 s2β

4cαsWδmeg
g4M2

W −

 sW

(
(δZhH) sα − cαδZν̃

1,1

)
M2

W +

cα
(

4 (δsW) M2
W − sW

((
4 (δZe) + δZH−H− + δZHH

)
M2

W − 2δM2
W

))
meg4


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1 =
s2β (cα (4 (δsW)− (4 (δZe) + δZHH) sW) + (δZhH) sWsα) c2

β + 2 (4 (δsW) sα − sW ((δZhH) cα + (4 (δZe) + δZHH) sα)) c4
β +

2sW

(
(δZH−G−) cα+β − sα+β

(
δZH−H− + δZν̃

1,1

))
c3
β

C
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(
H0, G+, ẽs3

g3, ν̃†g4

)
=

 ie2δg3,g4

8
√

2c2
βM4

Ws3
W

 ( 2 )U
ẽg4∗
s3,1 −

2cβsWM2
W

(
cαm2

eg4
− cα+βcβM2

W

) (
U

ẽg4∗
1,1 δZẽg3

1,s3 + U
ẽg4∗
2,1 δZẽg3

2,s3

)
 

2 =

cαsW (8 (δcβ) + 2 (δZG−H−) sβ)m2
eg4

M2
W + ( 1 )M4

W−

2cβmeg4

4cαsWδmeg
g4M2

W −

 sW

(
(δZhH) sα − cαδZν̃

1,1

)
M2

W +

cα
(

4 (δsW) M2
W − sW

(
(4 (δZe) + δZHH + δZG−G−) M2

W − 2δM2
W

))
meg4



1 = s2βcβ (4sα (δsW)− sW (cα (δZhH) + sα (4 (δZe) + δZHH)))− 2

 (cα (4 (δsW)− (4 (δZe) + δZHH) sW) + (δZhH) sWsα) c3
β +

sW

(
(δZG−H−) sα+β − cα+β

(
δZG−G− + δZν̃

1,1

))
c2
β



C
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(
H−, H+, ν̃g3, ν̃†g4

)
=

[
−

ie2δg3,g4

32c4
Wc3

βM4
Ws3

W

(
( 2 )c4

W − ( 1 )cβM4
W

) ]

2 = 16s2βsβsWmeg3 M2
Wδmeg

g3 − 4m2
eg3


sWM2

W

(
(δZG−H− + δZH−G−) cβs2β + 8 (δcβ) s2

β

)
− ((

4 (δZe) + δZH−H−
)

sW − 4 (δsW)
)

M2
W−

sW

(
2δM2

W −
(
δZH−H− + δZν̃

1,1 + δZν̃
1,1

)
M2

W

)
 s2βsβ



1 =
4
((

δZH−H−
)

c2βsW

(
1− 2c2

W

)
c2

Wc2
β +

(
4c4

β − s2
2β

) (
((δZe) sW − δsW)

(
c2

W − 2c4
W

)
+ (δsW) s2

W

))
+

sW

(
1− 2c2

W

)
c2

W

(
4
(
(δZG−H− + δZH−G−) s2β + c2β

(
δZν̃

1,1 + δZν̃
1,1

))
c2
β + (δZH−H−)

(
4c4

β − s2
2β

))

C
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(
G−, G+, ν̃g3, ν̃†g4

)
=

[
ie2δg3,g4

16cβc4
WM4

Ws3
W

(
( 1 )c2

W + 4
(

s2βsβ − 2c3
β

)
M4

W

(
(sW (δZe)− δsW)

(
c2

W − 2c4
W

)
+ (δsW) s2

W

)) ]

1 =

−4


cβ
(

4 ((δZe) sW − δsW) M2
W − 2sWδM2

W

)
− 4 (δcβ) + (δZG−H− + δZH−G−) sβ−

cβ
(

2 (δZG−G−) + δZν̃
1,1 + δZν̃

1,1

)
 sWM2

W

 c2
Wm2

eg3
−

sW

16cβmeg3δmeg
g3c2

WM2
W +

 2c2βcβ
(
δZG−G− + δZν̃

1,1 + δZν̃
1,1

)
+ 2 (δZG−G−) c3

β−

s2β (2 (δZG−H− + δZH−G−) cβ + (δZG−G−) sβ)

(1− 2c2
W

)
M4

W


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C
338

(
H−, G+, ν̃g3, ν̃†g4

)
=

[
−

ie2( 1 )δg3,g4

8c4
Wc2

βM4
Ws3

W

]

1 =

−c4
Wm2

eg3

(
s2β

(
4 ((δZe) sW − δsW) M2

W − 2sWδM2
W

)
− sW

(
2 (δZG−H−) + 8 (δcβ) sβ − s2β

(
δZG−G− + δZH−H− + δZν̃

1,1 + δZν̃
1,1

))
M2

W

)
−

s2β

4meg3 sWδmeg
g3c4

WM2
W +

 4
(
((δZe) sW − δsW)

(
c2

W − 2c4
W

)
+ (δsW) s2

W

)
+

sW

(
δZG−G− + δZH−H− + δZν̃

1,1 + δZν̃
1,1

) (
1− 2c2

W

)
c2

W

 c2
βM4

W



C
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(
G−, H+, ν̃g3, ν̃†g4

)
=

 ie2δg3,g4

8c4
Wc2

βM4
Ws3

W

( 1 )s2β −


s2β

(
4 (δsW) M2

W + 2sWδM2
W

)
+ 8sβ (δcβ) + 2 (δZH−G−) −

s2β

(
4 (δZe) + δZH−H− + δZG−G− + δZν̃

1,1 + δZν̃
1,1

)
 sWM2

W

 c4
Wm2

eg3




1 = 4sWmeg3 M2
Wc4

Wδmeg
g3 − c2

βM4
W

 (
2
(
4 (δZe) + δZH−H−

)
sW − 8 (δsW)

)
c4

W − 4 (δsW) s2
W +(

4 (δsW)− sW

(
4 (δZe) + δZH−H− +

(
δZG−G− + δZν̃

1,1 + δZν̃
1,1

) (
1− 2c2

W

)))
c2

W



C
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(
H−, H+, ẽs3

g3, ẽs4,†
g4

)
=

 ie2δg3,g4

8c4
Wc3

βM4
Ws3

W


( 3 )cβM2

W +

2

 ( 1 )U ẽg3
s4,2−

cβsWc2
WM2

W

(
c2βc2

βM2
Ws2

W + c2
Wm2

eg3
s2
β

) (
U ẽg3

1,2δZ
ẽg4
1,s4 + U ẽg3

2,2δZ
ẽg4
2,s4

)
U ẽg3∗

s3,2




3 =

 c2βsWc2
Wc2

β

(
δZ

ẽg4
1,s4U ẽg3

1,1 + δZ
ẽg4
2,s4U ẽg3

2,1

)
−(

( 2 )sWc2
β − (δsW)

(
4c8

βs2
W − 4c2

Wc2
β

(
−2c2

Ws2
β + 2c2βs2

Ws4
β + 1

)))
U ẽg3

s4,1

M2
WU ẽg3∗

s3,1 +

 c2βc2
βM2

W

(
δZẽg3

1,s3U ẽg3∗
1,1 + δZẽg3

2,s3U ẽg3∗
2,1

)
U ẽg3

s4,1−

2
(

c2βc2
βM2

Ws2
W + c2

Wm2
eg3

s2
β

) (
δZẽg3

1,s3U ẽg3∗
1,2 + δZẽg3

2,s3U ẽg3∗
2,2

)
U ẽg3

s4,2

 sWc2
W

2 =

4 (δsW) sWs6
β − c2β

((
4 (δZe) + δZH−H− + δZH−H−

)
c2

W + (δsW) sWs2
2β

)
− 8 (δcβ) cβ + (δsβ)

(
8sβ − 16s3

β

)
−

s2β

(
− (δZG−H−)− δZH−G− + 8 (δcβ) sβ − 2 (δsW) s2βsW

(
2s2

β + 1
))

 c2
W
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1 =

−


4meg3δmeg

g3c4
Ws2

β + (δZG−H− + δZH−G−) s2βc2
W +

c2β

(
4 (δsW) sW +

(
4 (δZe) + δZH−H− + δZH−H−

)
c2

W

)
 c2

βM2
Ws2

W

 cβsWM2
W +

 (δZG−H− + δZH−G−) sWc2
βM2

W +

sβ
(

4 (δcβ) sWM2
W + cβ

(
2sWδM2

W +
(
4 (δsW)−

(
4 (δZe) + δZH−H− + δZH−H−

)
sW
)

M2
W

))
 sβc4

Wm2
eg3

C
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(
G−, G+, ẽs3

g3, ẽs4,†
g4

)
=

 − ie2δg3,g4

8cβc4
WM4

Ws3
W


( 3 )M2

W−

2

 ( 1 )U ẽg3
s4,2−

cβsWc2
WM2

W

(
c2

Wm2
eg3
− c2βM2

Ws2
W

) (
U ẽg3

1,2δZ
ẽg4
1,s4 + U ẽg3

2,2δZ
ẽg4
2,s4

)
U ẽg3∗

s3,2




3 =

M2
WU ẽg3∗

s3,1

(
c2βcβsWc2

W

(
δZ

ẽg4
1,s4U ẽg3

1,1 + δZ
ẽg4
2,s4U ẽg3

2,1

)
+ ( 2 )U ẽg3

s4,1

)
+ c2βM2

W

(
δZẽg3

1,s3U ẽg3∗
1,1 + δZẽg3

2,s3U ẽg3∗
2,1

)
U ẽg3

s4,1 +

2
(

c2
Wm2

eg3
− c2βM2

Ws2
W

) (
δZẽg3

1,s3U ẽg3∗
1,2 + δZẽg3

2,s3U ẽg3∗
2,2

)
U ẽg3

s4,2

 cβsWc2
W

2 =
4 (δcβ) c2βsWc2

Wc2
β + 2s2β

(
((δsβ) c2βsW + 2 (δsW) sβ) c2

W − 2 (δsW) sβs2
W

)
−

cβ
(
(4 (δsW)− (2 (2 (δZe) + δZG−G−) c2β − (δZG−H− + δZH−G−) s2β) sW) c2

W − 4 (δsW) s2
W

)

1 =
−cβ

(
4meg3 sWδmeg

g3c4
WM2

W +
(
(δZG−H− + δZH−G−) s2βc2

W − 2c2β

(
2 (δsW) sW + (2 (δZe) + δZG−G−) c2

W

))
M4

Ws3
W

)
+

c4
Wm2

eg3

(
sW (4 (δcβ) + (δZG−H− + δZH−G−) sβ) M2

W + cβ
(

4 (δsW) M2
W − 2sW

(
(2 (δZe) + δZG−G−) M2

W − δM2
W

)))

C
342

(
H−, G+, ẽs3

g3, ẽs4,†
g4

)
=

 ie2δg3,g4

8c4
Wc2

βM4
Ws3

W

 2( 3 ) +

c3
βM4

WU ẽg3∗
s3,1

(
1
2
( 1 )U ẽg3

s4,1 + 2sWsβc2
W

(
U ẽg3

1,1δZ
ẽg4
1,s4 + U ẽg3

2,1δZ
ẽg4
2,s4

))



3 =

−U ẽg3∗
s3,2

(
( 2 )U ẽg3

s4,2 −
(

1
2

s2βsWc2
WM2

W

)(
c2

Wm2
eg3
− 2c2

βM2
Ws2

W

) (
δZ

ẽg4
1,s4U ẽg3

1,2 + δZ
ẽg4
2,s4U ẽg3

2,2

))
+(

1
2

s2βsWc2
WM2

W

) c2
βM2

W

(
δZẽg3

1,s3U ẽg3∗
1,1 + δZẽg3

2,s3U ẽg3∗
2,1

)
U ẽg3

s4,1 +(
c2

Wm2
eg3
− 2c2

βM2
Ws2

W

) (
δZẽg3

1,s3U ẽg3∗
1,2 + δZẽg3

2,s3U ẽg3∗
2,2

)
U ẽg3

s4,2



2 =

(
1
2

s2βsWM2
W

)(
2
(

4 (δsW) sW + (4 (δZe) + δZG−G− + δZH−H−) c2
W

)
c2
βM2

Ws2
W − 4meg3δmeg

g3c4
W

)
+

c4
Wm2

eg3

(
sW (δZG−H− + 4 (δcβ) sβ) M2

W +
s2β

2

(
2sWδM2

W + (4 (δsW)− (4 (δZe) + δZG−G− + δZH−H−) sW) M2
W

))
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1 = sWc2
W

 4 (δcβ) s2β

(
s2
β + 3

)
+ (δsβ)

(
5s2

2β + 4s2
β − 4

(
5− 12s2

W

)
s4
β

)
+

4 (4 (δZe) + δZG−G− + δZH−H− − 4 (δsW) sW) sβ

+ sβ
(

16s2
W (δsW)− 16c4

W

(
δsW − 3sWs3

β (δsβ)
))

C
343

(
G−, H+, ẽs3

g3, ẽs4,†
g4

)
=

 ie2δg3,g4

8c4
Wc2

βM4
Ws3

W

 2( 3 ) +

c3
βM4

WU ẽg3∗
s3,1

(
1
2
( 1 )U ẽg3

s4,1 + 2sWsβc2
W

(
U ẽg3

1,1δZ
ẽg4
1,s4 + U ẽg3

2,1δZ
ẽg4
2,s4

))



3 =

−U ẽg3∗
s3,2

(
( 2 )U ẽg3

s4,2 −
(

1
2

s2βsWc2
WM2

W

)(
c2

Wm2
eg3
− 2c2

βM2
Ws2

W

) (
δZ

ẽg4
1,s4U ẽg3

1,2 + δZ
ẽg4
2,s4U ẽg3

2,2

))
+(

1
2

s2βsWc2
WM2

W

) c2
βM2

W

(
δZẽg3

1,s3U ẽg3∗
1,1 + δZẽg3

2,s3U ẽg3∗
2,1

)
U ẽg3

s4,1 +(
c2

Wm2
eg3
− 2c2

βM2
Ws2

W

) (
δZẽg3

1,s3U ẽg3∗
1,2 + δZẽg3

2,s3U ẽg3∗
2,2

)
U ẽg3

s4,2



2 =

(
1
2

s2βsWM2
W

)(
2
(

4 (δsW) sW +
(
4 (δZe) + δZH−H− + δZG−G−

)
c2

W

)
c2
βM2

Ws2
W − 4meg3δmeg

g3c4
W

)
+

c4
Wm2

eg3

(
sW (δZH−G− + 4 (δcβ) sβ) M2

W +
s2β

2

(
2sWδM2

W +
(
4 (δsW)−

(
4 (δZe) + δZH−H− + δZG−G−

)
sW
)

M2
W

))

1 = sWc2
W

 4 (δcβ) s2β

(
s2
β + 3

)
+ (δsβ)

(
5s2

2β + 4s2
β − 4

(
5− 12s2

W

)
s4
β

)
+

4
(
4 (δZe) + δZH−H− + δZG−G− − 4 (δsW) sW

)
sβ

+ sβ
(

16s2
W (δsW)− 16c4

W

(
δsW − 3sWs3

β (δsβ)
))

[SSSS] 2 Higgs – 2 Squarks

C
282

(
h0, h0, ũs3

g3, ũs4,†
g4

)
=

[
−

ie2( 4 )δg3,g4

24c4
WM4

Ws3
Ws3

β

]

4 =
( 3 )sWsβc2

WM2
W + U

ũg4∗
s3,1

(
sWsβc2

WM2
W

(
6c2

Wc2
αm2

ug4
+ c2α

(
1− 4c2

W

)
M2

Ws2
β

) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
+ 2( 2 )U

ũg4
s4,1

)
−

2U
ũg4∗
s3,2

(
( 1 )U

ũg4
s4,2 − sWsβc2

WM2
W

(
3c2

Wc2
αm2

ug4
− 2c2αM2

Ws2
Ws2

β

) (
δZ

ũg4
1,s4U

ũg4
1,2 + δZ

ũg4
2,s4U

ũg4
2,2

))

3 =

(
6c2

Wc2
αm2

ug4
+ c2α

(
1− 4c2

W

)
M2

Ws2
β

) (
δZũg3

1,s3U
ũg4∗
1,1 + δZũg3

2,s3U
ũg4∗
2,1

)
U

ũg4
s4,1 +

2
(

3c2
Wc2

αm2
ug4
− 2c2αM2

Ws2
Ws2

β

) (
δZũg3

1,s3U
ũg4∗
1,2 + δZũg3

2,s3U
ũg4∗
2,2

)
U

ũg4
s4,2

109



2 =


(δZhH) s2αsW

(
1− 4c2

W

)
c2

W + 2 (δsW)
(

1− 4c2
W

)
s2

W +(
6 (δsW) + (2 (δZe) + δZhh) sW

(
1− 4c2

W

))
c2

W

 c2α

M4
Ws3

β +

3mug4 c4
W

4sWsβδmug
g4c2

αM2
W −

 2c2
α

(
2 (δsβ) sWM2

W + sβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZhh) M2

W − δM2
W

)))
−

(δZhH) s2αsWsβM2
W

mug4



1 =

4
(
(δZhH) s2αc2

W + c2α

(
2 (δsW) sW + (2 (δZe) + δZhh) c2

W

))
M4

Ws3
Ws3

β−

3mug4 c4
W

4sWsβδmug
g4c2

αM2
W −

 2c2
α

(
2 (δsβ) sWM2

W + sβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZhh) M2

W − δM2
W

)))
−

(δZhH) s2αsWsβM2
W

mug4



C
283

(
h0, h0, d̃s3

g3, d̃s4,†
g4

)
=

[
−

ie2( 4 )δg3,g4

24c4
Wc3

βM4
Ws3

W

]

4 =
( 3 )cβsWc2

WM2
W + U

d̃g4∗
s3,1

(
cβsWc2

WM2
W

(
c2α

(
2c2

W + 1
)

c2
βM2

W + 6c2
Wm2

dg4
s2
α

)(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

)
+ 2( 2 )U

d̃g4
s4,1

)
+

2U
d̃g4∗
s3,2

(
cβsWc2

WM2
W

(
c2αc2

βM2
Ws2

W + 3c2
Wm2

dg4
s2
α

)(
δZ

d̃g4
1,s4U

d̃g4
1,2 + δZ

d̃g4
2,s4U

d̃g4
2,2

)
+ ( 1 )U

d̃g4
s4,2

)

3 =

(
c2α

(
2c2

W + 1
)

c2
βM2

W + 6c2
Wm2

dg4
s2
α

)(
δZd̃g3

1,s3U
d̃g4∗
1,1 + δZd̃g3

2,s3U
d̃g4∗
2,1

)
U

d̃g4
s4,1 +

2
(

c2αc2
βM2

Ws2
W + 3c2

Wm2
dg4

s2
α

)(
δZd̃g3

1,s3U
d̃g4∗
1,2 + δZd̃g3

2,s3U
d̃g4∗
2,2

)
U

d̃g4
s4,2

2 =


(δZhH) s2αsWc2

W

(
2c2

W + 1
)
+ 2 (δsW)

(
2c2

W + 1
)

s2
W−

c2
W

(
6 (δsW)− (2 (δZe) + δZhh) sW

(
2c2

W + 1
))

 c2α

 c3
βM4

W +

3mdg4 c4
W

4cβsWδmdg
g4M2

Ws2
α −mdg4

 4 (δsW) M2
Ws2

α +

sW

(
(δZhH) s2αM2

W − 2
(
(2 (δZe) + δZhh) M2

W − δM2
W

)
s2
α

)
 cβ + 4 (δcβ) sWM2

Ws2
α



1 =

2
(
(δZhH) s2αc2

W + c2α

(
2 (δsW) sW + (2 (δZe) + δZhh) c2

W

))
c3
βM4

Ws3
W +

3mdg4 c4
W

4cβsWδmdg
g4M2

Ws2
α −mdg4

 4 (δsW) M2
Ws2

α +

sW

(
(δZhH) s2αM2

W − 2
(
(2 (δZe) + δZhh) M2

W − δM2
W

)
s2
α

)
 cβ + 4 (δcβ) sWM2

Ws2
α


110



C
286

(
H0, H0, ũs3

g3, ũs4,†
g4

)
=

[
ie2( 4 )δg3,g4

24c4
WM4

Ws3
Ws3

β

]

4 =
( 3 )sWsβc2

WM2
W −U

ũg4∗
s3,1

(
sWsβc2

WM2
W

(
6c2

Wm2
ug4

s2
α − c2α

(
1− 4c2

W

)
M2

Ws2
β

) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
+ 2( 1 )U

ũg4
s4,1

)
+

2U
ũg4∗
s3,2

(
( 2 )U

ũg4
s4,2 − sWsβc2

WM2
W

(
3c2

Wm2
ug4

s2
α + 2c2αM2

Ws2
Ws2

β

) (
δZ

ũg4
1,s4U

ũg4
1,2 + δZ

ũg4
2,s4U

ũg4
2,2

))

3 =
−
(

6c2
Wm2

ug4
s2
α − c2α

(
1− 4c2

W

)
M2

Ws2
β

) (
δZũg3

1,s3U
ũg4∗
1,1 + δZũg3

2,s3U
ũg4∗
2,1

)
U

ũg4
s4,1−

2
(

3c2
Wm2

ug4
s2
α + 2c2αM2

Ws2
Ws2

β

) (
δZũg3

1,s3U
ũg4∗
1,2 + δZũg3

2,s3U
ũg4∗
2,2

)
U

ũg4
s4,2

2 =

4
(
(δZhH) s2αc2

W − c2α

(
2 (δsW) sW + (2 (δZe) + δZHH) c2

W

))
M4

Ws3
Ws3

β−

3mug4 c4
W

4sWsβδmug
g4M2

Ws2
α −


4 (δsβ) sWM2

Ws2
α + 4 (δsW) M2

Ws2
α −

sW

(
M2

W

(
(δZhH) s2α + (4 (δZe) + 2 (δZHH)) s2

α

)
− 2δM2

Ws2
α

)
 sβ

mug4



1 =

M4
W

(
(δZhH) s2αsW

(
1− 4c2

W

)
c2

W − c2α

((
6 (δsW) + (2 (δZe) + δZHH) sW

(
1− 4c2

W

))
c2

W + 2 (δsW)
(

1− 4c2
W

)
s2

W

))
s3
β +

3mug4 c4
W

4sWsβδmug
g4M2

Ws2
α −

 4 ((δsβ) sW + (δsW) sβ) M2
Ws2

α −

sWsβ
(

M2
W

(
(δZhH) s2α + (4 (δZe) + 2 (δZHH)) s2

α

)
− 2δM2

Ws2
α

)
mug4



C
287

(
H0, H0, d̃s3

g3, d̃s4,†
g4

)
=

[
ie2( 4 )δg3,g4

24c4
Wc3

βM4
Ws3

W

]

4 =
( 3 )cβsWc2

WM2
W −U

d̃g4∗
s3,1

(
cβsWc2

WM2
W

(
6c2

Wc2
αm2

dg4
− c2α

(
2c2

W + 1
)

c2
βM2

W

)(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

)
+ 2( 2 )U

d̃g4
s4,1

)
−

2U
d̃g4∗
s3,2

(
cβsWc2

WM2
W

(
3c2

Wc2
αm2

dg4
− c2αc2

βM2
Ws2

W

)(
δZ

d̃g4
1,s4U

d̃g4
1,2 + δZ

d̃g4
2,s4U

d̃g4
2,2

)
+ ( 1 )U

d̃g4
s4,2

)

3 =
−
(

6c2
Wc2

αm2
dg4
− c2α

(
2c2

W + 1
)

c2
βM2

W

)(
δZd̃g3

1,s3U
d̃g4∗
1,1 + δZd̃g3

2,s3U
d̃g4∗
2,1

)
U

d̃g4
s4,1−

2
(

3c2
Wc2

αm2
dg4
− c2αc2

βM2
Ws2

W

)(
δZd̃g3

1,s3U
d̃g4∗
1,2 + δZd̃g3

2,s3U
d̃g4∗
2,2

)
U

d̃g4
s4,2
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2 =


(δZhH) s2αsWc2

W

(
2c2

W + 1
)
− 2 (δsW)

(
2c2

W + 1
)

s2
W−

c2
W

(
6 (δsW)− (2 (δZe) + δZHH) sW

(
2c2

W + 1
))

 c2α

 c3
βM4

W +

3mdg4 c4
W

4cβsWδmdg
g4c2

αM2
W −

 (δZhH) cβs2αsWM2
W +

2c2
α

(
2 (δcβ) sWM2

W + cβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZHH) M2

W − δM2
W

)))
mdg4



1 =

2
(
(δZhH) s2αc2

W − c2α

(
2 (δsW) sW + (2 (δZe) + δZHH) c2

W

))
c3
βM4

Ws3
W +

3mdg4 c4
W

4cβsWδmdg
g4c2

αM2
W −

 (δZhH) cβs2αsWM2
W +

2c2
α

(
2 (δcβ) sWM2

W + cβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZHH) M2

W − δM2
W

)))
mdg4



C
294

(
A0, A0, ũs3

g3, ũs4,†
g4

)
=

 − ie2δg3,g4

24c4
WM4

Ws3
Ws3

β


( 4 )sWsβc2

WM2
W + ( 2 )U

ũg4∗
s3,1 +

2

 2( 3 )U
ũg4
s4,2 +

sWsβc2
WM2

W

(
3c2

Wc2
βm2

ug4
− 2c2βM2

Ws2
Ws2

β

) (
U

ũg4
1,2 δZ

ũg4
1,s4 + U

ũg4
2,2 δZ

ũg4
2,s4

)
U

ũg4∗
s3,2




4 =

(
6c2

Wc2
βm2

ug4
+ c2β

(
1− 4c2

W

)
M2

Ws2
β

) (
δZũg3

1,s3U
ũg4∗
1,1 + δZũg3

2,s3U
ũg4∗
2,1

)
U

ũg4
s4,1 +

2
(

3c2
Wc2

βm2
ug4
− 2c2βM2

Ws2
Ws2

β

) (
δZũg3

1,s3U
ũg4∗
1,2 + δZũg3

2,s3U
ũg4∗
2,2

)
U

ũg4
s4,2

3 =

−2

 (
2 (δsW) sW + (2 (δZe) + δZAA) c2

W

)
c2
β − 2 (δsW) sWs2

β +

c2
W

(
(δZAG) s2β − (2 (δZe) + δZAA) s2

β

)
M4

Ws3
Ws3

β +

3cβmug4 c4
W

s2βsWδmug
g4M2

W −
(

1
2

mug4

) 2 (δsW) s2βM2
W +

sW

(
s2βδM2

W + M2
W

(
4 (δsβ) cβ − (2 (δZe) + δZAA) s2β − 2 (δZAG) s2

β

))


2 =

sWsβc2
WM2

W

(
6c2

Wc2
βm2

ug4
+ c2β

(
1− 4c2

W

)
M2

Ws2
β

) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
−

2

( 1 )M4
Ws3

β − 6cβmug4 c4
W




(δZAG) sWM2
Ws2

β− 2 (δsβ) sWM2
W +

sβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZAA) M2

W − δM2
W

))
 cβ

mug4 + s2βsWδmug
g4M2

W


U

ũg4
s4,1

1 =
− (δZAG) s2βsW

(
1− 4c2

W

)
c2

W − c2
β

((
6 (δsW) + (2 (δZe) + δZAA) sW

(
1− 4c2

W

))
c2

W − (δsW)
(

6s2
W − 8s4

W

))
+((

6 (δsW) + (2 (δZe) + δZAA) sW

(
1− 4c2

W

))
c2

W + 2 (δsW)
(

1− 4c2
W

)
s2

W

)
s2
β

112



C
295

(
G0, G0, ũs3

g3, ũs4,†
g4

)
=

 ie2δg3,g4

24sβc4
WM4

Ws3
W


( 4 )sWsβc2

WM2
W + ( 3 )U

ũg4∗
s3,1 +

2

 2( 1 )U
ũg4
s4,2−

sWsβc2
WM2

W

(
3c2

Wm2
ug4

+ 2c2βM2
Ws2

W

) (
U

ũg4
1,2 δZ

ũg4
1,s4 + U

ũg4
2,2 δZ

ũg4
2,s4

)
U

ũg4∗
s3,2




4 =
−
(

6c2
Wm2

ug4
− c2β

(
1− 4c2

W

)
M2

W

) (
δZũg3

1,s3U
ũg4∗
1,1 + δZũg3

2,s3U
ũg4∗
2,1

)
U

ũg4
s4,1−

2
(

3c2
Wm2

ug4
+ 2c2βM2

Ws2
W

) (
δZũg3

1,s3U
ũg4∗
1,2 + δZũg3

2,s3U
ũg4∗
2,2

)
U

ũg4
s4,2

3 =

−sWsβc2
WM2

W

(
6c2

Wm2
ug4
− c2β

(
1− 4c2

W

)
M2

W

) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
−

2

 sβ
(

12mug4 sWδmug
g4c4

WM2
W + ( 2 )M4

W

)
−

6c4
Wm2

ug4

(
2 (δsW) sβM2

W + sW

(
sβδM2

W + (2 (δsβ)− (δZAG) cβ − (2 (δZe) + δZGG) sβ) M2
W

))
U

ũg4
s4,1

2 =
(δZAG) s2βsW

(
1− 4c2

W

)
c2

W +
((

6 (δsW) + (2 (δZe) + δZGG) sW

(
1− 4c2

W

))
c2

W − (δsW)
(

6s2
W − 8s4

W

))
s2
β−

c2
β

((
6 (δsW) + (2 (δZe) + δZGG) sW

(
1− 4c2

W

))
c2

W + 2 (δsW)
(

1− 4c2
W

)
s2

W

)

1 =
sβ
(

2
(
(δZAG) s2βc2

W − c2β

(
2 (δsW) sW + (2 (δZe) + δZGG) c2

W

))
M4

Ws3
W − 6mug4 sWδmug

g4c4
WM2

W

)
+

3c4
Wm2

ug4

(
2 (δsW) sβM2

W + sW

(
sβδM2

W + (2 (δsβ)− (δZAG) cβ − (2 (δZe) + δZGG) sβ) M2
W

))

C
296

(
A0, G0, ũs3

g3, ũs4,†
g4

)
=

[
−

ie2( 3 )δg3,g4

24c4
WM4

Ws3
Ws2

β

]

3 =

−U
ũg4∗
s3,1

(
( 2 )U

ũg4
s4,1 − s2βsWc2

WM2
W

(
3c2

Wm2
ug4

+
(

1− 4c2
W

)
M2

Ws2
β

) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

))
−

U
ũg4∗
s3,2

(
2( 1 )U

ũg4
s4,2 − s2βsWc2

WM2
W

(
3c2

Wm2
ug4
− 4M2

Ws2
Ws2

β

) (
δZ

ũg4
1,s4U

ũg4
1,2 + δZ

ũg4
2,s4U

ũg4
2,2

))
+ (

3c2
Wm2

ug4
+
(

1− 4c2
W

)
M2

Ws2
β

) (
δZũg3

1,s3U
ũg4∗
1,1 + δZũg3

2,s3U
ũg4∗
2,1

)
U

ũg4
s4,1 +(

3c2
Wm2

ug4
− 4M2

Ws2
Ws2

β

) (
δZũg3

1,s3U
ũg4∗
1,2 + δZũg3

2,s3U
ũg4∗
2,2

)
U

ũg4
s4,2

 s2βsWc2
WM2

W

2 =

6c4
Wm2

ug4

(
2 (δsW) s2βM2

W +
sW

2

(
2s2βδM2

W + (−2 (δZAG) + 8 (δsβ) cβ − (4 (δZe) + δZAA + δZGG) s2β) M2
W

))
−

cβ

24mug4 sWsβδmug
g4c4

WM2
W − 2

 4 (4 (δZe) + δZAA + δZGG) sWc4
W − 4 (δsW) s2

W−

c2
W

(
(4 (δZe) + δZAA + δZGG) sW + 4 (δsW)

(
3− 4s2

W

))
M4

Ws3
β



1 =
cβ
(

4
(

4 (δsW) sW + (4 (δZe) + δZAA + δZGG) c2
W

)
M4

Ws3
Ws3

β − 12mug4 sWsβδmug
g4c4

WM2
W

)
+(

3
2

c4
Wm2

ug4

)(
4 (δsW) s2βM2

W + sW

(
2s2βδM2

W + (−2 (δZAG) + 8 (δsβ) cβ − (4 (δZe) + δZAA + δZGG) s2β) M2
W

))
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(
A0, A0, d̃s3

g3, d̃s4,†
g4

)
=

 − ie2δg3,g4

24c4
Wc3

βM4
Ws3

W


( 4 )cβsWc2

WM2
W + ( 3 )U

d̃g4∗
s3,1 +

2

 2( 1 )U
d̃g4
s4,2 +

cβsWc2
WM2

W

(
c2βc2

βM2
Ws2

W + 3c2
Wm2

dg4
s2
β

)(
U

d̃g4
1,2δZ

d̃g4
1,s4 + U

d̃g4
2,2δZ

d̃g4
2,s4

) U
d̃g4∗
s3,2




4 =

(
c2β

(
2c2

W + 1
)

c2
βM2

W + 6c2
Wm2

dg4
s2
β

)(
δZd̃g3

1,s3U
d̃g4∗
1,1 + δZd̃g3

2,s3U
d̃g4∗
2,1

)
U

d̃g4
s4,1 +

2
(

c2βc2
βM2

Ws2
W + 3c2

Wm2
dg4

s2
β

)(
δZd̃g3

1,s3U
d̃g4∗
1,2 + δZd̃g3

2,s3U
d̃g4∗
2,2

)
U

d̃g4
s4,2

3 =

sWc2
WM2

W

(
3s2βsβc2

Wm2
dg4

+ c2β

(
2c2

W + 1
)

c3
βM2

W

)(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

)
+

2

6mdg4 sβc4
W

s2βsWδmdg
g4M2

W −

 s2β

2

(
2 (δsW) M2

W − sW

(
(2 (δZe) + δZAA) M2

W − δM2
W

))
+

sW

(
2 (δcβ) sβ + (δZAG) c2

β

)
M2

W

mdg4

+ ( 2 )c3
βM4

W

U
d̃g4
s4,1

2 =
(δZAG) s2βsWc2

W

(
2c2

W + 1
)
− c2

β

(
c2

W

(
6 (δsW)− (2 (δZe) + δZAA) sW

(
2c2

W + 1
))
− 2 (δsW)

(
2c2

W + 1
)

s2
W

)
+(

c2
W

(
6 (δsW)− (2 (δZe) + δZAA) sW

(
2c2

W + 1
))
− (δsW)

(
6s2

W − 4s4
W

))
s2
β

1 =

(
(δZAG) s2βc2

W + c2β

(
2 (δsW) sW + (2 (δZe) + δZAA) c2

W

))
c3
βM4

Ws3
W +

3mdg4 sβc4
W

s2βsWδmdg
g4M2

W −

 s2β

2

(
2 (δsW) M2

W − sW

(
(2 (δZe) + δZAA) M2

W − δM2
W

))
+

sW

(
2 (δcβ) sβ + (δZAG) c2

β

)
M2

W

mdg4



C
298

(
G0, G0, d̃s3

g3, d̃s4,†
g4

)
=

 ie2δg3,g4

24cβc4
WM4

Ws3
W


( 4 )cβsWc2

WM2
W + ( 3 )U

d̃g4∗
s3,1 +

2

 2( 1 )U
d̃g4
s4,2−

cβsWc2
WM2

W

(
3c2

Wm2
dg4
− c2βM2

Ws2
W

)(
U

d̃g4
1,2δZ

d̃g4
1,s4 + U

d̃g4
2,2δZ

d̃g4
2,s4

) U
d̃g4∗
s3,2




4 =
−
(

6c2
Wm2

dg4
− c2β

(
2c2

W + 1
)

M2
W

)(
δZd̃g3

1,s3U
d̃g4∗
1,1 + δZd̃g3

2,s3U
d̃g4∗
2,1

)
U

d̃g4
s4,1−

2
(

3c2
Wm2

dg4
− c2βM2

Ws2
W

)(
δZd̃g3

1,s3U
d̃g4∗
1,2 + δZd̃g3

2,s3U
d̃g4∗
2,2

)
U

d̃g4
s4,2

3 =

−cβsWc2
WM2

W

(
6c2

Wm2
dg4
− c2β

(
2c2

W + 1
)

M2
W

)(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

)
−

2

cβ
(

12mdg4 sWδmdg
g4c4

WM2
W + ( 2 )M4

W

)
− 6

 sW (2 (δcβ) + (δZAG) sβ) M2
W +

cβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZGG) M2

W − δM2
W

))
 c4

Wm2
dg4

U
d̃g4
s4,1

114



2 =
(δZAG) s2βsWc2

W

(
2c2

W + 1
)
+ c2

β

(
c2

W

(
6 (δsW)− (2 (δZe) + δZGG) sW

(
2c2

W + 1
))
− 2 (δsW)

(
2c2

W + 1
)

s2
W

)
−(

c2
W

(
6 (δsW)− (2 (δZe) + δZGG) sW

(
2c2

W + 1
))
− (δsW)

(
6s2

W − 4s4
W

))
s2
β

1 =
−cβ

(
6mdg4 sWδmdg

g4c4
WM2

W +
(
(δZAG) s2βc2

W − c2β

(
2 (δsW) sW + (2 (δZe) + δZGG) c2

W

))
M4

Ws3
W

)
+

3c4
Wm2

dg4

(
sW (2 (δcβ) + (δZAG) sβ) M2

W + cβ
(

2 (δsW) M2
W − sW

(
(2 (δZe) + δZGG) M2

W − δM2
W

)))

C
299

(
A0, G0, d̃s3

g3, d̃s4,†
g4

)
=

[
−

ie2( 3 )δg3,g4

24c4
Wc2

βM4
Ws3

W

]

3 =

U
d̃g4∗
s3,1

(
( 2 )U

d̃g4
s4,1 − s2βsWc2

WM2
W

(
3c2

Wm2
dg4
−
(

2c2
W + 1

)
c2
βM2

W

)(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

))
+

U
d̃g4∗
s3,2

(
2( 1 )U

d̃g4
s4,2 − s2βsWc2

WM2
W

(
3c2

Wm2
dg4
− 2c2

βM2
Ws2

W

)(
δZ

d̃g4
1,s4U

d̃g4
1,2 + δZ

d̃g4
2,s4U

d̃g4
2,2

))
−

(
3c2

Wm2
dg4
−
(

2c2
W + 1

)
c2
βM2

W

)(
δZd̃g3

1,s3U
d̃g4∗
1,1 + δZd̃g3

2,s3U
d̃g4∗
2,1

)
U

d̃g4
s4,1 +(

3c2
Wm2

dg4
− 2c2

βM2
Ws2

W

)(
δZd̃g3

1,s3U
d̃g4∗
1,2 + δZd̃g3

2,s3U
d̃g4∗
2,2

)
U

d̃g4
s4,2

 s2βsWc2
WM2

W

2 =

6c4
Wm2

dg4

(
sW (δZAG + 4 (δcβ) sβ) M2

W +
s2β

2

(
4 (δsW) M2

W − sW

(
(4 (δZe) + δZAA + δZGG) M2

W − 2δM2
W

)))
−

sβ

24cβmdg4 sWδmdg
g4c4

WM2
W − 2

 2 (4 (δZe) + δZAA + δZGG) sWc4
W + 4 (δsW) s2

W +

c2
W

(
(4 (δZe) + δZAA + δZGG) sW − 4 (δsW)

(
3− 2s2

W

))
 c3

βM4
W



1 =
sβ
(

2
(

4 (δsW) sW + (4 (δZe) + δZAA + δZGG) c2
W

)
c3
βM4

Ws3
W − 12cβmdg4 sWδmdg

g4c4
WM2

W

)
+

3c4
Wm2

dg4

(
sW (δZAG + 4 (δcβ) sβ) M2

W +
s2β

2

(
4 (δsW) M2

W − sW

(
(4 (δZe) + δZAA + δZGG) M2

W − 2δM2
W

)))

C
302

(
h0, H0, ũs3

g3, ũs4,†
g4

)
=

[
−

ie2( 4 )δg3,g4

24c4
WM4

Ws3
Ws3

β

]

4 = s2αsβsWc2
WM2

W

 (
3c2

Wm2
ug4

+
(

1− 4c2
W

)
M2

Ws2
β

) (
δZũg3

1,s3U
ũg4∗
1,1 + δZũg3

2,s3U
ũg4∗
2,1

)
U

ũg4
s4,1 +(

3c2
Wm2

ug4
− 4M2

Ws2
Ws2

β

) (
δZũg3

1,s3U
ũg4∗
1,2 + δZũg3

2,s3U
ũg4∗
2,2

)
U

ũg4
s4,2

+ ( 3 )U
ũg4∗
s3,1 − ( 2 )U

ũg4∗
s3,2

3 =
s2αsWsβc2

WM2
W

(
3c2

Wm2
ug4

+
(

1− 4c2
W

)
M2

Ws2
β

) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
+(

3( 1 )mug4 c4
W + s2αM4

W

((
12 (δsW) + (4 (δZe) + δZhh + δZHH) sW

(
1− 4c2

W

))
c2

W + 4 (δsW)
(

1− 4c2
W

)
s2

W

)
s3
β

)
U

ũg4
s4,1
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2 =
−s2αsWsβc2

WM2
W

(
3c2

Wm2
ug4
− 4M2

Ws2
Ws2

β

) (
δZ

ũg4
1,s4U

ũg4
1,2 + δZ

ũg4
2,s4U

ũg4
2,2

)
−(

3( 1 )mug4 c4
W − 4s2α

(
4 (δsW) sW + (4 (δZe) + δZhh + δZHH) c2

W

)
M4

Ws3
Ws3

β

)
U

ũg4
s4,2

1 = 4s2αsβsWM2
Wδmug

g4 −mug4

sW


4 (δsβ) s2αM2

W + 2s2αδM2
W−

M2
W

(
(4 (δZe) + δZhh + δZHH) s2α + 2 (δZhH)

(
c2
α + s2

α

))
 sβ

+ 4s2αsβM2
W (δsW)



C
303

(
h0, H0, d̃s3

g3, d̃s4,†
g4

)
=

[
−

ie2( 4 )δg3,g4

24c4
Wc3

βM4
Ws3

W

]

4 = s2αcβsWc2
WM2

W

−

(

3c2
Wm2

dg4
−
(

2c2
W + 1

)
c2
βM2

W

)(
δZd̃g3

1,s3U
d̃g4∗
1,1 + δZd̃g3

2,s3U
d̃g4∗
2,1

)
U

d̃g4
s4,1 +(

3c2
Wm2

dg4
− 2c2

βM2
Ws2

W

)(
δZd̃g3

1,s3U
d̃g4∗
1,2 + δZd̃g3

2,s3U
d̃g4∗
2,2

)
U

d̃g4
s4,2


+ ( 3 )U

d̃g4∗
s3,1 + ( 2 )U

d̃g4∗
s3,2

3 =
−cβs2αsWc2

WM2
W

(
3c2

Wm2
dg4
−
(

2c2
W + 1

)
c2
βM2

W

)(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

)
−(

3( 1 )mdg4 c4
W + s2αc3

βM4
W

(
c2

W

(
12 (δsW)− (4 (δZe) + δZhh + δZHH) sW

(
2c2

W + 1
))
− 4 (δsW)

(
2c2

W + 1
)

s2
W

))
U

d̃g4
s4,1

2 =
−cβs2αsWc2

WM2
W

(
3c2

Wm2
dg4
− 2c2

βM2
Ws2

W

)(
δZ

d̃g4
1,s4U

d̃g4
1,2 + δZ

d̃g4
2,s4U

d̃g4
2,2

)
−(

3( 1 )mdg4 c4
W − 2s2α

(
4 (δsW) sW + (4 (δZe) + δZhh + δZHH) c2

W

)
c3
βM4

Ws3
W

)
U

d̃g4
s4,2

1 = 4s2αcβsWM2
Wδmdg
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δZũg3

1,s3Uũg3∗
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 2s2βδM2
W +

M2
W

(
8 (δsβ) cβ − (4 (δZe) + δZhh + δZH−H−) s2β − 2 (δZG−H−) s2

β

)
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

117



6 =

sβ

(
1
2
( 5 )s2βsWM2

W + ( 4 )Uũg3∗
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 −
√

2ie2

M4
Ws3

2βs3
W


( 6 )CKMg4,g3−
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−

(
( 2 )c3

β + ( 1 )s3
β

)
U
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ũg4
1,s4U
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W + (4 (δsβ)− (δZAG + δZH−G−) cβ − (4 (δZe) + δZGG + δZG−G−) sβ) M2
W

))

C
310

(
A0, G−, ũs3

g3, d̃s4,†
g4

)
=

 − e2
√

2M4
Ws2

2βs3
W


( 4 )CKM∗g3,g4−
(

1
2

M2
Ws2

2β − c2
βm2

ug3
−m2

dg4
s2
β

)
Uũg3∗

s3,1 U
d̃g4
s4,1−

mdg4 mug3Uũg3∗
s3,2 U

d̃g4
s4,2

 s2βsWM2
WδCKM∗g3,g4



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4 =

−( 3 )U
d̃g4
s4,2 +

Uũg3∗
s3,1

((
( 1 )c2

β + ( 2 )s2
β

)
U

d̃g4
s4,1 −

(
1
4

s2βsWM2
W

)(
M2

Ws2
2β − 2

(
c2
βm2

ug3
+ m2

dg4
s2
β

))(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

))
+

(
1
2

mdg4 mug3Uũg3∗
s3,2

)(
δZ

d̃g4
1,s4U

d̃g4
1,2 + δZ

d̃g4
2,s4U

d̃g4
2,2

)
−(

1
4

U
d̃g4
s4,1

)(
M2

Ws2
2β − 2

(
c2
βm2

ug3
+ m2

dg4
s2
β

)) (
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
 s2βsWM2

W

3 =

2cβ
(

mdg4

(
mug3 ((δsβ) sW + 2 (δsW) sβ)− sWsβδmug

g3

)
−mug3 sWsβδmdg

g4

)
M2

WUũg3∗
s3,2 +

(
s2βδM2

W + (2 (δcβ)− (4 (δZe) + δZAA + δZG−G−) cβ) sβM2
W

)
Uũg3∗

s3,2 −(
1
2

s2βM2
W

)(
δZũg3

1,s3Uũg3∗
1,2 + δZũg3

2,s3Uũg3∗
2,2

)
mdg4 mug3 sW

2 =
2mdg4 s2βsWδmdg

g4M2
W + (4 (δsW) s2β − ((4 (δZe) + δZAA + δZG−G−) s2β − (δZAG − δZH−G−) c2β) sW) c2

βM4
W−

m2
dg4

( s2β

2

(
4 (δsW) M2

W − sW

(
(4 (δZe) + δZAA + δZG−G−) M2

W − 2δM2
W

))
+ sWM2

W

(
4 (δcβ) sβ + (δZAG) c2

β + (δZH−G−) s2
β

))

1 = 2s2βsWmug3 M2
Wδmug

g3 −m2
ug3

 cβ
(

4 (δsW) sβM2
W + sW

(
4 (δsβ) M2

W − sβ
(
(4 (δZe) + δZAA + δZG−G−) M2

W − 2δM2
W

)))
−

sWM2
W

(
(δZH−G−) c2

β + (δZAG) s2
β

)


C
311

(
G0, H−, ũs3

g3, d̃s4,†
g4

)
=

[
e2( 5 )√

2M4
Ws2

2βs3
W

]

5 =


(

1
2

M2
Ws2

2β − c2
βm2

ug3
−m2

dg4
s2
β

)
Uũg3∗

s3,1 U
d̃g4
s4,1 +

mdg4 mug3Uũg3∗
s3,2 U

d̃g4
s4,2

 s2βsWδCKM∗g3,g4M2
W +

CKM∗g3,g4

( 3 )sW −


(
( 2 )c2

β + ( 1 )s2
β

)
U

d̃g4
s4,1−(

1
4

s2βsWM2
W

)(
M2

Ws2
2β − 2

(
c2
βm2

ug3
+ m2

dg4
s2
β

))(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

)
Uũg3∗

s3,1 − ( 4 )U
d̃g4
s4,2



4 =

2cβ
(

mdg4

(
mug3 ((δsβ) sW + 2 (δsW) sβ)− sWsβδmug

g3

)
−mug3 sWsβδmdg

g4

)
M2

WUũg3∗
s3,2 +

(
s2βδM2

W + (2 (δcβ)− (4 (δZe) + δZGG + δZH−H−) cβ) sβM2
W

)
Uũg3∗

s3,2 −(
1
2

s2βM2
W

)(
δZũg3

1,s3Uũg3∗
1,2 + δZũg3

2,s3Uũg3∗
2,2

)
mdg4 mug3 sW
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3 =

(
1
4

M4
Ws3

2βU
d̃g4
s4,1

)(
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
+

(
1
2

mdg4 mug3Uũg3∗
s3,2

)(
δZ

d̃g4
1,s4U

d̃g4
1,2 + δZ

d̃g4
2,s4U

d̃g4
2,2

)
−(

1
2

U
d̃g4
s4,1

)(
c2
βm2

ug3
+ m2

dg4
s2
β

) (
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
 s2βM2

W

2 = m2
ug3

 sWM2
W

(
(δZAG) c2

β + (δZG−H−) s2
β

)
−

cβ
(

4 (δsW) sβM2
W + sW

(
4 (δsβ) M2

W − sβ
(
(4 (δZe) + δZGG + δZH−H−) M2

W − 2δM2
W

)))
+ 2s2βsWmug3 M2

Wδmug
g3

1 =
2mdg4 s2βsWδmdg

g4M2
W + (4 (δsW) s2β − ((δZAG − δZG−H−) c2β + (4 (δZe) + δZGG + δZH−H−) s2β) sW) c2

βM4
W−

m2
dg4

( s2β

2

(
4 (δsW) M2

W − sW

(
(4 (δZe) + δZGG + δZH−H−) M2

W − 2δM2
W

))
+ sWM2

W

(
4 (δcβ) sβ + (δZG−H−) c2

β + (δZAG) s2
β

))

C
312

(
A0, H+, d̃s3

g3, ũs4,†
g4

)
=

 − √
2e2

M4
Ws3

2βs3
W

 ( 4 )CKMg4,g3 +

s2βsW
(
δCKMg4,g3

)
M2

W

(
1
4

c2βM2
Ws2

2β − c4
βm2

ug4
+ m2

dg3
s4
β

)
Ud̃g3∗

s3,1 U
ũg4
s4,1




4 =
( 1

2 s2βsWM2
W

)
(

1
2

mdg3 mug4 s2βUd̃g3∗
s3,2 U

ũg4
s4,2

)
(δZAG − δZH−G−) +(

1
4

c2βM2
Ws2

2β − c4
βm2

ug4
+ m2

dg3
s4
β

)(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)
U

ũg4
s4,1

+ ( 3 )Ud̃g3∗
s3,1

3 =
−
(

1
8

s2βsWM2
W

)(
4c4

βm2
ug4
− c2βM2

Ws2
2β − 4m2

dg3
s4
β

) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
−(

( 1 )c4
β −

(
( 2 )sβ −

(
c2β
(
4 (δsW)−

(
4 (δZe) + δZH−H− + δZAA

)
sW
)
− (δZAG + δZH−G−) s2βsW

)
c3
βM4

W

)
s3
β

)
U

ũg4
s4,1

2 = 2s2βsWmdg3 M2
Wδmdg

g3 −m2
dg3

 s2β

2

(
4 (δsW) M2

W − sW

((
4 (δZe) + δZH−H− + δZAA

)
M2

W − 2δM2
W

))
+

sW

(
4 (δcβ) sβ + (δZAG + δZH−G−) c2

β

)
M2

W



1 = 2s2βsWmug4 M2
Wδmug

g4 −m2
ug4

 cβ
(

4 (δsW) sβM2
W + sW

(
4 (δsβ) M2

W − sβ
((

4 (δZe) + δZH−H− + δZAA
)

M2
W − 2δM2

W

)))
−

(δZAG + δZH−G−) sWM2
Ws2

β



C
313

(
G0, G+, d̃s3

g3, ũs4,†
g4

)
=

[
e2

2
√

2s2βM4
Ws3

W

(
( 3 )CKMg4,g3 − s2βsW

(
δCKMg4,g3

)
M2

W

(
m2

dg3
−m2

ug4
− c2βM2

W

)
Ud̃g3∗

s3,1 U
ũg4
s4,1

) ]
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3 =

−Ud̃g3∗
s3,1

((
1
2

s2βsWM2
W

)(
m2

dg3
−m2

ug4
− c2βM2

W

) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
+ ( 2 )U

ũg4
s4,1

)
+ (δZAG − δZG−H−)mdg3 mug4Ud̃g3∗

s3,2 U
ũg4
s4,2−(

1
2

s2βU
ũg4
s4,1

)(
m2

dg3
−m2

ug4
− c2βM2

W

)(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)  sWM2
W

2 =
( 1 )cβ +

(
1
2

s2βM4
W

)(
(δZAG + δZG−H−) s2βsW + (4 (δsW)− (4 (δZe) + δZGG + δZG−G−) sW)

(
c2
β − s2

β

))
−

sWm2
dg3

(
s2βδM2

W +

(
1
2

M2
W

)(
− (4 (δZe) + δZGG + δZG−G−) s2β + 8 (δcβ) sβ + 2 (δZAG + δZG−H−) s2

β

))

1 =
−sβ

(
4mdg3

(
(δsW)mdg3 − sWδmdg

g3

)
+ 4mug4 sWδmug

g4

)
M2

W +

m2
ug4

(
4 (δsW) sβM2

W + sW

(
2sβδM2

W + (4 (δsβ)− (δZAG + δZG−H−) cβ − (4 (δZe) + δZGG + δZG−G−) sβ) M2
W

))

C
314

(
A0, G+, d̃s3

g3, ũs4,†
g4

)
=

 e2
√

2M4
Ws2

2βs3
W


( 4 )CKMg4,g3−
(

1
2

M2
Ws2

2β − c2
βm2

ug4
−m2

dg3
s2
β

)
Ud̃g3∗

s3,1 U
ũg4
s4,1−

mdg3 mug4Ud̃g3∗
s3,2 U

ũg4
s4,2

 s2βsW
(
δCKMg4,g3

)
M2

W




4 =

−( 3 )U
ũg4
s4,2 +

Ud̃g3∗
s3,1

((
( 1 )c2

β + ( 2 )s2
β

)
U

ũg4
s4,1 −

(
1
4

s2βsWM2
W

)(
M2

Ws2
2β − 2

(
c2
βm2

ug4
+ m2

dg3
s2
β

)) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

))
+

(
1
2

mdg3 mug4Ud̃g3∗
s3,2

)(
δZ

ũg4
1,s4U

ũg4
1,2 + δZ

ũg4
2,s4U

ũg4
2,2

)
−(

1
4

U
ũg4
s4,1

)(
M2

Ws2
2β − 2

(
c2
βm2

ug4
+ m2

dg3
s2
β

))(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)
 s2βsWM2

W

3 =

−2cβ
(

mug4 sWsβδmdg
g3 −mdg3

(
mug4 ((δsβ) sW + 2 (δsW) sβ)− sWsβδmug

g4

))
M2

WUd̃g3∗
s3,2 +

(
s2βδM2

W + (2 (δcβ)− (4 (δZe) + δZAA + δZG−G−) cβ) sβM2
W

)
Ud̃g3∗

s3,2 −(
1
2

s2βM2
W

)(
δZd̃g3

1,s3Ud̃g3∗
1,2 + δZd̃g3

2,s3Ud̃g3∗
2,2

)
mdg3 mug4 sW

2 =
2mdg3 s2βsWδmdg

g3M2
W + (4 (δsW) s2β − ((4 (δZe) + δZAA + δZG−G−) s2β − (δZAG − δZG−H−) c2β) sW) c2

βM4
W−

m2
dg3

( s2β

2

(
4 (δsW) M2

W − sW

(
(4 (δZe) + δZAA + δZG−G−) M2

W − 2δM2
W

))
+ sWM2

W

(
4 (δcβ) sβ + (δZAG) c2

β + (δZG−H−) s2
β

))

1 = 2s2βsWmug4 M2
Wδmug

g4 −m2
ug4

 cβ
(

4 (δsW) sβM2
W + sW

(
4 (δsβ) M2

W − sβ
(
(4 (δZe) + δZAA + δZG−G−) M2

W − 2δM2
W

)))
−

sWM2
W

(
(δZG−H−) c2

β + (δZAG) s2
β

)

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C
315

(
G0, H+, d̃s3

g3, ũs4,†
g4

)
=

[
− e2( 5 )√

2M4
Ws2

2βs3
W

]

5 =


(

1
2

M2
Ws2

2β − c2
βm2

ug4
−m2

dg3
s2
β

)
Ud̃g3∗

s3,1 U
ũg4
s4,1 +

mdg3 mug4Ud̃g3∗
s3,2 U

ũg4
s4,2

(δCKMg4,g3
)

s2βsWM2
W +

CKMg4,g3

( 3 )sW −


(
( 2 )c2

β + ( 1 )s2
β

)
U

ũg4
s4,1−(

1
4

s2βsWM2
W

)(
M2

Ws2
2β − 2

(
c2
βm2

ug4
+ m2

dg3
s2
β

)) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
Ud̃g3∗

s3,1 − ( 4 )U
ũg4
s4,2



4 =

−2cβ
(

mug4 sWsβδmdg
g3 −mdg3

(
mug4 ((δsβ) sW + 2 (δsW) sβ)− sWsβδmug

g4

))
M2

WUd̃g3∗
s3,2 +

(
s2βδM2

W +
(
2 (δcβ)−

(
4 (δZe) + δZH−H− + δZGG

)
cβ
)

sβM2
W

)
Ud̃g3∗

s3,2 −(
1
2

s2βM2
W

)(
δZd̃g3

1,s3Ud̃g3∗
1,2 + δZd̃g3

2,s3Ud̃g3∗
2,2

)
mdg3 mug4 sW

3 =

(
1
4

M4
Ws3

2βU
ũg4
s4,1

)(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)
+

(
1
2

mdg3 mug4Ud̃g3∗
s3,2

)(
δZ

ũg4
1,s4U

ũg4
1,2 + δZ

ũg4
2,s4U

ũg4
2,2

)
−(

1
2

U
ũg4
s4,1

)(
c2
βm2

ug4
+ m2

dg3
s2
β

)(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)
 s2βM2

W

2 = 2s2βsWmug4 M2
Wδmug

g4 −m2
ug4

 cβ
(

4 (δsW) sβM2
W + sW

(
4 (δsβ) M2

W − sβ
((

4 (δZe) + δZH−H− + δZGG
)

M2
W − 2δM2

W

)))
−

sWM2
W

(
(δZAG) c2

β + (δZH−G−) s2
β

)


1 =
2mdg3 s2βsWδmdg

g3M2
W +

(
4 (δsW) s2β −

(
(δZAG − δZH−G−) c2β +

(
4 (δZe) + δZH−H− + δZGG

)
s2β
)

sW
)

c2
βM4

W−

m2
dg3

( s2β

2

(
4 (δsW) M2

W − sW

((
4 (δZe) + δZH−H− + δZGG

)
M2

W − 2δM2
W

))
+ sWM2

W

(
4 (δcβ) sβ + (δZH−G−) c2

β + (δZAG) s2
β

))

C
328

(
H0, H−, ũs3

g3, d̃s4,†
g4

)
=

 −
√

2ie2

M4
Ws3

2βs3
W


( 6 )CKM∗g3,g4 +(

1
4

s2βsWM2
WδCKM∗g3,g4

) (
sα+βM2

Ws2
2β − 4

(
sαc3

βm2
ug3

+ cαm2
dg4

s3
β

))
Uũg3∗

s3,1 U
d̃g4
s4,1−

2cβ-αmdg4 mug3 s2βUũg3∗
s3,2 U

d̃g4
s4,2





6 =

s2β

2

(
( 5 )sWM2

W − ( 4 )Uũg3∗
s3,2

)
−

(
( 2 )c3

β + ( 1 )s3
β

)
U

d̃g4
s4,1−(

1
8

s2βsWM2
W

)(
sα+βM2

Ws2
2β − 4

(
sαc3

βm2
ug3

+ cαm2
dg4

s3
β

))(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

)
Uũg3∗

s3,1
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5 =

(
1
4

U
d̃g4
s4,1

)(
sα+βM2

Ws2
2β − 4

(
sαc3

βm2
ug3

+ cαm2
dg4

s3
β

)) (
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
−(

1
2

cβ-αmdg4 mug3 s2βU
d̃g4
s4,2

)(
δZũg3

1,s3Uũg3∗
1,2 + δZũg3

2,s3Uũg3∗
2,2

)

4 =

(
1
2

cβ-αmdg4 mug3 s2βsWM2
W

)(
δZ

d̃g4
1,s4U

d̃g4
1,2 + δZ

d̃g4
2,s4U

d̃g4
2,2

)
−((

1
2

mdg4

)(
( 3 )mug3 − 2cβ-αs2βsWδmug

g3M2
W

)
− cβ-αmug3 s2βsWδmdg

g4M2
W

)
U

d̃g4
s4,2

3 =
− (δZhH + δZG−H−) s2βsWsβ-αM2

W +

cβ-α

(
4 (δsW) s2βM2

W + sW

(
2s2βδM2

W + (4 ((δsβ) cβ + (δcβ) sβ)− (4 (δZe) + δZHH + δZH−H−) s2β) M2
W

))

2 = m2
ug3


(δZG−H−) sWsαM2

Ws2
β−

4 (δsW) sαsβM2
W + 4 (δsβ) sαM2
W−

sβ
(
((δZhH) cα + (4 (δZe) + δZHH + δZH−H−) sα) M2

W − 2sαδM2
W

)
 sW

 cβ

+ 2s2βsαsWmug3 M2
Wδmug

g3

1 =

2cαmdg4 s2βsWδmdg
g4M2

W + (4 (δsW) sα+β − sW ((δZhH − δZG−H−) cα+β + (4 (δZe) + δZHH + δZH−H−) sα+β)) c3
βM4

W−1
2

s2βsWsα (δZhH) M2
W +

 sW

(
4 (δcβ) sβ + (δZG−H−) c2

β

)
M2

W +
s2β

2

(
4 (δsW) M2

W − sW

(
(4 (δZe) + δZHH + δZH−H−) M2

W − 2δM2
W

))
 cα

m2
dg4

C
329

(
H0, G−, ũs3

g3, d̃s4,†
g4

)
=


√

2ie2

M4
Ws3

2βs3
W


( 6 )CKM∗g3,g4−(

1
2

sWM2
Ws2

2βδCKM∗g3,g4

) (
cαsβm2

dg4
− cβ

(
sαm2

ug3
+ cα+βsβM2

W

))
Uũg3∗

s3,1 U
d̃g4
s4,1−

mdg4 mug3 sβ-αUũg3∗
s3,2 U

d̃g4
s4,2





6 =

s2β

2

(
1
2
( 5 )s2βsWM2

W + ( 4 )Uũg3∗
s3,2

)
+ s2β

(
1
2
( 1 )mug3 c2

β − ( 2 )s2
β

)
U

d̃g4
s4,1−(

1
8

sWM2
Ws2

2β

)(
2cαsβm2

dg4
− 2cβsαm2

ug3
− cα+βs2βM2

W

)(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

)
Uũg3∗

s3,1

5 =
−
(

cαsβm2
dg4
− cβ

(
sαm2

ug3
+ cα+βsβM2

W

)) (
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
U

d̃g4
s4,1 +

mdg4 mug3 sβ-α

(
δZũg3

1,s3Uũg3∗
1,2 + δZũg3

2,s3Uũg3∗
2,2

)
U

d̃g4
s4,2
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4 =

(
1
2

mdg4 mug3 s2βsWsβ-αM2
W

)(
δZ

d̃g4
1,s4U

d̃g4
1,2 + δZ

d̃g4
2,s4U

d̃g4
2,2

)
−(

mdg4

(
( 3 )mug3 − s2βsWsβ-αδmug

g3M2
W

)
−mug3 s2βsWsβ-αδmdg

g4M2
W

)
U

d̃g4
s4,2

3 = cβ


4 (δsW) sβsβ-αM2

W +
2 (δsβ) sβ-αM2

W + 2sβ-αδM2
W−

((4 (δZe) + δZHH + δZG−G−) sβ-α − (δZhH − δZH−G−) cβ-α) M2
W

 sβ

 sW

+ 2sβsβ-αsWM2
W (δcβ)

2 =

(
1
2

c2
βM4

W

) cα+β (4 (δsW)− (4 (δZe) + δZHH + δZG−G−) sW) +

(δZhH + δZH−G−) sWsα+β

+ 2cαcβmdg4 sWδmdg
g4M2

W−

(
1
2

m2
dg4

) cβ
(

4 (δsW) M2
W − sW

(
(4 (δZe) + δZHH + δZG−G−) M2

W − 2δM2
W

))
+

sW (4 (δcβ) + (δZH−G−) sβ) M2
W

 cα + (δZhH) cβsWsαM2
W



1 = 4sαsβsWM2
Wδmug

g3 −mug3

sW


sα
(

2sβδM2
W + 4 (δsβ) M2

W

)
− ((δZhH) cα + (4 (δZe) + δZHH + δZG−G−) sα) sβ +

(δZH−G−) cβsα

M2
W

+ 4sαsβM2
W (δsW)



C
330

(
H0, H+, d̃s3

g3, ũs4,†
g4

)
=

 −
√

2ie2

M4
Ws3

2βs3
W


( 6 )CKMg4,g3 +(

1
4

s2βsW
(
δCKMg4,g3

)
M2

W

) (
sα+βM2

Ws2
2β − 4

(
sαc3

βm2
ug4

+ cαm2
dg3

s3
β

))
Ud̃g3∗

s3,1 U
ũg4
s4,1−

2cβ-αmdg3 mug4 s2βUd̃g3∗
s3,2 U

ũg4
s4,2





6 =

s2β

2

(
( 5 )sWM2

W − ( 4 )Ud̃g3∗
s3,2

)
−

(
( 1 )c3

β + ( 2 )s3
β

)
U

ũg4
s4,1−(

1
8

s2βsWM2
W

)(
sα+βM2

Ws2
2β − 4

(
sαc3

βm2
ug4

+ cαm2
dg3

s3
β

)) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
Ud̃g3∗

s3,1

5 =

(
1
4

U
ũg4
s4,1

)(
sα+βM2

Ws2
2β − 4

(
sαc3

βm2
ug4

+ cαm2
dg3

s3
β

))(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)
−(

1
2

cβ-αmdg3 mug4 s2βU
ũg4
s4,2

)(
δZd̃g3

1,s3Ud̃g3∗
1,2 + δZd̃g3

2,s3Ud̃g3∗
2,2

)
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4 =

(
1
2

cβ-αmdg3 mug4 s2βsWM2
W

)(
δZ

ũg4
1,s4U

ũg4
1,2 + δZ

ũg4
2,s4U

ũg4
2,2

)
+(

cβ-αmug4 s2βsWδmdg
g3M2

W −
(

1
2

mdg3

)(
( 3 )mug4 − 2cβ-αs2βsWδmug

g4M2
W

))
U

ũg4
s4,2

3 =
cβ-α

(
4 (δsW) s2βM2

W + sW

(
2s2βδM2

W +
(
4 ((δsβ) cβ + (δcβ) sβ)−

(
4 (δZe) + δZH−H− + δZHH

)
s2β
)

M2
W

))
−

(δZhH + δZH−G−) s2βsWsβ-αM2
W

2 =

2cαmdg3 s2βsWδmdg
g3M2

W +
(
4 (δsW) sα+β − sW

(
(δZhH − δZH−G−) cα+β +

(
4 (δZe) + δZH−H− + δZHH

)
sα+β

))
c3
βM4

W−1
2

s2βsWsα (δZhH) M2
W +

 s2β

2

(
4 (δsW) M2

W − sW

((
4 (δZe) + δZH−H− + δZHH

)
M2

W − 2δM2
W

))
+

sW

(
4 (δcβ) sβ + (δZH−G−) c2

β

)
M2

W

 cα

m2
dg3

1 = m2
ug4


(δZH−G−) sWsαM2

Ws2
β−

4 (δsW) sαsβM2
W + 4 (δsβ) sαM2
W−

sβ
((

(δZhH) cα +
(
4 (δZe) + δZH−H− + δZHH

)
sα
)

M2
W − 2sαδM2

W

)
 sW

 cβ

+ 2s2βsαsWmug4 M2
Wδmug

g4

C
331

(
H0, G+, d̃s3

g3, ũs4,†
g4

)
=


√

2ie2

M4
Ws3

2βs3
W


( 6 )CKMg4,g3−(

1
2

sW
(
δCKMg4,g3

)
M2

Ws2
2β

) (
cαsβm2

dg3
− cβ

(
sαm2

ug4
+ cα+βsβM2

W

))
Ud̃g3∗

s3,1 U
ũg4
s4,1−

mdg3 mug4 sβ-αUd̃g3∗
s3,2 U

ũg4
s4,2





6 =

s2β

2

(
1
2
( 5 )s2βsWM2

W + ( 4 )Ud̃g3∗
s3,2

)
+ s2β

(
1
2
( 1 )mug4 c2

β − ( 2 )s2
β

)
U

ũg4
s4,1−(

1
8

sWM2
Ws2

2β

)(
2cαsβm2

dg3
− 2cβsαm2

ug4
− cα+βs2βM2

W

) (
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
Ud̃g3∗

s3,1

5 =
−
(

cαsβm2
dg3
− cβ

(
sαm2

ug4
+ cα+βsβM2

W

))(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)
U

ũg4
s4,1 +

mdg3 mug4 sβ-α

(
δZd̃g3

1,s3Ud̃g3∗
1,2 + δZd̃g3

2,s3Ud̃g3∗
2,2

)
U

ũg4
s4,2

4 =

(
1
2

mdg3 mug4 s2βsWsβ-αM2
W

)(
δZ

ũg4
1,s4U

ũg4
1,2 + δZ

ũg4
2,s4U

ũg4
2,2

)
+(

mug4 s2βsWsβ-αδmdg
g3M2

W −mdg3

(
( 3 )mug4 − s2βsWsβ-αδmug

g4M2
W

))
U

ũg4
s4,2128



3 = cβ


4 (δsW) sβsβ-αM2

W +
2 (δsβ) sβ-αM2

W + 2sβ-αδM2
W−

((4 (δZe) + δZHH + δZG−G−) sβ-α − (δZhH − δZG−H−) cβ-α) M2
W

 sβ

 sW

+ 2sβsβ-αsWM2
W (δcβ)

2 =

(
1
2

c2
βM4

W

) cα+β (4 (δsW)− (4 (δZe) + δZHH + δZG−G−) sW) +

(δZhH + δZG−H−) sWsα+β

+ 2cαcβmdg3 sWδmdg
g3M2

W−

(
1
2

m2
dg3

) cβ
(

4 (δsW) M2
W − sW

(
(4 (δZe) + δZHH + δZG−G−) M2

W − 2δM2
W

))
+

sW (4 (δcβ) + (δZG−H−) sβ) M2
W

 cα + (δZhH) cβsWsαM2
W



1 = 4sαsβsWM2
Wδmug

g4 −mug4

sW


sα
(

2sβδM2
W + 4 (δsβ) M2

W

)
− ((δZhH) cα + (4 (δZe) + δZHH + δZG−G−) sα) sβ +

(δZG−H−) cβsα

M2
W

+ 4sαsβM2
W (δsW)



C
344

(
H−, H+, ũs3

g3, ũs4,†
g4

)
=

[
− ie2( 9 )

3c4
WM4

Ws3
2βs3

W

]

9 =

( 6 )s3
βUũg3∗

s3,1 + ( 8 )sWsβc2
WM2

W−

2δg3,g4c2
βUũg3∗

s3,2

(
( 7 )U

ũg4
s4,2 − sWsβc2

WM2
W

(
3c2

Wc2
βm2

ug3
− 2c2βM2

Ws2
Ws2

β

) (
δZ

ũg4
1,s4U

ũg4
1,2 + δZ

ũg4
2,s4U

ũg4
2,2

))
 cβ

8 =

 δg3,g4c2β

(
2c2

W + 1
)

c2
βM2

W +

6c2
W

(
CKMg4,1CKM∗g3,1m2

d1
+ CKMg4,2CKM∗g3,2m2

d2
+ CKMg4,3CKM∗g3,3m2

d3

)
s2
β

 s2
β

(
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
U

ũg4
s4,1 +

δg3,g4

(
6c2

Wc4
βm2

ug3
− c2βM2

Ws2
2βs2

W

) (
δZũg3

1,s3Uũg3∗
1,2 + δZũg3

2,s3Uũg3∗
2,2

)
U

ũg4
s4,2

7 =

2

 (δZG−H− + δZH−G−) s2βc2
W +

c2β

(
4 (δsW) sW +

(
4 (δZe) + δZH−H− + δZH−H−

)
c2

W

)
M4

Ws3
Ws3

β−

3cβmug3 c4
W

 (δZG−H− + δZH−G−) sWM2
Ws2

β−

cβ
(

4 (δsW) sβM2
W + sW

(
4 (δsβ) M2

W − sβ
((

4 (δZe) + δZH−H− + δZH−H−
)

M2
W − 2δM2

W

)))
mug3 + 2s2βsWδmug

g3M2
W


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6 = sWc2
WM2

W

(
U

ũg4
2,1 δZ

ũg4
2,s4 + U

ũg4
1,1 δZ

ũg4
1,s4

) δg3,g4c2β

(
2c2

W + 1
)

c3
βM2

W +

3s2βsβc2
W

(
CKMg4,1CKM∗g3,1m2

d1
+ CKMg4,2CKM∗g3,2m2

d2
+ CKMg4,3CKM∗g3,3m2

d3

)
+ ( 5 )U

ũg4
s4,1

5 = 6sβc4
W


( 4 )CKMg4,1md1 + ( 3 )sWm2

d3
+ ( 2 )M2

W + (
δCKMg4,1

)
sWCKM∗g3,1m2

d1
M2

W +

CKMg4,2md2 CKM∗g3,2

(
2sWδmdg

2 M2
W −md2

(
sWδM2

W + 2 (δsW) M2
W

))
 s2β

+ c3
βM4

W( 1 )δg3,g4

4 = CKM∗g3,1


2s2βsWδmdg

1 M2
W− sW

(
4 (δcβ) sβ + (δZG−H− + δZH−G−) c2

β

)
M2

W +
s2β

2

(
4 (δsW) M2

W − sW

((
4 (δZe) + δZH−H− + δZH−H−

)
M2

W − 2δM2
W

))
md1

+ s2βsWmd1 M2
WδCKM∗g3,1

3 =
−CKMg4,3 (δZG−H− + δZH−G−)CKM∗g3,3c2

βM2
W +

sβ
(

2
(
δCKMg4,3

)
cβCKM∗g3,3 M2

W + CKMg4,3

(
2cβδCKM∗g3,3 M2

W −CKM∗g3,3

(
4 (δcβ) M2

W − cβ
((

4 (δZe) + δZH−H− + δZH−H−
)

M2
W − 2δM2

W

))))

2 =

−2CKMg4,3md3 s2βCKM∗g3,3

(
(δsW)md3 − sWδmdg

3

)
+

sW

(δCKMg4,2
)

s2βCKM∗g3,2 +

(
1
2

CKMg4,2

)2s2βδCKM∗g3,2 −

 8 (δcβ) sβ + 2 (δZG−H− + δZH−G−) c2
β−(

4 (δZe) + δZH−H− + δZH−H−
)

s2β

CKM∗g3,2

m2
d2

1 = s2βsWc2
W

(
2c2

W + 1
)
(δZG−H− + δZH−G−)− c2β

 (
8 (δsW)− 2

(
4 (δZe) + δZH−H− + δZH−H−

)
sW
)

c4
W − 4 (δsW) s2

W +(
4 (δsW)−

(
4 (δZe) + δZH−H− + δZH−H−

)
sW
)

c2
W



C
345

(
G−, G+, ũs3

g3, ũs4,†
g4

)
=


ie2

12s2βc4
WM4

Ws3
W


( 6 )sβUũg3∗

s3,1 +
( 8 )sWsβc2

WM2
W +

2

 ( 7 )U
ũg4
s4,2−

sWsβc2
WM2

W

(
3c2

Wm2
ug3

+ 2c2βM2
Ws2

W

) (
U

ũg4
1,2 δZ

ũg4
1,s4 + U

ũg4
2,2 δZ

ũg4
2,s4

)
 δg3,g4Uũg3∗

s3,2

 cβ





8 =
−

 6c2
W

(
CKMg4,1CKM∗g3,1m2

d1
+ CKMg4,2CKM∗g3,2m2

d2
+ CKMg4,3CKM∗g3,3m2

d3

)
−

δg3,g4c2β

(
2c2

W + 1
)

M2
W

(δZũg3
1,s3Uũg3∗

1,1 + δZũg3
2,s3Uũg3∗

2,1

)
U

ũg4
s4,1−

2δg3,g4

(
3c2

Wm2
ug3

+ 2c2βM2
Ws2

W

) (
δZũg3

1,s3Uũg3∗
1,2 + δZũg3

2,s3Uũg3∗
2,2

)
U

ũg4
s4,2
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7 =
sβ
(

2
(
(δZG−H− + δZH−G−) s2βc2

W − 2c2β

(
2 (δsW) sW + (2 (δZe) + δZG−G−) c2

W

))
M4

Ws3
W − 12mug3 sWδmug

g3c4
WM2

W

)
+

3c4
Wm2

ug3

(
4 (δsW) sβM2

W + sW

(
2sβδM2

W + (4 (δsβ)− (δZG−H− + δZH−G−) cβ − 2 (2 (δZe) + δZG−G−) sβ) M2
W

))

6 = cβsWc2
WM2

W

(
U

ũg4
2,1 δZ

ũg4
2,s4 + U

ũg4
1,1 δZ

ũg4
1,s4

)−
 6c2

W

(
CKMg4,1CKM∗g3,1m2

d1
+ CKMg4,2CKM∗g3,2m2

d2
+ CKMg4,3CKM∗g3,3m2

d3

)
−

δg3,g4c2β

(
2c2

W + 1
)

M2
W

− 2( 5 )U
ũg4
s4,1

5 = 3c4
W


( 4 )CKMg4,1md1 − ( 2 )sWm2

d3
+ ( 3 )M2

W +

2

 (
δCKMg4,1

)
sWCKM∗g3,1m2

d1
M2

W +

CKMg4,2md2 CKM∗g3,2

(
2sWδmdg

2 M2
W −md2

(
sWδM2

W + 2 (δsW) M2
W

))
 cβ

+ cβM4
W( 1 )δg3,g4

4 = CKM∗g3,1

4cβsWM2
Wδmdg

1 −md1

 cβ
(

4 (δsW) M2
W − 2sW

(
(2 (δZe) + δZG−G−) M2

W − δM2
W

))
+

sW (4 (δcβ) + (δZG−H− + δZH−G−) sβ) M2
W

+ 2cβsWmd1 M2
WδCKM∗g3,1

3 =
cβ
(

2
(
δCKMg4,2

)
sWCKM∗g3,2m2

d2
− 4CKMg4,3md3 CKM∗g3,3

(
(δsW)md3 − sWδmdg

3

))
−

CKMg4,2sW

(
(4 (δcβ)− 2 (2 (δZe) + δZG−G−) cβ + (δZG−H− + δZH−G−) sβ)CKM∗g3,2 − 2cβδCKM∗g3,2

)
m2

d2

2 =
−CKMg4,3

(
2cβδCKM∗g3,3 M2

W + CKM∗g3,3

(
4 ((δZe) cβ − δcβ) M2

W − 2cβδM2
W

))
−(

2
(
δCKMg4,3

)
cβ + CKMg4,3 (2 (δZG−G−) cβ − (δZG−H− + δZH−G−) sβ)

)
CKM∗g3,3 M2

W

1 = c2β

 (4 (δsW)− 2 (2 (δZe) + δZG−G−) sW) c4
W − 2 (δsW) s2

W +

(2 (δsW)− (2 (δZe) + δZG−G−) sW) c2
W

+
(
2c2

W + 1
) ( 1

2 s2βsWc2
W

)
(δZG−H− + δZH−G−)

C
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(
H−, G+, ũs3

g3, ũs4,†
g4

)
=

[
− ie2( 8 )

3c4
WM4

Ws2
2βs3

W

]

8 = cβ


( 7 )sWsβc2

WM2
W−(

1
2
δg3,g4cβUũg3∗

s3,2

) ( 6 )U
ũg4
s4,2−

s2βsWc2
WM2

W

(
3c2

Wm2
ug3
− 4M2

Ws2
Ws2

β

) (
δZ

ũg4
1,s4U

ũg4
1,2 + δZ

ũg4
2,s4U

ũg4
2,2

)

+ s2

β( 5 )Uũg3∗
s3,1

7 =
−

 3c2
W

(
CKMg4,1CKM∗g3,1m2

d1
+ CKMg4,2CKM∗g3,2m2

d2
+ CKMg4,3CKM∗g3,3m2

d3

)
−

δg3,g4

(
2c2

W + 1
)

c2
βM2

W

 s2
β

(
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
U

ũg4
s4,1 +

δg3,g4

(
3c2

Wc2
βm2

ug3
−M2

Ws2
2βs2

W

) (
δZũg3

1,s3Uũg3∗
1,2 + δZũg3

2,s3Uũg3∗
2,2

)
U

ũg4
s4,2 131



6 =
s2β

(
4
(

4 (δsW) sW + (4 (δZe) + δZG−G− + δZH−H−) c2
W

)
M4

Ws3
Ws2

β − 12mug3 sWδmug
g3c4

WM2
W

)
+

3c4
Wm2

ug3

(
4 (δsW) s2βM2

W + sW

(
2s2βδM2

W + (−2 (δZG−H−) + 8 (δsβ) cβ − (4 (δZe) + δZG−G− + δZH−H−) s2β) M2
W

))

5 = ( 4 )U
ũg4
s4,1 −

( 1
2 s2βsWc2

WM2
W

) (
U

ũg4
2,1 δZ

ũg4
2,s4 + U

ũg4
1,1 δZ

ũg4
1,s4

) 3c2
W

(
CKMg4,1CKM∗g3,1m2

d1
+ CKMg4,2CKM∗g3,2m2

d2
+ CKMg4,3CKM∗g3,3m2

d3

)
−

δg3,g4

(
2c2

W + 1
)

c2
βM2

W



4 =

−3c4
W

( 3 )CKMg4,1md1 +

 (
δCKMg4,1

)
sWCKM∗g3,1m2

d1
M2

W +

CKMg4,2md2 CKM∗g3,2

(
2sWδmdg

2 M2
W −md2

(
sWδM2

W + 2 (δsW) M2
W

))
 s2β + ( 2 )sWm2

d3
+ ( 1 )M2

W

 −
(

1
2
δg3,g4s2βc2

βM4
W

) (8 (δsW)− 2 (4 (δZe) + δZG−G− + δZH−H−) sW) c4
W − 4 (δsW) s2

W +

(4 (δsW)− (4 (δZe) + δZG−G− + δZH−H−) sW) c2
W



3 = CKM∗g3,1


2s2βsWδmdg

1 M2
W− sW (δZG−H− + 4 (δcβ) sβ) M2

W +
s2β

2

(
4 (δsW) M2

W − sW

(
(4 (δZe) + δZG−G− + δZH−H−) M2

W − 2δM2
W

))
md1

+ s2βsWmd1 M2
WδCKM∗g3,1

2 =
( 1

2 CKMg4,3
) 2s2βδCKM∗g3,3 M2

W−

CKM∗g3,3

(
2s2βδM2

W + (2 (δZG−H−)− (4 (δZe) + δZG−G− + δZH−H−) s2β + 8 (δcβ) sβ) M2
W

)
+ s2βM2

WCKM∗g3,3
(
δCKMg4,3

)

1 =
s2β

((
δCKMg4,2

)
sWCKM∗g3,2m2

d2
− 2CKMg4,3md3 CKM∗g3,3

(
(δsW)md3 − sWδmdg

3

))
−(

1
2

CKMg4,2sWm2
d2

)(
(2 (δZG−H−)− (4 (δZe) + δZG−G− + δZH−H−) s2β + 8 (δcβ) sβ)CKM∗g3,2 − 2s2βδCKM∗g3,2

)

C
347

(
G−, H+, ũs3

g3, ũs4,†
g4

)
=

[
− ie2( 8 )

3c4
WM4

Ws2
2βs3

W

]

8 = cβ


( 7 )sWsβc2

WM2
W−(

1
2
δg3,g4cβUũg3∗

s3,2

) ( 6 )U
ũg4
s4,2−

s2βsWc2
WM2

W

(
3c2

Wm2
ug3
− 4M2

Ws2
Ws2

β

) (
δZ

ũg4
1,s4U

ũg4
1,2 + δZ

ũg4
2,s4U

ũg4
2,2

)

+ s2

β( 5 )Uũg3∗
s3,1

7 =
−

 3c2
W

(
CKMg4,1CKM∗g3,1m2

d1
+ CKMg4,2CKM∗g3,2m2

d2
+ CKMg4,3CKM∗g3,3m2

d3

)
−

δg3,g4

(
2c2

W + 1
)

c2
βM2

W

 s2
β

(
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
U

ũg4
s4,1 +

δg3,g4

(
3c2

Wc2
βm2

ug3
−M2

Ws2
2βs2

W

) (
δZũg3

1,s3Uũg3∗
1,2 + δZũg3

2,s3Uũg3∗
2,2

)
U

ũg4
s4,2132



6 =
s2β

(
4
(

4 (δsW) sW +
(
4 (δZe) + δZH−H− + δZG−G−

)
c2

W

)
M4

Ws3
Ws2

β − 12mug3 sWδmug
g3c4

WM2
W

)
+

3c4
Wm2

ug3

(
4 (δsW) s2βM2

W + sW

(
2s2βδM2

W +
(
−2 (δZH−G−) + 8 (δsβ) cβ −

(
4 (δZe) + δZH−H− + δZG−G−

)
s2β
)

M2
W

))

5 = ( 4 )U
ũg4
s4,1 −

( 1
2 s2βsWc2

WM2
W

) (
U

ũg4
2,1 δZ

ũg4
2,s4 + U

ũg4
1,1 δZ

ũg4
1,s4

) 3c2
W

(
CKMg4,1CKM∗g3,1m2

d1
+ CKMg4,2CKM∗g3,2m2

d2
+ CKMg4,3CKM∗g3,3m2

d3

)
−

δg3,g4

(
2c2

W + 1
)

c2
βM2

W



4 =

−3c4
W

( 2 )CKMg4,1md1 +

 (
δCKMg4,1

)
sWCKM∗g3,1m2

d1
M2

W +

CKMg4,2md2 CKM∗g3,2

(
2sWδmdg

2 M2
W −md2

(
sWδM2

W + 2 (δsW) M2
W

))
 s2β + ( 3 )sWm2

d3
+ ( 1 )M2

W

 −
(

1
2
δg3,g4s2βc2

βM4
W

) (
8 (δsW)− 2

(
4 (δZe) + δZH−H− + δZG−G−

)
sW
)

c4
W − 4 (δsW) s2

W +(
4 (δsW)−

(
4 (δZe) + δZH−H− + δZG−G−

)
sW
)

c2
W



3 =
( 1

2 CKMg4,3
) 2s2βδCKM∗g3,3 M2

W−

CKM∗g3,3

(
2s2βδM2

W +
(
2 (δZH−G−)−

(
4 (δZe) + δZH−H− + δZG−G−

)
s2β + 8 (δcβ) sβ

)
M2

W

)
+ s2βM2

WCKM∗g3,3
(
δCKMg4,3

)

2 = CKM∗g3,1


2s2βsWδmdg

1 M2
W− s2β

2

(
4 (δsW) M2

W − sW

((
4 (δZe) + δZH−H− + δZG−G−

)
M2

W − 2δM2
W

))
+

sW (δZH−G− + 4 (δcβ) sβ) M2
W

md1

+ s2βsWmd1 M2
WδCKM∗g3,1

1 =
s2β

((
δCKMg4,2

)
sWCKM∗g3,2m2

d2
− 2CKMg4,3md3 CKM∗g3,3

(
(δsW)md3 − sWδmdg

3

))
−(

1
2

CKMg4,2sWm2
d2

)((
2 (δZH−G−)−

(
4 (δZe) + δZH−H− + δZG−G−

)
s2β + 8 (δcβ) sβ

)
CKM∗g3,2 − 2s2βδCKM∗g3,2

)

C
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(
H−, H+, d̃s3

g3, d̃s4,†
g4

)
=

[
− ie2( 9 )

3c4
WM4

Ws3
2βs3

W

]

9 =

( 6 )c3
βUd̃g3∗

s3,1 + ( 8 )cβsWc2
WM2

W +

2δg3,g4s2
βUd̃g3∗

s3,2

(
cβsWc2

WM2
W

(
c2βc2

βM2
Ws2

W + 3c2
Wm2

dg3
s2
β

)(
δZ

d̃g4
1,s4U

d̃g4
1,2 + δZ

d̃g4
2,s4U

d̃g4
2,2

)
+ ( 7 )U

d̃g4
s4,2

)  sβ
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8 =

 6c2
Wc2

β

(
CKM1,g3CKM∗1,g4m2

u1
+ CKM2,g3CKM∗2,g4m2

u2
+ CKM3,g3CKM∗3,g4m2

u3

)
+

δg3,g4c2β

(
1− 4c2

W

)
M2

Ws2
β

 c2
β

(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)
U

d̃g4
s4,1 +(

1
2
δg3,g4U

d̃g4
s4,2

)(
c2βM2

Ws2
2βs2

W + 12c2
Wm2

dg3
s4
β

)(
δZd̃g3

1,s3Ud̃g3∗
1,2 + δZd̃g3

2,s3Ud̃g3∗
2,2

)

7 =

(
(δZG−H− + δZH−G−) s2βc2

W + c2β

(
4 (δsW) sW +

(
4 (δZe) + δZH−H− + δZH−H−

)
c2

W

))
c3
βM4

Ws3
W +

3mdg3 sβc4
W

2s2βsWδmdg
g3M2

W −

 sW

(
4 (δcβ) sβ + (δZG−H− + δZH−G−) c2

β

)
M2

W +
s2β

2

(
4 (δsW) M2

W − sW

((
4 (δZe) + δZH−H− + δZH−H−

)
M2

W − 2δM2
W

))
mdg3



6 =

(
6( 5 )cβc4

W + ( 1 )δg3,g4M4
Ws3

β

)
U

d̃g4
s4,1 + 6c2

Wc2
β

(
CKM1,g3CKM∗1,g4m2

u1
+ CKM2,g3CKM∗2,g4m2

u2
+ CKM3,g3CKM∗3,g4m2

u3

)
+

δg3,g4c2β

(
1− 4c2

W

)
M2

Ws2
β

 sWsβc2
WM2

W

(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

)

5 = −M2
W

 2CKM3,g3mu3 CKM∗3,g4

(
mu3 ((δsW) s2β + 2 (δsβ) cβsW)− s2βsWδmug

3

)
−

CKM2,g3 (δZG−H− + δZH−G−) sWCKM∗2,g4m2
u2

s2
β

+ mu1( 4 )CKM1,g3 + cβmu2( 2 ) + sW( 3 )

4 = CKM∗1,g4


2s2βsWδmug

1 M2
W−

(
1
2

mu1

)
4 (δsW) s2βM2

W +

sW

2s2βδM2
W +

 8 (δsβ) cβ − 2 (δZG−H− + δZH−G−) s2
β−(

4 (δZe) + δZH−H− + δZH−H−
)

s2β

M2
W




+ s2βsWmu1 M2
WδCKM∗1,g4

3 =

(
δCKM1,g3

)
s2βCKM∗1,g4m2

u1
M2

W + CKM3,g3 (δZG−H− + δZH−G−) sβCKM∗3,g4M2
W +

cβ
(

2
(
δCKM3,g3

)
CKM∗3,g4M2

W + CKM3,g3

(
2δCKM∗3,g4M2

W + CKM∗3,g4

((
4 (δZe) + δZH−H− + δZH−H−

)
M2

W − 2δM2
W

)))
 sβm2

u3

2 =
−4CKM2,g3CKM∗2,g4

(
mu2 ((δsβ) sW + (δsW) sβ)− sWsβδmug

2

)
M2

W +

mu2 sWsβ
(

2
(
δCKM2,g3

)
CKM∗2,g4M2

W + CKM2,g3

(
2δCKM∗2,g4M2

W + CKM∗2,g4

((
4 (δZe) + δZH−H− + δZH−H−

)
M2

W − 2δM2
W

)))

1 = s2βsW
(
1− 4c2

W

)
c2

W (δZG−H− + δZH−G−)− c2β

 (
4 (δsW)−

(
4 (δZe) + δZH−H− + δZH−H−

)
sW
)

c2
W−

4
((

4 (δsW)−
(
4 (δZe) + δZH−H− + δZH−H−

)
sW
)

c4
W + (δsW) s2

W

)

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(
G−, G+, d̃s3

g3, d̃s4,†
g4

)
=


ie2

12s2βc4
WM4

Ws3
W



( 5 )cβUd̃g3∗
s3,1 +

( 7 )cβsWc2
WM2

W +

2

 ( 6 )U
d̃g4
s4,2−

cβsWc2
WM2

W

(
3c2

Wm2
dg3
− c2βM2

Ws2
W

)(
U

d̃g4
1,2δZ

d̃g4
1,s4 + U

d̃g4
2,2δZ

d̃g4
2,s4

)  δg3,g4Ud̃g3∗
s3,2

 sβ





7 =
−

 6c2
W

(
CKM1,g3CKM∗1,g4m2

u1
+ CKM2,g3CKM∗2,g4m2

u2
+ CKM3,g3CKM∗3,g4m2

u3

)
−

δg3,g4c2β

(
1− 4c2

W

)
M2

W

(δZd̃g3
1,s3Ud̃g3∗

1,1 + δZd̃g3
2,s3Ud̃g3∗

2,1

)
U

d̃g4
s4,1−

2δg3,g4

(
3c2

Wm2
dg3
− c2βM2

Ws2
W

)(
δZd̃g3

1,s3Ud̃g3∗
1,2 + δZd̃g3

2,s3Ud̃g3∗
2,2

)
U

d̃g4
s4,2

6 =
−cβ

(
12mdg3 sWδmdg

g3c4
WM2

W +
(
(δZG−H− + δZH−G−) s2βc2

W − 2c2β

(
2 (δsW) sW + (2 (δZe) + δZG−G−) c2

W

))
M4

Ws3
W

)
+

3c4
Wm2

dg3

(
sW (4 (δcβ) + (δZG−H− + δZH−G−) sβ) M2

W + cβ
(

4 (δsW) M2
W − 2sW

(
(2 (δZe) + δZG−G−) M2

W − δM2
W

)))

5 =

−2
(

3c4
W

(
( 3 )CKM1,g3mu1 + ( 4 )sW + ( 2 )M2

W

)
+ ( 1 )δg3,g4sβM4

W

)
U

d̃g4
s4,1− 6c2

W

(
CKM1,g3CKM∗1,g4m2

u1
+ CKM2,g3CKM∗2,g4m2

u2
+ CKM3,g3CKM∗3,g4m2

u3

)
−

δg3,g4c2β

(
1− 4c2

W

)
M2

W

 sWsβc2
WM2

W

(
δZ

d̃g4
1,s4U

d̃g4
1,1 + δZ

d̃g4
2,s4U

d̃g4
2,1

)

4 =


2
(
δCKM1,g3

)
CKM∗1,g4m2

u1
M2

W + 2
(
δCKM2,g3

)
CKM∗2,g4M2

W +

CKM2,g3

(
2δCKM∗2,g4M2

W + 2CKM∗2,g4

(
2 (δZe) M2

W − δM2
W

))
m2

u2

 sβ +

m2
u3

 2sβδCKM∗3,g4M2
W +

CKM∗3,g4

(
((δZG−H− + δZH−G−) cβ + 2 (2 (δZe) + δZG−G−) sβ) M2

W − 2sβδM2
W

)
CKM3,g3 + 2

(
δCKM3,g3

)
sβCKM∗3,g4M2

W



3 = CKM∗1,g4


4sWsβδmug

1 M2
W−

4 (δsW) sβM2
W + 2sβδM2

W +

(4 (δsβ)− (δZG−H− + δZH−G−) cβ − 2 (2 (δZe) + δZG−G−) sβ) M2
W

 sW

mu1

+ 2sβsWmu1 M2
WδCKM∗1,g4

135



2 =

−4CKM3,g3mu3 CKM∗3,g4

(
mu3 ((δsβ) sW + (δsW) sβ)− sWsβδmug

3

)
− 4mu2

(
mu2 ((δsβ) sW + (δsW) sβ)− sWsβδmug

2

)
−

sW ((δZG−H− + δZH−G−) cβ + 2 (δZG−G−) sβ)m2
u2

CKM2,g3CKM∗2,g4

1 =
(
1− 4c2

W

) ( 1
2 s2βsWc2

W

)
(δZG−H− + δZH−G−)− c2β

 (8 (δsW)− 4 (2 (δZe) + δZG−G−) sW) c4
W + 2 (δsW) s2

W−

(2 (δsW)− (2 (δZe) + δZG−G−) sW) c2
W



C
350

(
H−, G+, d̃s3

g3, d̃s4,†
g4

)
=

[
− ie2( 9 )

3c4
WM4

Ws2
2βs3

W

]

9 = sβ


( 8 )cβsWc2

WM2
W + ( 7 )U

d̃g4
s4,2−(

1
2

s2βsWc2
WM2

W

)(
3c2

Wm2
dg3
− 2c2

βM2
Ws2

W

)(
δZ

d̃g4
1,s4U

d̃g4
1,2 + δZ

d̃g4
2,s4U

d̃g4
2,2

)  δg3,g4sβUd̃g3∗
s3,2

+ c2
β( 6 )Ud̃g3∗

s3,1

8 =

 3c2
W

(
CKM1,g3CKM∗1,g4m2

u1
+ CKM2,g3CKM∗2,g4m2

u2
+ CKM3,g3CKM∗3,g4m2

u3

)
+

δg3,g4

(
1− 4c2

W

)
M2

Ws2
β

 c2
β

(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)
U

d̃g4
s4,1−

δg3,g4

(
3c2

Wm2
dg3
− 2c2

βM2
Ws2

W

)
s2
β

(
δZd̃g3

1,s3Ud̃g3∗
1,2 + δZd̃g3

2,s3Ud̃g3∗
2,2

)
U

d̃g4
s4,2

7 =
sβ
(

2
(

4 (δsW) sW + (4 (δZe) + δZG−G− + δZH−H−) c2
W

)
c3
βM4

Ws3
W − 12cβmdg3 sWδmdg

g3c4
WM2

W

)
+

3c4
Wm2

dg3

(
sW (δZG−H− + 4 (δcβ) sβ) M2

W +
s2β

2

(
4 (δsW) M2

W − sW

(
(4 (δZe) + δZG−G− + δZH−H−) M2

W − 2δM2
W

)))

6 =
( 1

2 s2βsWc2
WM2

W

) (
U

d̃g4
2,1δZ

d̃g4
2,s4 + U

d̃g4
1,1δZ

d̃g4
1,s4

) 3c2
W

(
CKM1,g3CKM∗1,g4m2

u1
+ CKM2,g3CKM∗2,g4m2

u2
+ CKM3,g3CKM∗3,g4m2

u3

)
+

δg3,g4

(
1− 4c2

W

)
M2

Ws2
β

+ ( 5 )U
d̃g4
s4,1

5 = 3c4
W( 4 )−

(
1
2δg3,g4s2βM4

Ws2
β

) (4 (δsW)− (4 (δZe) + δZG−G− + δZH−H−) sW) c2
W−

4
(
(4 (δsW)− (4 (δZe) + δZG−G− + δZH−H−) sW) c4

W + (δsW) s2
W

)


4 = −M2
W

 2CKM3,g3mu3 CKM∗3,g4

(
mu3 ((δsW) s2β + 2 (δsβ) cβsW)− s2βsWδmug

3

)
−(

1
2

CKM2,g3sWCKM∗2,g4m2
u2

)
(2 (δZG−H−) + (δZG−G−) s2β)

+ mu1( 2 )CKM1,g3 + cβmu2( 1 ) + sW( 3 )
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3 = m2
u3


(
δCKM3,g3

)
s2βCKM∗3,g4M2

W +(
1
2

CKM3,g3

) 2s2βδCKM∗3,g4M2
W +

CKM∗3,g4

(
(2 (δZG−H−) + (4 (δZe) + δZG−G− + δZH−H−) s2β) M2

W − 2s2βδM2
W

)

+ s2βM2

Wm2
u1

CKM∗1,g4
(
δCKM1,g3

)

2 = CKM∗1,g4


2s2βsWδmug

1 M2
W−

2 (δsW) s2βM2
W +

sW

2

 2s2βδM2
W +

(−2 (δZG−H−) + 8 (δsβ) cβ − (4 (δZe) + δZG−G− + δZH−H−) s2β) M2
W


mu1

+ s2βsWmu1 M2
WδCKM∗1,g4

1 =
−4CKM2,g3CKM∗2,g4

(
mu2 ((δsβ) sW + (δsW) sβ)− sWsβδmug

2

)
M2

W +

mu2 sWsβ
(

2
(
δCKM2,g3

)
CKM∗2,g4M2

W + CKM2,g3

(
2δCKM∗2,g4M2

W + CKM∗2,g4

(
(4 (δZe) + δZH−H−) M2

W − 2δM2
W

)))
C
351

(
G−, H+, d̃s3

g3, d̃s4,†
g4

)
=

[
− ie2( 9 )

3c4
WM4

Ws2
2βs3

W

]

9 = sβ


( 8 )cβsWc2

WM2
W + ( 7 )U

d̃g4
s4,2−(

1
2

s2βsWc2
WM2

W

)(
3c2

Wm2
dg3
− 2c2

βM2
Ws2

W

)(
δZ

d̃g4
1,s4U

d̃g4
1,2 + δZ

d̃g4
2,s4U

d̃g4
2,2

)  δg3,g4sβUd̃g3∗
s3,2

+ c2
β( 6 )Ud̃g3∗

s3,1

8 =

 3c2
W

(
CKM1,g3CKM∗1,g4m2

u1
+ CKM2,g3CKM∗2,g4m2

u2
+ CKM3,g3CKM∗3,g4m2

u3

)
+

δg3,g4

(
1− 4c2

W

)
M2

Ws2
β

 c2
β

(
δZd̃g3

1,s3Ud̃g3∗
1,1 + δZd̃g3

2,s3Ud̃g3∗
2,1

)
U

d̃g4
s4,1−

δg3,g4

(
3c2

Wm2
dg3
− 2c2

βM2
Ws2

W

)
s2
β

(
δZd̃g3

1,s3Ud̃g3∗
1,2 + δZd̃g3

2,s3Ud̃g3∗
2,2

)
U

d̃g4
s4,2

7 =
sβ
(

2
(

4 (δsW) sW +
(
4 (δZe) + δZH−H− + δZG−G−

)
c2

W

)
c3
βM4

Ws3
W − 12cβmdg3 sWδmdg

g3c4
WM2

W

)
+

3c4
Wm2

dg3

(
sW (δZH−G− + 4 (δcβ) sβ) M2

W +
s2β

2

(
4 (δsW) M2

W − sW

((
4 (δZe) + δZH−H− + δZG−G−

)
M2

W − 2δM2
W

)))

6 =
( 1

2 s2βsWc2
WM2

W

) (
U

d̃g4
2,1δZ

d̃g4
2,s4 + U

d̃g4
1,1δZ

d̃g4
1,s4

) 3c2
W

(
CKM1,g3CKM∗1,g4m2

u1
+ CKM2,g3CKM∗2,g4m2

u2
+ CKM3,g3CKM∗3,g4m2

u3

)
+

δg3,g4

(
1− 4c2

W

)
M2

Ws2
β

+ ( 5 )U
d̃g4
s4,1

5 = 3c4
W( 4 )−

(
1
2δg3,g4s2βM4

Ws2
β

) (
4 (δsW)−

(
4 (δZe) + δZH−H− + δZG−G−

)
sW
)

c2
W−

4
((

4 (δsW)−
(
4 (δZe) + δZH−H− + δZG−G−

)
sW
)

c4
W + (δsW) s2

W

)

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4 = −M2
W

 2CKM3,g3mu3 CKM∗3,g4

(
mu3 ((δsW) s2β + 2 (δsβ) cβsW)− s2βsWδmug

3

)
−(

1
2

CKM2,g3sWCKM∗2,g4m2
u2

)
(2 (δZH−G−) + (δZG−G−) s2β)

+ mu1( 2 )CKM1,g3 + cβmu2( 1 ) + sW( 3 )

3 = m2
u3


(
δCKM3,g3

)
s2βCKM∗3,g4M2

W +(
1
2

CKM3,g3

) 2s2βδCKM∗3,g4M2
W +

CKM∗3,g4

((
2 (δZH−G−) +

(
4 (δZe) + δZH−H− + δZG−G−

)
s2β
)

M2
W − 2s2βδM2

W

)

+ s2βM2

Wm2
u1

CKM∗1,g4
(
δCKM1,g3

)

2 = CKM∗1,g4


2s2βsWδmug

1 M2
W−

2 (δsW) s2βM2
W +

sW

2

 2s2βδM2
W +(

−2 (δZH−G−) + 8 (δsβ) cβ −
(
4 (δZe) + δZH−H− + δZG−G−

)
s2β
)

M2
W


mu1

+ s2βsWmu1 M2
WδCKM∗1,g4

1 =
mu2 sWsβ

(
2
(
δCKM2,g3

)
CKM∗2,g4M2

W + CKM2,g3

(
2δCKM∗2,g4M2

W + CKM∗2,g4

((
4 (δZe) + δZH−H−

)
M2

W − 2δM2
W

)))
−

4CKM2,g3CKM∗2,g4

(
mu2 ((δsβ) sW + (δsW) sβ)− sWsβδmug

2

)
M2

W

[SSSS] 2 Sleptons – 2 Squarks

C
375

(
d̃s1

g1, d̃s2,†
g2 , ẽs3

g3, ẽs4,†
g4

)
=

 − ie2δg1,g2δg3,g4

24c4
Wc3

βM4
Ws3

W

 ( 9 )cβsWc2
WM2

W + 2
(
( 8 )cβsWM2

W + ( 6 )U
d̃g1∗
s1,1

)
U ẽg3∗

s3,2 −(
( 4 )cβsWc2

WM2
W + ( 1 )c3

βM4
WU

d̃g1∗
s1,1 − 2( 3 )U

d̃g1∗
s1,2

)
U ẽg3∗

s3,1




9 =

−


(

1− 4c2
W

)
c2
βM2

WU
d̃g1∗
s1,1 U

d̃g1
s2,1U ẽg3

s4,1 +

2U
d̃g1∗
s1,2

(
c2
βM2

Ws2
WU

d̃g1
s2,2U ẽg3

s4,1 − 3mdg1 meg3 c2
WU

d̃g1
s2,1U ẽg3

s4,2

)
(δZẽg3

1,s3U ẽg3∗
1,1 + δZẽg3

2,s3U ẽg3∗
2,1

)
+

2

 3mdg1 meg3 c2
WU

d̃g1∗
s1,1 U

d̃g1
s2,2U ẽg3

s4,1 +

c2
βM2

Ws2
W

(
U

d̃g1∗
s1,1 U

d̃g1
s2,1 + 2U

d̃g1∗
s1,2 U

d̃g1
s2,2

)
U ẽg3

s4,2

(δZẽg3
1,s3U ẽg3∗

1,2 + δZẽg3
2,s3U ẽg3∗

2,2

)

8 = 2c2
βM2

Ws2
WU

d̃g1∗
s1,2

U
d̃g1
s2,2

 c2
W

(
δZ

ẽg4
1,s4U ẽg3

1,2 + δZ
ẽg4
2,s4U ẽg3

2,2

)
+

4
(
(δsW) sW + (δZe) c2

W

)
U ẽg3

s4,2

+ c2
WU ẽg3

s4,2

(
U

d̃g1
1,2δZd̃g2

1,s2 + U
d̃g1
2,2δZd̃g2

2,s2

)+ c2
W( 7 )
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7 =

(
δZ

d̃g1
1,s1U

d̃g1∗
1,1 + δZ

d̃g1
2,s1U

d̃g1∗
2,1

)(
3mdg1 meg3 c2

WU
d̃g1
s2,2U ẽg3

s4,1 + c2
βM2

Ws2
WU

d̃g1
s2,1U ẽg3

s4,2

)
+

2c2
βM2

Ws2
W

(
δZ

d̃g1
1,s1U

d̃g1∗
1,2 + δZ

d̃g1
2,s1U

d̃g1∗
2,2

)
U

d̃g1
s2,2U ẽg3

s4,2

6 =

δZd̃g2
1,s2

(
3cβmdg1 meg3 sWc4

WM2
WU

d̃g1
1,2 U ẽg3

s4,1 + c2
Wc3

βM4
Ws3

WU
d̃g1
1,1 U ẽg3

s4,2

)
− ( 5 )c4

WU
d̃g1
s2,2 +

δZd̃g2
2,s2

(
3cβmdg1 meg3 sWc4

WM2
WU

d̃g1
2,2 U ẽg3

s4,1 + c2
Wc3

βM4
Ws3

WU
d̃g1
2,1 U ẽg3

s4,2

)
+

c3
βM4

Ws3
WU

d̃g1
s2,1

(
c2

W

(
δZ

ẽg4
1,s4U ẽg3

1,2 + δZ
ẽg4
2,s4U ẽg3

2,2

)
+ 4

(
(δsW) sW + (δZe) c2

W

)
U ẽg3

s4,2

)

5 = cβ


6mdg1 meg3

(
sWδM2

W + 2 (δsW) M2
W

)
U ẽg3

s4,1− 3mdg1 meg3

(
δZ

ẽg4
1,s4U ẽg3

1,1 + δZ
ẽg4
2,s4U ẽg3

2,1

)
+

6
(

meg3δmdg
g1 + mdg1δmeg

g3

)
U ẽg3

s4,1

 sWM2
W

− 12sWmdg1 meg3 M2
W (cβ (δZe)− δcβ)U ẽg3

s4,1

4 =

(
1− 4c2

W

)
c2
βM2

W

(
δZ

d̃g1
1,s1U

d̃g1∗
1,1 + δZ

d̃g1
2,s1U

d̃g1∗
2,1

)
U

d̃g1
s2,1U ẽg3

s4,1 +

2
(
δZ

d̃g1
1,s1U

d̃g1∗
1,2 + δZ

d̃g1
2,s1U

d̃g1∗
2,2

)(
c2
βM2

Ws2
WU

d̃g1
s2,2U ẽg3

s4,1 − 3mdg1 meg3 c2
WU

d̃g1
s2,1U ẽg3

s4,2

)

3 =

−( 2 )c4
WU

d̃g1
s2,1 − δZd̃g2

1,s2

(
c2

Wc3
βM4

Ws3
WU

d̃g1
1,2 U ẽg3

s4,1 − 3cβmdg1 meg3 sWc4
WM2

WU
d̃g1
1,1 U ẽg3

s4,2

)
−

δZd̃g2
2,s2

(
c2

Wc3
βM4

Ws3
WU

d̃g1
2,2 U ẽg3

s4,1 − 3cβmdg1 meg3 sWc4
WM2

WU
d̃g1
2,1 U ẽg3

s4,2

)
−

c3
βM4

Ws3
WU

d̃g1
s2,2

(
c2

W

(
δZ

ẽg4
1,s4U ẽg3

1,1 + δZ
ẽg4
2,s4U ẽg3

2,1

)
+ 4

(
(δsW) sW + (δZe) c2

W

)
U ẽg3

s4,1

)

2 = cβ


6mdg1 meg3

(
sWδM2

W + 2 (δsW) M2
W

)
U ẽg3

s4,2− 3mdg1 meg3

(
δZ

ẽg4
1,s4U ẽg3

1,2 + δZ
ẽg4
2,s4U ẽg3

2,2

)
+

6
(

meg3δmdg
g1 + mdg1δmeg

g3

)
U ẽg3

s4,2

 sWM2
W

− 12sWmdg1 meg3 M2
W (cβ (δZe)− δcβ)U ẽg3

s4,2

1 = U
d̃g1
s2,1

 sW

(
1− 4c2

W

)
c2

W

(
δZ

ẽg4
1,s4U ẽg3

1,1 + δZ
ẽg4
2,s4U ẽg3

2,1

)
−

4
(

3 ((δZe) sW − δsW) c4
W − (δZe) c2

Ws3
W − (δsW) s4

W

)
U ẽg3

s4,1

+ sW
(
1− 4c2

W

)
c2

WU ẽg3
s4,1

(
U

d̃g1
2,1δZd̃g2

2,s2 + U
d̃g1
1,1δZd̃g2

1,s2

)

C
376

(
d̃s1

g1, d̃s2,†
g2 , ν̃g3, ν̃†g4

)
=

[
ie2( 2 )δg1,g2δg3,g4

24c4
Ws3

W

]
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2 = U
d̃g1∗
s1,1

 sWc2
W

(
2c2

W + 1
)(

δZd̃g2
1,s2U

d̃g1
1,1 + δZd̃g2

2,s2U
d̃g1
2,1

)
+(

sW

(
δZν̃

1,1 + δZν̃
1,1

)
c2

W

(
2c2

W + 1
)
+ (4 (δZe) sW − 4 (δsW))

(
c2

W + 2c4
W

)
+ 4 (δsW) s2

W

)
U

d̃g1
s2,1

+ sW( 1 )

1 =
2s2

WU
d̃g1∗
s1,2

(
c2

W

(
δZd̃g2

1,s2U
d̃g1
1,2 + δZd̃g2

2,s2U
d̃g1
2,2

)
+
((

δZν̃
1,1 + δZν̃

1,1

)
c2

W + 4
(
(δsW) sW + (δZe) c2

W

))
U

d̃g1
s2,2

)
+

c2
W

((
2c2

W + 1
)(

δZ
d̃g1
1,s1U

d̃g1∗
1,1 + δZ

d̃g1
2,s1U

d̃g1∗
2,1

)
U

d̃g1
s2,1 + 2s2

W

(
δZ

d̃g1
1,s1U

d̃g1∗
1,2 + δZ

d̃g1
2,s1U

d̃g1∗
2,2

)
U

d̃g1
s2,2

)

C
378

(
d̃s1

g1, ẽs2,†
g2 , ν̃g3, ũs4,†

g4

)
=

 − ie2δg2,g3

4c3
βM4

Ws3
W

 ( 2 )CKMg4,g1 +

2cβsW
(
δCKMg4,g1

)
M2

W

(
c2
βM2

WU
d̃g1∗
s1,1 U ẽg2

s2,1 + mdg1 meg2U
d̃g1∗
s1,2 U ẽg2

s2,2

)
U

ũg4
s4,1




2 =

U
d̃g1∗
s1,2

(
cβmdg1 meg2 sWM2

W

(
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
U ẽg2

s2,2 + ( 1 )U
ũg4
s4,1

)
+

c3
βM4

WU
d̃g1∗
s1,1

sW

(
δZ

ũg4
1,s4U

ũg4
1,1 + δZ

ũg4
2,s4U

ũg4
2,1

)
U ẽg2

s2,1 +

 sW

(
δZẽg2

1,s2U ẽg2
1,1 + δZẽg2

2,s2U ẽg2
2,1

)
−(

4 (δsW)− sW
(
4 (δZe) + δZν̃

1,1
))

U ẽg2
s2,1

U
ũg4
s4,1

 +

cβsWM2
W

(
c2
βM2

W

(
δZ

d̃g1
1,s1U

d̃g1∗
1,1 + δZ

d̃g1
2,s1U

d̃g1∗
2,1

)
U ẽg2

s2,1 + mdg1 meg2

(
δZ

d̃g1
1,s1U

d̃g1∗
1,2 + δZ

d̃g1
2,s1U

d̃g1∗
2,2

)
U ẽg2

s2,2

)
U

ũg4
s4,1

1 =

cβmdg1 meg2 sWM2
W

(
δZẽg2

1,s2U ẽg2
1,2 + δZẽg2

2,s2U ẽg2
2,2

)
+2cβmeg2 sWδmdg

g1M2
W + mdg1

2cβsWδmeg
g2M2

W −

 cβ
(

2sWδM2
W + 4 (δsW) M2

W

)
+

sW
(
4 (δcβ)− cβ

(
4 (δZe) + δZν̃

1,1
))

M2
W

meg2

U ẽg2
s2,2

C
379

(
ẽs1

g1, d̃s2,†
g2 , ũs3

g3, ν̃†g4

)
=

 − ie2δg1,g4

4c3
βM4

Ws3
W

 ( 2 )CKM∗g3,g2 +

2cβsWM2
W

(
c2
βM2

WU
ẽg1∗
s1,1 Ud̃g2

s2,1 + mdg2 meg1U
ẽg1∗
s1,2 Ud̃g2

s2,2

)
Uũg3∗

s3,1 δCKM∗g3,g2




2 =

cβsWM2
W

(
c2
βM2

W

(
δZ

ẽg1
1,s1U

ẽg1∗
1,1 + δZ

ẽg1
2,s1U

ẽg1∗
2,1

)
Ud̃g2

s2,1 + mdg2 meg1

(
δZ

ẽg1
1,s1U

ẽg1∗
1,2 + δZ

ẽg1
2,s1U

ẽg1∗
2,2

)
Ud̃g2

s2,2

)
Uũg3∗

s3,1 +

c3
βM4

WU
ẽg1∗
s1,1

sW

(
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
Ud̃g2

s2,1 +

 sW

(
δZd̃g2

1,s2Ud̃g2
1,1 + δZd̃g2

2,s2Ud̃g2
2,1

)
−(

4 (δsW)− sW

(
4 (δZe) + δZν̃

1,1

))
Ud̃g2

s2,1

Uũg3∗
s3,1

 +

U
ẽg1∗
s1,2

(
cβmdg2 meg1 sWM2

W

(
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
Ud̃g2

s2,2 + ( 1 )Uũg3∗
s3,1

)

140



1 =

cβmdg2 meg1 sWM2
W

(
δZd̃g2

1,s2Ud̃g2
1,2 + δZd̃g2

2,s2Ud̃g2
2,2

)
+2cβmeg1 sWδmdg

g2M2
W + mdg2

2cβsWδmeg
g1M2

W −

 sW

(
4 (δcβ)− cβ

(
4 (δZe) + δZν̃

1,1

))
M2

W +

cβ
(

2sWδM2
W + 4 (δsW) M2

W

)
meg1

Ud̃g2
s2,2

C
382

(
ẽs1

g1, ẽs2,†
g2 , ũs3

g3, ũs4,†
g4

)
=

[
−

ie2δg1,g2δg3,g4

24c4
Ws3

W

(
sW

(
( 1 )c2

W + 2( 2 )s2
WU

ẽg1∗
s1,2

)
−U

ẽg1∗
s1,1

(
( 4 )sW + ( 3 )Uũg3∗

s3,1

)) ]

4 = c2
WU

ẽg1
s2,1

 (
2c2

W + 1
) (

δZũg3
1,s3Uũg3∗

1,1 + δZũg3
2,s3Uũg3∗

2,1

)
Uũg3

s4,1−

4s2
W

(
δZũg3

1,s3Uũg3∗
1,2 + δZũg3

2,s3Uũg3∗
2,2

)
Uũg3

s4,2

− 4s2
WUũg3∗

s3,2


c2

W

(
δZ

ũg4
1,s4Uũg3

1,2 + δZ
ũg4
2,s4Uũg3

2,2

)
U

ẽg1
s2,1 + c2

W

(
δZẽg2

1,s2U
ẽg1
1,1 + δZẽg2

2,s2U
ẽg1
2,1

)
+

4
(
(δsW) sW + (δZe) c2

W

)
U

ẽg1
s2,1

Uũg3
s4,2



3 = Uũg3
s4,1

 sWc2
W

(
2c2

W + 1
) (

δZẽg2
1,s2U

ẽg1
1,1 + δZẽg2

2,s2U
ẽg1
2,1

)
+

4
(
((δZe) sW − δsW)

(
c2

W + 2c4
W

)
+ (δsW) s2

W

)
U

ẽg1
s2,1

+ sWc2
W

(
2c2

W + 1
)

U
ẽg1
s2,1

(
Uũg3

2,1 δZ
ũg4
2,s4 + Uũg3

1,1 δZ
ũg4
1,s4

)

2 =


c2

W

(
δZ

ũg4
1,s4Uũg3

1,1 + δZ
ũg4
2,s4Uũg3

2,1

)
U

ẽg1
s2,2 + c2

W

(
δZẽg2

1,s2U
ẽg1
1,2 + δZẽg2

2,s2U
ẽg1
2,2

)
+

4
(
(δsW) sW + (δZe) c2

W

)
U

ẽg1
s2,2

Uũg3
s4,1

Uũg3∗
s3,1 −

4Uũg3∗
s3,2

c2
W

(
δZ

ũg4
1,s4Uũg3

1,2 + δZ
ũg4
2,s4Uũg3

2,2

)
U

ẽg1
s2,2 +

 c2
W

(
δZẽg2

1,s2U
ẽg1
1,2 + δZẽg2

2,s2U
ẽg1
2,2

)
+

4
(
(δsW) sW + (δZe) c2

W

)
U

ẽg1
s2,2

Uũg3
s4,2

 +

 (
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
Uũg3

s4,1−

4
(
δZũg3

1,s3Uũg3∗
1,2 + δZũg3

2,s3Uũg3∗
2,2

)
Uũg3

s4,2

 c2
WU

ẽg1
s2,2

1 =
−
(
δZ

ẽg1
1,s1U

ẽg1∗
1,1 + δZ

ẽg1
2,s1U

ẽg1∗
2,1

)
U

ẽg1
s2,1

((
2c2

W + 1
)

Uũg3∗
s3,1 Uũg3

s4,1 − 4s2
WUũg3∗

s3,2 Uũg3
s4,2

)
+

2s2
W

(
δZ

ẽg1
1,s1U

ẽg1∗
1,2 + δZ

ẽg1
2,s1U

ẽg1∗
2,2

)
U

ẽg1
s2,2

(
Uũg3∗

s3,1 Uũg3
s4,1 − 4Uũg3∗

s3,2 Uũg3
s4,2

)

C
384

(
ν̃g1, ν̃†g2, ũs3

g3, ũs4,†
g4

)
=

[
ie2( 2 )δg1,g2δg3,g4

24c4
Ws3

W

]

2 = Uũg3∗
s3,1

 sW

(
1− 4c2

W

)
c2

W

(
δZ

ũg4
1,s4Uũg3

1,1 + δZ
ũg4
2,s4Uũg3

2,1

)
−((

δZν̃
1,1 + δZν̃

1,1

) (
3sWc4

W − c2
Ws3

W

)
+ 4

(
3 ((δZe) sW − δsW) c4

W − (δZe) c2
Ws3

W − (δsW) s4
W

))
Uũg3

s4,1

− sW( 1 )
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1 =
4s2

WUũg3∗
s3,2

(
c2

W

(
δZ

ũg4
1,s4Uũg3

1,2 + δZ
ũg4
2,s4Uũg3

2,2

)
+
((

δZν̃
1,1 + δZν̃

1,1

)
c2

W + 4
(
(δsW) sW + (δZe) c2

W

))
Uũg3

s4,2

)
−

c2
W

((
1− 4c2

W

) (
δZũg3

1,s3Uũg3∗
1,1 + δZũg3

2,s3Uũg3∗
2,1

)
Uũg3

s4,1 − 4s2
W

(
δZũg3

1,s3Uũg3∗
1,2 + δZũg3

2,s3Uũg3∗
2,2

)
Uũg3

s4,2

)

[SSVV] 2 Higgs – 2 Gauge Bosons

C
31

(
h0, h0, Z, Z

)
=

[
− ie2

2c4
Ws3

W

(
(2 (δsW)− sW (2 (δZe) + δZZZ + δZhh)) c2

W − 2 (δsW) s2
W

) ]

C
32

(
h0, h0, W−, W+

)
=

[
− ie2

4s3
W

(
4 (δsW)− sW

(
4 (δZe) + δZW + δZW + 2 (δZhh)

)) ]

C
33

(
G0, G0, Z, Z

)
=

[
− ie2

2c4
Ws3

W

(
(2 (δsW)− sW (2 (δZe) + δZZZ + δZGG)) c2

W − 2 (δsW) s2
W

) ]

C
34

(
G0, G0, W−, W+

)
=

[
− ie2

4s3
W

(
4 (δsW)− sW

(
4 (δZe) + δZW + δZW + 2 (δZGG)

)) ]

C
35

(
G−, G+,γ,γ

)
=

[
ie2

cWsW

(
2cWsW (2 (δZe) + δZγγ + δZG−G−) + (δZZγ)

(
c2

W − s2
W

)) ]

C
36

(
G−, G+,γ, Z

)
=

[
− ie2( 1 )

4c3
Ws2

W

]

1 =
2 (2 (δsW)− (4 (δZe) + δZZZ + δZγγ + 2 (δZG−G−)) sW) c4

W + 4 (δsW) s4
W − (δZZγ)

(
c5

W + cWs4
W

)
+(

2 (4 (δsW) + (4 (δZe) + δZZZ + δZγγ + 2 (δZG−G−)) sW) c2
W + 2 (δZZγ − 2 (δZγZ)) c3

W

)
s2

W

C
37

(
G−, G+, Z, Z

)
=

 ie2

2c4
Ws3

W

 (2 (δsW)− sW (2 (δZe) + δZZZ + δZG−G−)) c4
W + 2 (δsW) s4

W +(
(4 (δsW) + sW (2 (δZe) + δZZZ + δZG−G−)) c2

W − 2 (δZγZ) c3
W

)
s2

W

(1− 2c2
W

) 
C
38

(
G−, G+, W−, W+

)
=

[
− ie2

4s3
W

(
4 (δsW)− sW

(
4 (δZe) + δZW + δZW + 2 (δZG−G−)

)) ]

C
151

(
h0, H−,γ, W+

)
=

 − ie2

4cWs2
W

 cWsWsβ-α (δZhH − δZG−H−) +

cβ-α

(
cW
(
2 (δsW)− sW

(
4 (δZe) + δZW + δZγγ + δZhh + δZH−H−

))
+ (δZZγ) s2

W

)
 
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C
152

(
h0, G−,γ, W+

)
=

 − ie2

4cWs2
W

cW

−
 sβ-α

(
4 (δZe) + δZW + δZγγ + δZhh + δZG−G−

)
+

cβ-α (δZhH + δZH−G−)

 sW + 2sβ-α (δsW)

+ sβ-α (δZZγ) s2
W

 

C
153

(
h0, H−, Z, W+

)
=

 ie2

4sWc3
W

 (δZγZ) c3
W − 2 (δsW) s2

W−

sW
(
4 (δZe) + δZW + δZZZ + δZhh + δZH−H−

)
c2

W

 cβ-α + sWsβ-α (δZhH − δZG−H−) c2
W

 

C
154

(
h0, G−, Z, W+

)
=

 ie2

4sWc3
W

−
 sβ-α

(
4 (δZe) + δZW + δZZZ + δZhh + δZG−G−

)
+

cβ-α (δZhH + δZH−G−)

 sWc2
W + sβ-α

(
(δZγZ) c3

W − 2 (δsW) s2
W

) 

C
155

(
h0, H+,γ, W−

)
=

 − ie2

4cWs2
W

 cβ-α

(
cW
(
2 (δsW)− sW

(
4 (δZe) + δZH−H− + δZW + δZγγ + δZhh

))
+ (δZZγ) s2

W

)
+

cWsWsβ-α (δZhH − δZH−G−)

 

C
156

(
h0, G+,γ, W−

)
=

 − ie2

4cWs2
W

cW

−
 sβ-α (4 (δZe) + δZW + δZγγ + δZhh + δZG−G−) +

cβ-α (δZhH + δZG−H−)

 sW + 2sβ-α (δsW)

+ sβ-α (δZZγ) s2
W

 

C
157

(
h0, H+, Z, W−

)
=

 ie2

4sWc3
W

 (δZγZ) c3
W − 2 (δsW) s2

W−

sW
(
4 (δZe) + δZH−H− + δZW + δZZZ + δZhh

)
c2

W

 cβ-α + sWsβ-α (δZhH − δZH−G−) c2
W

 

C
158

(
h0, G+, Z, W−

)
=

 ie2

4sWc3
W

−
 sβ-α (4 (δZe) + δZW + δZZZ + δZhh + δZG−G−) +

cβ-α (δZhH + δZG−H−)

 sWc2
W + sβ-α

(
(δZγZ) c3

W − 2 (δsW) s2
W

) 
C
159

(
H0, H0, Z, Z

)
=

[
− ie2

2c4
Ws3

W

(
(2 (δsW)− sW (2 (δZe) + δZZZ + δZHH)) c2

W − 2 (δsW) s2
W

) ]

C
160

(
H0, H0, W−, W+

)
=

[
− ie2

4s3
W

(
4 (δsW)− sW

(
4 (δZe) + δZW + δZW + 2 (δZHH)

)) ]

C
161

(
H0, H−,γ, W+

)
=

 ie2

4cWs2
W

cW

 cβ-α (δZhH + δZG−H−) −

sβ-α
(
4 (δZe) + δZW + δZγγ + δZHH + δZH−H−

)
 sW + 2sβ-α (δsW)

+ sβ-α (δZZγ) s2
W

 

C
162

(
H0, G−,γ, W+

)
=

 − ie2

4cWs2
W

 cβ-α

(
cW
(
2 (δsW)− sW

(
4 (δZe) + δZW + δZγγ + δZHH + δZG−G−

))
+ (δZZγ) s2

W

)
−

cWsWsβ-α (δZhH − δZH−G−)

 
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C
163

(
H0, H−, Z, W+

)
=

 − ie2

4sWc3
W

 cβ-α (δZhH + δZG−H−) −

sβ-α
(
4 (δZe) + δZW + δZZZ + δZHH + δZH−H−

)
 sWc2

W + sβ-α

(
(δZγZ) c3

W − 2 (δsW) s2
W

) 

C
164

(
H0, G−, Z, W+

)
=

 − ie2

4sWc3
W

−
 (δZγZ) c3

W − 2 (δsW) s2
W−

sW
(
4 (δZe) + δZW + δZZZ + δZHH + δZG−G−

)
c2

W

 cβ-α + sWsβ-α (δZhH − δZH−G−) c2
W

 

C
165

(
H0, H+,γ, W−

)
=

 ie2

4cWs2
W

cW

−
 sβ-α

(
4 (δZe) + δZH−H− + δZW + δZγγ + δZHH

)
−

cβ-α (δZhH + δZH−G−)

 sW + 2sβ-α (δsW)

+ sβ-α (δZZγ) s2
W

 

C
166

(
H0, G+,γ, W−

)
=

 − ie2

4cWs2
W

 cβ-α

(
cW (2 (δsW)− sW (4 (δZe) + δZW + δZγγ + δZHH + δZG−G−)) + (δZZγ) s2

W

)
−

cWsWsβ-α (δZhH − δZG−H−)

 

C
167

(
H0, H+, Z, W−

)
=

 − ie2

4sWc3
W

−
 sβ-α

(
4 (δZe) + δZH−H− + δZW + δZZZ + δZHH

)
−

cβ-α (δZhH + δZH−G−)

 sWc2
W + sβ-α

(
(δZγZ) c3

W − 2 (δsW) s2
W

) 

C
168

(
H0, G+, Z, W−

)
=

 − ie2

4sWc3
W

−
 (δZγZ) c3

W − 2 (δsW) s2
W−

sW (4 (δZe) + δZW + δZZZ + δZHH + δZG−G−) c2
W

 cβ-α + sWsβ-α (δZhH − δZG−H−) c2
W

 
C
169

(
A0, A0, Z, Z

)
=

[
− ie2

2c4
Ws3

W

(
(2 (δsW)− sW (2 (δZe) + δZZZ + δZAA)) c2

W − 2 (δsW) s2
W

) ]

C
170

(
A0, A0, W−, W+

)
=

[
− ie2

4s3
W

(
4 (δsW)− sW

(
4 (δZe) + δZW + δZW + 2 (δZAA)

)) ]

C
171

(
A0, H−,γ, W+

)
=

[
e2

4cWs2
W

(
cW
(
2 (δsW)− sW

(
4 (δZe) + δZW + δZγγ + δZAA + δZH−H−

))
+ (δZZγ) s2

W

) ]

C
172

(
A0, H−, Z, W+

)
=

[
e2

4sWc3
W

(
sW
(
4 (δZe) + δZW + δZZZ + δZAA + δZH−H−

)
c2

W − (δZγZ) c3
W + 2 (δsW) s2

W

) ]

C
173

(
A0, H+,γ, W−

)
=

[
− e2

4cWs2
W

(
cW
(
2 (δsW)− sW

(
4 (δZe) + δZH−H− + δZW + δZγγ + δZAA

))
+ (δZZγ) s2

W

) ]

C
174

(
A0, H+, Z, W−

)
=

[
− e2

4sWc3
W

(
sW
(
4 (δZe) + δZH−H− + δZW + δZZZ + δZAA

)
c2

W − (δZγZ) c3
W + 2 (δsW) s2

W

) ]
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C
175

(
G0, G−,γ, W+

)
=

[
e2

4cWs2
W

(
cW
(
2 (δsW)− sW

(
4 (δZe) + δZW + δZγγ + δZGG + δZG−G−

))
+ (δZZγ) s2

W

) ]

C
176

(
G0, G−, Z, W+

)
=

[
e2

4sWc3
W

(
sW
(
4 (δZe) + δZW + δZZZ + δZGG + δZG−G−

)
c2

W − (δZγZ) c3
W + 2 (δsW) s2

W

) ]

C
177

(
G0, G+,γ, W−

)
=

[
− e2

4cWs2
W

(
cW (2 (δsW)− sW (4 (δZe) + δZW + δZγγ + δZGG + δZG−G−)) + (δZZγ) s2

W

) ]

C
178

(
G0, G+, Z, W−

)
=

[
− e2

4sWc3
W

(
sW (4 (δZe) + δZW + δZZZ + δZGG + δZG−G−) c2

W − (δZγZ) c3
W + 2 (δsW) s2

W

) ]

C
179

(
H−, H+,γ,γ

)
=

[
ie2

cWsW

(
cWsW

(
4 (δZe) + δZH−H− + 2 (δZγγ) + δZH−H−

)
+ (δZZγ)

(
c2

W − s2
W

)) ]

C
180

(
H−, H+,γ, Z

)
=

[
− ie2( 1 )

4c3
Ws2

W

]

1 =
2
(
2 (δsW)−

(
4 (δZe) + δZH−H− + δZZZ + δZγγ + δZH−H−

)
sW
)

c4
W + 4 (δsW) s4

W − (δZZγ)
(

c5
W + cWs4

W

)
+(

2
(
4 (δsW) +

(
4 (δZe) + δZH−H− + δZZZ + δZγγ + δZH−H−

)
sW
)

c2
W + 2 (δZZγ − 2 (δZγZ)) c3

W

)
s2

W

C
181

(
H−, H+, Z, Z

)
=

 ie2

4c4
Ws3

W

 (
4 (δsW)− sW

(
4 (δZe) + δZH−H− + 2 (δZZZ) + δZH−H−

))
c4

W + 4 (δsW) s4
W +((

8 (δsW) + sW
(
4 (δZe) + δZH−H− + 2 (δZZZ) + δZH−H−

))
c2

W − 4 (δZγZ) c3
W

)
s2

W

(1− 2c2
W

) 
C
182

(
H−, H+, W−, W+

)
=

[
− ie2

4s3
W

(
4 (δsW)− sW

(
4 (δZe) + δZW + δZH−H− + δZW + δZH−H−

)) ]

C
386

(
G0, H−,γ, W+

)
=

[
− e2

4sW
(δZAG + δZG−H−)

]

C
387

(
G0, H+,γ, W−

)
=

[
e2

4sW
(δZAG + δZH−G−)

]

C
388

(
G0, H−, Z, W+

)
=

[
e2

4cW
(δZAG + δZG−H−)

]

C
389

(
G0, H+, Z, W−

)
=

[
− e2

4cW
(δZAG + δZH−G−)

]
145



C
390

(
A0, G−,γ, W+

)
=

[
− e2

4sW
(δZAG + δZH−G−)

]

C
391

(
A0, G+,γ, W−

)
=

[
e2

4sW
(δZAG + δZG−H−)

]

C
392

(
A0, G−, Z, W+

)
=

[
e2

4cW
(δZAG + δZH−G−)

]

C
393

(
A0, G+, Z, W−

)
=

[
− e2

4cW
(δZAG + δZG−H−)

]

C
394

(
H0, h0, Z, Z

)
=

[
ie2 (δZhH)

2c2
Ws2

W

]

C
395

(
G0, A0, Z, Z

)
=

[
ie2 (δZAG)

2c2
Ws2

W

]

C
396

(
H0, h0, W−, W+

)
=

[
ie2 (δZhH)

2s2
W

]

C
397

(
G0, A0, W−, W+

)
=

[
ie2 (δZAG)

2s2
W

]

C
398

(
G−, H+,γ,γ

)
=
[

2ie2 (δZH−G−)
]

C
399

(
H−, G+,γ,γ

)
=
[

2ie2 (δZG−H−)
]

C
400

(
G−, H+, Z,γ

)
=

[
− ie2 (δZH−G−)

cWsW

(
1− 2c2

W

) ]

C
401

(
H−, G+, Z,γ

)
=

[
− ie2 (δZG−H−)

cWsW

(
1− 2c2

W

) ]

C
402

(
G−, H+, Z, Z

)
=

[
i (δZH−G−)

2c2
Ws2

W

(
e− 2ec2

W

)2
]

C
403

(
H−, G+, Z, Z

)
=

[
i (δZG−H−)

2c2
Ws2

W

(
e− 2ec2

W

)2
]

C
404

(
G−, H+, W−, W+

)
=

[
ie2 (δZH−G−)

2s2
W

]
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C
405

(
H−, G+, W+, W−

)
=

[
ie2 (δZG−H−)

2s2
W

]

[SSVV] 2 Squarks – Gauge Boson – Gluon

C
462

(
ũs1

g1, ũs2,†
g2 , g,γ

)
=

[
iegs( 1 )δg1,g2Tg3

c2,c1

6cWsW

]

1 = 4cWsW

 δs1,1δZũg2
1,s2 + δs1,2δZũg2

2,s2 + δs2,1δZ
ũg1
1,s1 + δs2,2δZ

ũg1
2,s1 +

δs1,s2
(
2 (δZe) + δZγγ + δZgg + 2

(
δZgs

))
− (δZZγ)

(
4s2

Wδs1,s2 − 3U
ũg1
s2,1U

ũg1∗
s1,1

)

C
463

(
d̃s1

g1, d̃s2,†
g2 , g,γ

)
=

[
−

iegs( 1 )δg1,g2Tg3
c2,c1

6cWsW

]

1 = 2cWsW

 δs1,1δZd̃g2
1,s2 + δs1,2δZd̃g2

2,s2 + δs2,1δZ
d̃g1
1,s1 + δs2,2δZ

d̃g1
2,s1 +

δs1,s2
(
2 (δZe) + δZγγ + δZgg + 2

(
δZgs

))
− (δZZγ)

(
2s2

Wδs1,s2 − 3U
d̃g1
s2,1U

d̃g1∗
s1,1

)

C
464

(
ũs1

g1, ũs2,†
g2 , g, Z

)
=

[
iegs( 1 )δg1,g2Tg3

c2,c1

6c3
Ws2

W

]

1 =

−δs1,s2s2
W

(
4
(
2 (δsW) +

(
2 (δZe) + δZZZ + δZgg + 2

(
δZgs

))
sW
)

c2
W − 4 (δZγZ) c3

W + 8 (δsW) s2
W

)
+

U
ũg1∗
s1,1

 3sW

(
δZũg2

1,s2U
ũg1
1,1 + δZũg2

2,s2U
ũg1
2,1

)
−(

6 (δsW)− 3
(
2 (δZe) + δZZZ + δZgg + 2

(
δZgs

))
sW
)

U
ũg1
s2,1

 c2
W + 6 (δsW) s2

WU
ũg1
s2,1

 −
4
(
δs1,1δZũg2

1,s2 + δs1,2δZũg2
2,s2

)
s3

W + δZ
ũg1
1,s1

(
4δs2,1s2

W − 3U
ũg1∗
1,1 U

ũg1
s2,1

)
+

δZ
ũg1
2,s1

(
4δs2,2s2

W − 3U
ũg1∗
2,1 U

ũg1
s2,1

)
 sW

 c2
W

C
465

(
d̃s1

g1, d̃s2,†
g2 , g, Z

)
=

[
−

iegs( 1 )δg1,g2Tg3
c2,c1

6c3
Ws2

W

]
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1 =

−δs1,s2s2
W

(
2
(
2 (δsW) +

(
2 (δZe) + δZZZ + δZgg + 2

(
δZgs

))
sW
)

c2
W − 2 (δZγZ) c3

W + 4 (δsW) s2
W

)
+

U
d̃g1∗
s1,1


 3sW

(
δZd̃g2

1,s2U
d̃g1
1,1 + δZd̃g2

2,s2U
d̃g1
2,1

)
−(

6 (δsW)− 3
(
2 (δZe) + δZZZ + δZgg + 2

(
δZgs

))
sW
)

U
d̃g1
s2,1

 c2
W + 6 (δsW) s2

WU
d̃g1
s2,1

 −
2
(
δs1,1δZd̃g2

1,s2 + δs1,2δZd̃g2
2,s2

)
s3

W + δZ
d̃g1
1,s1

(
2δs2,1s2

W − 3U
d̃g1∗
1,1 U

d̃g1
s2,1

)
+

δZ
d̃g1
2,s1

(
2δs2,2s2

W − 3U
d̃g1∗
2,1 U

d̃g1
s2,1

)
 sW

 c2
W

C
466

(
ũs1

g1, d̃s2,†
g2 , g, W−

)
=

[
iegsTg3

c2,c1√
2s2

W

(
( 1 )CKM∗g1,g2 + 2sWU

ũg1∗
s1,1 Ud̃g2

s2,1δCKM∗g1,g2

) ]

1 = U
ũg1∗
s1,1

 sW

(
δZd̃g2

1,s2Ud̃g2
1,1 + δZd̃g2

2,s2Ud̃g2
2,1

)
−(

2 (δsW)−
(
2 (δZe) + δZW + δZgg + 2

(
δZgs

))
sW
)

Ud̃g2
s2,1

+ sWUd̃g2
s2,1

(
U

ũg1∗
2,1 δZ

ũg1
2,s1 + U

ũg1∗
1,1 δZ

ũg1
1,s1

)

C
467

(
d̃s1

g1, ũs2,†
g2 , g, W+

)
=

[
iegsTg3

c2,c1√
2s2

W

(
( 1 )CKMg2,g1 + 2sW

(
δCKMg2,g1

)
U

d̃g1∗
s1,1 Uũg2

s2,1

) ]

1 = U
d̃g1∗
s1,1

 sW

(
δZũg2

1,s2Uũg2
1,1 + δZũg2

2,s2Uũg2
2,1

)
−(

2 (δsW)−
(
2 (δZe) + δZW + δZgg + 2

(
δZgs

))
sW
)

Uũg2
s2,1

+ sWUũg2
s2,1

(
U

d̃g1∗
2,1 δZ

d̃g1
2,s1 + U

d̃g1∗
1,1 δZ

d̃g1
1,s1

)

[SSVV] 2 Sleptons – 2 Gauge Bosons

C
352

(
ν̃g1, ν̃†g2, Z, Z

)
=

[
ie2δg1,g2

4c4
Ws3

W

(
4 (δsW) s2

W − c2
W

(
4 (δsW)− sW

(
2 (2 (δZe) + δZZZ) + δZν̃

1,1 + δZν̃
1,1

))) ]

C
353

(
ẽs1

g1, ẽs2,†
g2 ,γ,γ

)
=

[
ie2( 1 )δg1,g2

cWsW

]

1 =
(δZZγ)

((
1− 2s2

W

)
U

ẽg1∗
s1,1 U

ẽg1
s2,1 − 2s2

WU
ẽg1∗
s1,2 U

ẽg1
s2,2

)
+

cWsW

(
2δs1,s2 (2 (δZe) + δZγγ) + δs1,1δZẽg2

1,s2 + δs1,2δZẽg2
2,s2 + δs2,1δZ

ẽg1
1,s1 + δs2,2δZ

ẽg1
2,s1

)
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C
354

(
ẽs1

g1, ẽs2,†
g2 ,γ, Z

)
=

[
−

ie2δg1,g2

4c3
Ws2

W

(
2( 2 )sW − 4δs1,s2 (δZγZ) c3

Ws2
W + ( 1 )U

ẽg1∗
s1,1

) ]

2 = 2sWU
ẽg1∗
s1,2


sWc2

W

(
δZẽg2

1,s2U
ẽg1
1,2 + δZẽg2

2,s2U
ẽg1
2,2

)
+ (2 (δsW)− (δZZγ) cW) s2

W +

(2 (δsW) + (4 (δZe) + δZZZ + δZγγ) sW) c2
W

U
ẽg1
s2,2

+ c2
W

 (
1− 2c2

W

) (
δZ

ẽg1
1,s1U

ẽg1∗
1,1 + δZ

ẽg1
2,s1U

ẽg1∗
2,1

)
U

ẽg1
s2,1 +

2s2
W

(
δZ

ẽg1
1,s1U

ẽg1∗
1,2 + δZ

ẽg1
2,s1U

ẽg1∗
2,2

)
U

ẽg1
s2,2



1 = 2sW
(
1− 2c2

W

)
c2

W

(
U

ẽg1
2,1δZẽg2

2,s2 + U
ẽg1
1,1δZẽg2

1,s2

)
−U

ẽg1
s2,1

 (δZZγ) cW

(
1− 2c2

W

)2
+ (δsW)

(
4s2

W − 8s4
W

)
−

2
(
(δsW)

(
6− 4c2

W

)
+ (4 (δZe) + δZZZ + δZγγ) sW

(
1− 2c2

W

))
c2

W



C
355

(
ẽs1

g1, ẽs2,†
g2 , Z, Z

)
=

[
ie2δg1,g2

4c4
Ws3

W

(
( 2 )sW + ( 1 )

(
1− 2c2

W

)
U

ẽg1∗
s1,1

) ]

2 =

4

 sWc2
W

(
δZẽg2

1,s2U
ẽg1
1,2 + δZẽg2

2,s2U
ẽg1
2,2

)
+

2
(
(2 (δsW) + (2 (δZe) + δZZZ) sW) c2

W − (δZγZ) c3
W + 2 (δsW) s2

W

)
U

ẽg1
s2,2

 s3
WU

ẽg1∗
s1,2 +

 (
1− 2c2

W

)2 (
δZ

ẽg1
1,s1U

ẽg1∗
1,1 + δZ

ẽg1
2,s1U

ẽg1∗
2,1

)
U

ẽg1
s2,1 +

4s4
W

(
δZ

ẽg1
1,s1U

ẽg1∗
1,2 + δZ

ẽg1
2,s1U

ẽg1∗
2,2

)
U

ẽg1
s2,2

 c2
W

1 = sW
(
1− 2c2

W

)
c2

W

(
U

ẽg1
2,1δZẽg2

2,s2 + U
ẽg1
1,1δZẽg2

1,s2

)
− 2U

ẽg1
s2,1

 2
(
δsW + (δZγZ) c3

W

)
s2

W − 4 (δsW) s4
W−(

(δsW)
(

6− 4c2
W

)
+ (2 (δZe) + δZZZ) sW

(
1− 2c2

W

))
c2

W



C
364

(
ν̃g1, ẽs2,†

g2 ,γ, W−
)
=

 − ie2δg1,g2

2
√

2cWs2
W

 cWsW

(
U

ẽg1
1,1δZẽg2

1,s2 + U
ẽg1
2,1δZẽg2

2,s2

)
−

U
ẽg1
s2,1

(
(δZZγ) s2

W + cW
(
2 (δsW)− sW

(
4 (δZe) + δZW + δZγγ + δZν̃

1,1
)))

 

C
365

(
ẽs1

g1, ν̃†g2,γ, W+
)
=

 ie2δg1,g2

2
√

2cWs2
W

 U ẽg2∗
s1,1

(
(δZZγ) s2

W + cW

(
2 (δsW)− sW

(
4 (δZe) + δZW + δZγγ + δZν̃

1,1

)))
−

cWsW

(
U ẽg2∗

1,1 δZ
ẽg1
1,s1 + U ẽg2∗

2,1 δZ
ẽg1
2,s1

)
 

C
368

(
ν̃g1, ẽs2,†

g2 , Z, W−
)
=

 ie2δg1,g2

2
√

2sWc3
W

 sWc2
W

(
U

ẽg1
1,1δZẽg2

1,s2 + U
ẽg1
2,1δZẽg2

2,s2

)
−

U
ẽg1
s2,1

(
(δZγZ) c3

W − 2 (δsW) s2
W − sWc2

W
(
4 (δZe) + δZW + δZZZ + δZν̃

1,1
))

 

C
369

(
ẽs1

g1, ν̃†g2, Z, W+
)
=

 − ie2δg1,g2

2
√

2sWc3
W

 U ẽg2∗
s1,1

(
(δZγZ) c3

W − 2 (δsW) s2
W − sWc2

W

(
4 (δZe) + δZW + δZZZ + δZν̃

1,1

))
−

sWc2
W

(
U ẽg2∗

1,1 δZ
ẽg1
1,s1 + U ẽg2∗

2,1 δZ
ẽg1
2,s1

)
 
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C
370

(
ν̃g1, ν̃†g2, W−, W+

)
=

[
−

ie2δg1,g2

4s3
W

(
4 (δsW)− sW

(
4 (δZe) + δZW + δZW + δZν̃

1,1 + δZν̃
1,1

)) ]

C
371

(
ẽs1

g1, ẽs2,†
g2 , W−, W+

)
=

 ie2δg1,g2

4s3
W


sWU

ẽg1
s2,1

(
U

ẽg1∗
1,1 δZ

ẽg1
1,s1 + U

ẽg1∗
2,1 δZ

ẽg1
2,s1

)
+ sW

(
U

ẽg1
1,1δZẽg2

1,s2 + U
ẽg1
2,1δZẽg2

2,s2

)
−(

4 (δsW)− sW
(
4 (δZe) + δZW + δZW

))
U

ẽg1
s2,1

U
ẽg1∗
s1,1




[SSVV] 2 Squarks – 2 Gauge Bosons

C
356

(
ũs1

g1, ũs2,†
g2 ,γ,γ

)
=

[
2ie2( 1 )δg1,g2

9cWsW

]

1 =
(δZZγ)

((
3− 4s2

W

)
U

ũg1∗
s1,1 U

ũg1
s2,1 − 4s2

WU
ũg1∗
s1,2 U

ũg1
s2,2

)
+

2cWsW

(
δs1,s2 (4 (δZe) + 2 (δZγγ)) + δs1,1δZũg2

1,s2 + δs1,2δZũg2
2,s2 + δs2,1δZ

ũg1
1,s1 + δs2,2δZ

ũg1
2,s1

)

C
357

(
ũs1

g1, ũs2,†
g2 ,γ, Z

)
=

[
−

ie2δg1,g2

36c3
Ws2

W

(
4( 2 )sW − 16δs1,s2 (δZγZ) c3

Ws2
W + ( 1 )U

ũg1∗
s1,1

) ]

2 = 4sWU
ũg1∗
s1,2


sWc2

W

(
δZũg2

1,s2U
ũg1
1,2 + δZũg2

2,s2U
ũg1
2,2

)
+ (2 (δsW)− (δZZγ) cW) s2

W +

(2 (δsW) + (4 (δZe) + δZZZ + δZγγ) sW) c2
W

U
ũg1
s2,2

+ c2
W

 (
1− 4c2

W

) (
δZ

ũg1
1,s1U

ũg1∗
1,1 + δZ

ũg1
2,s1U

ũg1∗
2,1

)
U

ũg1
s2,1 +

4s2
W

(
δZ

ũg1
1,s1U

ũg1∗
1,2 + δZ

ũg1
2,s1U

ũg1∗
2,2

)
U

ũg1
s2,2



1 = 4sW
(
1− 4c2

W

)
c2

W

(
U

ũg1
2,1 δZũg2

2,s2 + U
ũg1
1,1 δZũg2

1,s2

)
−U

ũg1
s2,1

 (δZZγ) cW

(
1− 4c2

W

)2
− 8 (δsW)

(
1− 4c2

W

)
s2

W−

4
(
(δsW)

(
14− 8c2

W

)
+ (4 (δZe) + δZZZ + δZγγ) sW

(
1− 4c2

W

))
c2

W



C
358

(
ũs1

g1, ũs2,†
g2 , Z, Z

)
=

[
ie2δg1,g2

36c4
Ws3

W

(
( 2 )sW + ( 1 )

(
1− 4c2

W

)
U

ũg1∗
s1,1

) ]

2 =

16

 sWc2
W

(
δZũg2

1,s2U
ũg1
1,2 + δZũg2

2,s2U
ũg1
2,2

)
+

2
(
(2 (δsW) + (2 (δZe) + δZZZ) sW) c2

W − (δZγZ) c3
W + 2 (δsW) s2

W

)
U

ũg1
s2,2

 s3
WU

ũg1∗
s1,2 +

 (
1− 4c2

W

)2 (
δZ

ũg1
1,s1U

ũg1∗
1,1 + δZ

ũg1
2,s1U

ũg1∗
2,1

)
U

ũg1
s2,1 +

16s4
W

(
δZ

ũg1
1,s1U

ũg1∗
1,2 + δZ

ũg1
2,s1U

ũg1∗
2,2

)
U

ũg1
s2,2

 c2
W
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1 = sW
(
1− 4c2

W

)
c2

W

(
U

ũg1
2,1 δZũg2

2,s2 + U
ũg1
1,1 δZũg2

1,s2

)
− 2U

ũg1
s2,1

 (
6 (δsW) + 4 (δZγZ) c3

W

)
s2

W − 8 (δsW) s4
W−(

(δsW)
(

14− 8c2
W

)
+ (2 (δZe) + δZZZ) sW

(
1− 4c2

W

))
c2

W



C
359

(
d̃s1

g1, d̃s2,†
g2 ,γ,γ

)
=

[
ie2( 1 )δg1,g2

9cWsW

]

1 =
(δZZγ)

((
3− 2s2

W

)
U

d̃g1∗
s1,1 U

d̃g1
s2,1 − 2s2

WU
d̃g1∗
s1,2 U

d̃g1
s2,2

)
+

cWsW

(
2δs1,s2 (2 (δZe) + δZγγ) + δs1,1δZd̃g2

1,s2 + δs1,2δZd̃g2
2,s2 + δs2,1δZ

d̃g1
1,s1 + δs2,2δZ

d̃g1
2,s1

)

C
360

(
d̃s1

g1, d̃s2,†
g2 ,γ, Z

)
=

[
−

ie2δg1,g2

36c3
Ws2

W

(
2( 2 )sW − 4δs1,s2 (δZγZ) c3

Ws2
W − ( 1 )U

d̃g1∗
s1,1

) ]

2 = 2sWU
d̃g1∗
s1,2


sWc2

W

(
δZd̃g2

1,s2U
d̃g1
1,2 + δZd̃g2

2,s2U
d̃g1
2,2

)
+ (2 (δsW)− (δZZγ) cW) s2

W +

(2 (δsW) + (4 (δZe) + δZZZ + δZγγ) sW) c2
W

U
d̃g1
s2,2

− c2
W


(

2c2
W + 1

)(
δZ

d̃g1
1,s1U

d̃g1∗
1,1 + δZ

d̃g1
2,s1U

d̃g1∗
2,1

)
U

d̃g1
s2,1−

2s2
W

(
δZ

d̃g1
1,s1U

d̃g1∗
1,2 + δZ

d̃g1
2,s1U

d̃g1∗
2,2

)
U

d̃g1
s2,2



1 = U
d̃g1
s2,1

 (δZZγ) cW

(
2c2

W + 1
)2

+ 4 (δsW) s2
W

(
2c2

W + 1
)
−

2c2
W

(
(δsW)

(
10− 4c2

W

)
− (4 (δZe) + δZZZ + δZγγ) sW

(
2c2

W + 1
))

+ 2sWc2
W

(
2c2

W + 1
) (

U
d̃g1
2,1δZd̃g2

2,s2 + U
d̃g1
1,1δZd̃g2

1,s2

)

C
361

(
d̃s1

g1, d̃s2,†
g2 , Z, Z

)
=

[
ie2δg1,g2

36c4
Ws3

W

(
( 2 )sW + ( 1 )

(
1 + 2c2

W

)
U

d̃g1∗
s1,1

) ]

2 =

4

 sWc2
W

(
δZd̃g2

1,s2U
d̃g1
1,2 + δZd̃g2

2,s2U
d̃g1
2,2

)
+

2
(
(2 (δsW) + (2 (δZe) + δZZZ) sW) c2

W − (δZγZ) c3
W + 2 (δsW) s2

W

)
U

d̃g1
s2,2

 s3
WU

d̃g1∗
s1,2 +


(

2c2
W + 1

)2
(
δZ

d̃g1
1,s1U

d̃g1∗
1,1 + δZ

d̃g1
2,s1U

d̃g1∗
2,1

)
U

d̃g1
s2,1 +

4s4
W

(
δZ

d̃g1
1,s1U

d̃g1∗
1,2 + δZ

d̃g1
2,s1U

d̃g1∗
2,2

)
U

d̃g1
s2,2

 c2
W

1 = 2U
d̃g1
s2,1

 2
(

3 (δsW) + (δZγZ) c3
W

)
s2

W − 4 (δsW) s4
W−

c2
W

(
(δsW)

(
10− 4c2

W

)
− (2 (δZe) + δZZZ) sW

(
2c2

W + 1
))

+ sWc2
W

(
2c2

W + 1
) (

U
d̃g1
2,1δZd̃g2

2,s2 + U
d̃g1
1,1δZd̃g2

1,s2

)
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C
362

(
ũs1

g1, d̃s2,†
g2 ,γ, W−

)
=

[
ie2

6
√

2cWs2
W

(
( 1 )CKM∗g1,g2 + 2cWsWU

ũg1∗
s1,1 Ud̃g2

s2,1δCKM∗g1,g2

) ]

1 = U
ũg1∗
s1,1

 cWsW

(
δZd̃g2

1,s2Ud̃g2
1,1 + δZd̃g2

2,s2Ud̃g2
2,1

)
−(

cW (2 (δsW)− (4 (δZe) + δZW + δZγγ) sW) + (δZZγ) s2
W

)
Ud̃g2

s2,1

+ cWsWUd̃g2
s2,1

(
U

ũg1∗
2,1 δZ

ũg1
2,s1 + U

ũg1∗
1,1 δZ

ũg1
1,s1

)

C
363

(
d̃s1

g1, ũs2,†
g2 ,γ, W+

)
=

[
ie2

6
√

2cWs2
W

(
( 1 )CKMg2,g1 + 2cWsW

(
δCKMg2,g1

)
U

d̃g1∗
s1,1 Uũg2

s2,1

) ]

1 = U
d̃g1∗
s1,1

 cWsW

(
δZũg2

1,s2Uũg2
1,1 + δZũg2

2,s2Uũg2
2,1

)
−(

cW
(
2 (δsW)−

(
4 (δZe) + δZW + δZγγ

)
sW
)
+ (δZZγ) s2

W

)
Uũg2

s2,1

+ cWsWUũg2
s2,1

(
U

d̃g1∗
2,1 δZ

d̃g1
2,s1 + U

d̃g1∗
1,1 δZ

d̃g1
1,s1

)

C
366

(
ũs1

g1, d̃s2,†
g2 , Z, W−

)
=

[
− ie2

6
√

2sWc3
W

(
( 1 )CKM∗g1,g2 + 2sWc2

WU
ũg1∗
s1,1 Ud̃g2

s2,1δCKM∗g1,g2

) ]

1 = U
ũg1∗
s1,1

 sWc2
W

(
δZd̃g2

1,s2Ud̃g2
1,1 + δZd̃g2

2,s2Ud̃g2
2,1

)
+(

(4 (δZe) + δZW + δZZZ) sWc2
W − (δZγZ) c3

W + 2 (δsW) s2
W

)
Ud̃g2

s2,1

+ sWc2
WUd̃g2

s2,1

(
U

ũg1∗
2,1 δZ

ũg1
2,s1 + U

ũg1∗
1,1 δZ

ũg1
1,s1

)

C
367

(
d̃s1

g1, ũs2,†
g2 , Z, W+

)
=

[
− ie2

6
√

2sWc3
W

(
( 1 )CKMg2,g1 + 2sW

(
δCKMg2,g1

)
c2

WU
d̃g1∗
s1,1 Uũg2

s2,1

) ]

1 = U
d̃g1∗
s1,1

 sWc2
W

(
δZũg2

1,s2Uũg2
1,1 + δZũg2

2,s2Uũg2
2,1

)
+((

4 (δZe) + δZW + δZZZ
)

sWc2
W − (δZγZ) c3

W + 2 (δsW) s2
W

)
Uũg2

s2,1

+ sWc2
WUũg2

s2,1

(
U

d̃g1∗
2,1 δZ

d̃g1
2,s1 + U

d̃g1∗
1,1 δZ

d̃g1
1,s1

)

C
372

(
ũs1

g1, ũs2,†
g2 , W−, W+

)
=

 ie2δg1,g2

4s3
W


sWU

ũg1
s2,1

(
U

ũg1∗
1,1 δZ

ũg1
1,s1 + U

ũg1∗
2,1 δZ

ũg1
2,s1

)
+ sW

(
U

ũg1
1,1 δZũg2

1,s2 + U
ũg1
2,1 δZũg2

2,s2

)
−(

4 (δsW)− sW
(
4 (δZe) + δZW + δZW

))
U

ũg1
s2,1

U
ũg1∗
s1,1




C
373

(
d̃s1

g1, d̃s2,†
g2 , W−, W+

)
=


ie2δg1,g2

4s3
W


sWU

d̃g1
s2,1

(
U

d̃g1∗
1,1 δZ

d̃g1
1,s1 + U

d̃g1∗
2,1 δZ

d̃g1
2,s1

)
+ sW

(
U

d̃g1
1,1δZd̃g2

1,s2 + U
d̃g1
2,1δZd̃g2

2,s2

)
−(

4 (δsW)− sW
(
4 (δZe) + δZW + δZW

))
U

d̃g1
s2,1

U
d̃g1∗
s1,1




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[SSVV] 2 Squarks – 2 Gluons

C
460

(
ũs1

g1, ũs2,†
g2 , g, g

)
=

 (1
2

ig2
sδg1,g2

) 2δs1,s2
(
2
(
δZgs

)
+ δZgg

)
+ δs1,1δZũg2

1,s2 + δs1,2δZũg2
2,s2 +

δs2,1δZ
ũg1
1,s1 + δs2,2δZ

ũg1
2,s1

((Tg3Tg4)c2,c1 + (Tg4Tg3)c2,c1

) 

C
461

(
d̃s1

g1, d̃s2,†
g2 , g, g

)
=

 (1
2

ig2
sδg1,g2

) 2δs1,s2
(
2
(
δZgs

)
+ δZgg

)
+ δs1,1δZd̃g2

1,s2 + δs1,2δZd̃g2
2,s2 +

δs2,1δZ
d̃g1
1,s1 + δs2,2δZ

d̃g1
2,s1

((Tg3Tg4)c2,c1 + (Tg4Tg3)c2,c1

) 

[VVVV] 4 Gauge Bosons

C
39

(
γ,γ, W−, W+

)
=

ie2

sW
(cW (δZZγ) + sW (2 (δZe) + δZW + δZγγ))



−2

1

1



C
40

(
γ, Z, W−, W+

)
=

ie2

cWs2
W

(
2 (δsW)− cW

(
cWsW (4 (δZe) + 2 (δZW) + δZZZ + δZγγ) + (δZZγ) c2

W + (δZγZ) s2
W

))


1

−1
2

−1
2



C
41

(
Z, Z, W−, W+

)
=

ie2

s3
W

(2 (δsW)− cWsW (cW (2 (δZe) + δZW + δZZZ) + sW (δZγZ)))



2

−1

−1



C
42

(
W−, W−, W+, W+

)
=

ie2

s3
W

(δsW − sW (δZe + δZW))



−4

2

2


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[VVVV] 4 Gluons

C
448
(g, g, g, g) = 2ig2

s
(
δZgs + δZgg

)


−
(

f g1,g3,x f x,g2,g4
)
+ f g1,g4,x f x,g3,g2

−
(

f g1,g2,x f x,g3,g4
)
− f g1,g4,x f x,g3,g2

f g1,g2,x f x,g3,g4 + f g1,g3,x f x,g2,g4


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