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1 Fields
1.1 Gauge Fields

Name | SU(N) | Coupling Name
B U(1) g1 hypercharge
1474 SU(2) g2 left
g SU(3) g3 color

1.2 Matter Superfields

Name | Spin | Generations | (U(1l) ® SU(2) ® SU(3))
Hd | © 1 (—3,2,1)
Hu 0 1 (3,2,1)
q 3 3 (§:2,3)
l 3 3 (-4.,2,1)
d i 3 (3,1,3)
u i 3 (-2,1,3)
e z 3 (1,1,1)
2 Lagrangian
2.1 Input Lagrangian for Eigenstates GaugeES
L=0 (1)
2.2 Gauge fixing terms
2.2.1 Gauge fixing terms for eigenstates ’GaugeES’
Lor = — S10.BP265" — S10,gPe — SlawPe) 2
GF = 2|u ¢p 2|/Ag|‘59 2|u I“Ew (2)

2.2.2 Gauge fixing terms for eigenstates >EWSB’

1 1 L , _
Lar = = 5104917, = 510,916 = |5 g2vcon; (Hdm) Ewr + O WP
_1l
2

5 (28#Z + A%¢E, (91 sin Ow + g cos G)W)) |2§§1 (3)



2.3 Fields integrated out

None

3 Renormalization Group Equations

3.1 Gauge Couplings

g0 =2t W
5

50 — 91 (18092 + 20867 — 25T (Yo} ) + 44063 - 751 (Yo} ) 851 (v, (5)

B = —3g3 (6)

52 fQQ (mogg + 1298 = 15T (Yav] ) = 15T (voY]) = 5T (YY) + 80g3) (7)

By = =743 ®

5@ = —%g%( — 1197 +20Tr (Yay] ) + 20T (Y, Y] ) + 26003 — 453) )

3.2 Quartic scalar couplings

Combaas = 2Lambda5Tr(Y.Y] ) + 4Lambdal Lambda5 + 4Lambda2Lambda’ — ALambdad Lambda’ + 6 Lambda5Tr (YaY] ) + 6La
(10)

() 1413

57 231
Lambdas = T 5 200 L mbdab + —OgngLambdaE) — ?g Lambda5 — Eg LambdalLambdaE) — 28 Lambdal® Lambda’b — Egl 2Lar

24
— 59 2 Lambda4 Lambda5 — 3693 Lambda4 Lambda’ + 8 Lambdal Lambda4 Lambdab + 8 Lambda2 Lambda4 Lambdab + 20.

1 17 15
+4 (1595 41562 + 16( — 2Lambdal — 2Lambda3 + Lambda4))Lambda5Tr (YSYJ) + gt Lambda5 Ty (Y YT) + gL

+ 40¢2 Lambda5Tr (Y i ) - 24Lambda1Lambda5TT(YuYJ> — 24Lambda3Lambda5Tr (YuYJ ) + 12Lambdad Lambda5Tr

1
+ 3Lambda5Tr (Yde YUYJ) — 5 LambdasTy (YEYJYEYJ) _ gLambda5Tr (YUYJYUYJ) (11)

27 9 9, 9
(Lla)mbda1 +— 5007 gt + 2091 g5+ 892 5g?Lambda1 — 992 Lambdal + 24Lambdal® + 2Lambda3? + 2Lambda3Lambda4 + Lambd

n 12Lambda1Tr( ) — 6Tr (YdY Y, ) — Ty (Y,YT Y, Y*) — 6Tr( YY1, YT) (12)
2
2

2 3537 1719 303 291 1953 117 51 108
(La)mbda1 ~ 50007 100 ———gigs — =09 gi g5 + 1—6g§ +— 500 7 gt Lambdal + 20 ——gig5 Lambdal — ggQLambdal + 5 — g7 Lambdal?

9 15 9
+ — 10 gt Lambda3 + ?gQLambdaS + Egl ? Lambda3? + 1295 Lambda3® — 20 Lambdal Lambda3? — 8 Lambda3® + 2—091 1 Lam



— 20Lambdal Lambda3 Lambda4 — 12Lambda3?® Lambda4 + gg%Lambdaél2 + 3g5 Lambda4® — 12 Lambdal Lambda4* — 16.

1
+— ( - 5(64Lambda1( ~5g2 + 9Lambda1) — 90g2Lambdal + 993) +9g4 + g2 (50Lambda1 + 54g§))Tr (YdYT)

20
230 (1591 — 22 (1192 + 25Lambda1> + 5( — 10g2Lambdal + 64Lambdal? + gg))Tr(YeYT ) 1(7)(1) giTr (Y YT)
+ ?ggngTr(Y YT) - ngTr(Y YT) —glLambdalTr<Y YT) ngLambdalTr (Y YT)

+ SOggLambdalﬂ(Yqu ) _ 144Lambdal Tr(YuYJ ) +: ngr(YdYTYdY ) - 32g§Tr<Yde Yo )
- 3Lambda1Tr(Yde YY) ) - 42Lambda1Tr(YdeT Y, v} ) - Eg%’I&r(YGYJ vy} ) Lambdal’I&r( Y.YIY.Y] )
=S e (vyivyt) — 3202 T (Va Y VavT) — 8Lambdal Tr (Y, YV, Y1) + 30T (Vav i VaY i vay)

591 Uty TuTy g3 uty tuty Uty futy dtgtdltgtdly

46Ty (Yde YY)y, v ) — 12Ty (YdeT Y, Yivy) ) —6Tr (YdeT Y, Y}y, Y )

10Ty (YeYteYj VAR ) + 30”&(Yqu YuYJYqu) (13)
Combaas = 2LambdadTr (Y.Y]) + 4Lambdal Lambda4 + 4Lambda2Lambdad + ALambda4? + 6LambdadTr (VY] ) + 6 LambdadT
(14)
42 141 12 2
(LQa)mbda4 = +% gigs + ggfgé — 69393 Lambdal — 6g} g3 Lambda2 — gglggLambdai’) + TosgilL mbda4 + 2—099192Lambda4 ~

24 24 12
+ ggfLambdalLambdaél — 28 Lambdal® Lambda4 + 5 g%LambdaQLambdaél — 28 Lambda2? Lambda4 + gg Lambda?)L(
48
— 40Lambda2Lambda4® — 28 Lambda3Lambdad® — 4 2 Lambda5® — 5443 Lambda5® 4 48 Lambdal Lambdab? + 48 Lambc

45
+ (4(1Og§Lambda4 — 3Lambda4? — 6 Lambdal Lambda4 — 6 Lambda3Lambdad + 6Lambda52) + ~L g3 Lambdad + gf( -

15 15 33
+ ( - 4(2Lambda1Lambda4 + 2Lambda3Lambda — 2Lambdas? + Lambda42) — 3 Lambdad + g} ( 1 Lambdat — =

1 4
+ 27 2 LambdadTx (Y v ) + Z5 2 LambdadTr (Y YT) + 40¢2 LambdaATr (Y YT) — 24Lambdal LambdadTr (YuYJ ) — 24

2
— 12Lambdad® T (Y, Y, ) + 24Lambdas®Tr (Y, Y] ) - ;LambdaélTr (vavivar]) +27Lambdaste (vay v,v}) - ngm

2
T mbdadTy (YUYJ Y,V ) (15)
2
27 9 9 9
(Llazmbda?) 100 g+ 10g1 g5+ Zgg — ggfLambdaZi — 9g5 Lambda3 4 12 Lambdal Lambda3 + 12Lambda2Lambda3 + 4 Lambda3?
¥ 2Lambda3Tr(Y v ) + 6Lambda3Tr(YuYJ ) (16)
2 3537 1719 303 291 27 45 27 .
(La)mbda3 ~7000”" ~ 2007 gigs — 109 gigy + ?gg + — 107 gt Lambdal + 3g7 g3 Lambdal + > —gsLambdal + Tog‘fLambdaQ + 3gig:
1773 57 , 111 4 72 o
+ 2—00g 1Lambda3 + 2091 g5 Lambda3 — ?92 Lambda3 + Egl ? Lambdal Lambda3 + 72g3 Lambdal Lambda3 — 60 Lambd



2
B(Lla)mbdw = 24Lambda2® + 2Lambda3® 4+ 2Lambda3Lambda4 — 992 Lambda2 + —— 7

(2)

Lambda2 = ~900091 ~ 400 9192 7 g 9192 T 7692 T 900 9

1 2
— 72Lambdal Lambda3® — 72Lambda2 Lambda3® — 12 Lambda3® + 1291 Lambda4 — 3g3g3 Lambda4 + gggLambdaél + =

12
— 1295Lambda3Lambda4 — 32Lambdal Lambda3Lambda4 — 32Lambda2 Lambda3Lambda4 — 4 Lambda3? Lambda4 + !

— 84Lambda2 Lambdab® — 66 Lambda3 Lambda5® + 4Lambda4 Lambdab>
1

+ 20 ( 5( 4592 Lambda3 + 8( 2093 Lambda3 + 3 (2Lambda32 + 4Lambdal (3Lambda3 + Lambda4) + 5Lambdab? -

1
20

1
+ fi G2g3Tr (Yqu> - gggTr(YuYJ ) {glLambda?)Tr(Y v ) —592Lambda3Tr(Y v )

+ 4092 Lambda3Tr (Y v ) — 72Lambdal Lambda3Tr (YUYJ ) — 12Lambda3*Tr (YUYJ ) - 24Lambda1Lambda4Tr(YuYJ)

( 3¢ (2292 + 25Lambda3) +45¢% + 5( 15¢2 Lambda3 + 3¢4 + 8(2Lambda32 + 4Lambdal (3Lambda3 + Lambd

2

— 30Lambda5®Tr (Y, Y, ) - gLambdaZ&Tr (vavivar]) = 21LambdasTe(Yay vy} ) - 24LambdadTe (Yay v,y
9 27

— 5 Lambda3Tx (YeYJYeYj) — 5 Lambda3Tr (Yuyjyuyj) (17)

9 9
18

8537 o 1710 4, 303, 4 20 o 1953,
T 1

11 1
mbda2 + 2—0791 g5 Lambda2 — 5gggLambda? + ggfLambdaQ2

1 12
gg1 Lambda3 + EQQ Lambda3 + =0 2 Lambda3® + 12932 Lambda3? — 20 Lambda2 Lambda3® — 8 Lambda3® + %gl Lam

— 20Lambda2Lambda3 Lambda4 — 12Lambda3?® Lambda4 + gg%Lambch2 + 3g5 Lambda4® — 12 Lambda2 Lambda4* — 16.
~ 6(2Lambda3? + 2Lambda3Lambdad + Lambda4® + Lambdas® ) Tr (VoY) - 2(2Lambda3? + 2Lambda3Lambdad + L

— 6Lambda4®Tr (YuYJ ) — 6Lambda5>Tr (YUYJ ) (19)

3.3 Yukawa Couplings

(1)

(2)
Ye

5Y YV, 4+ Y. (31&(1@1/*) + :m(y YT) - zgl - ggz + Tr(Y YT)) (20)

3
=+—(40v.Y V. Y]Y,
+80( [ e

FY,Y]Y, (1zgg§ — 180 Tr (YdYT) — 180 Tr (Y YT) +225¢2 — 320Lambdal — 60Tr (Y vi )))

+Y, (1;0409 1+ 2; 195 — 241 5 + 6Lambdal® + Lambda3® + Lambda3Lambdad + Lambdad® + Lambda52 3 (32g§ + 995 4
+ %(gl +g3) T (vev) + §7 2T (Y, ) > 2Tr(Y V) + 2003 (Y,
— %H(YdYJYdY;) n gT‘r(YdeYqu) — %TY(YEYJYEYJ) - gTr(YuYJYuYJ)) (21)



= 3(6( ~VaYYa+ Yoy [Ya)
v, ( — 12T (Yav] ) = 12Te (VoY) ) + 3268 — 4Te (VoY) + 995 + 63)) (22)
B = +@ (20(115@1@T Y V1Y, — AV, Y Y Y]V, + 6Y,Y VY] v, — YdY;YquYd)

YV, (1280g§ ~ 180Tr (YEYJ) +187¢% — 540Tr (YdeT ) - 540Tr(YuYJ ) +675g2 — 960Lambda1)

LYY Y, (100Tr (Y v ) — 128092 + 300Tr (Yde ) +300Tr (YuYJ ) + 4562 — 79gf))

11 27 21 1
+ Yd( 60?) 1 20 92 — Z 3 + %glgg + 99§g§ — 108g§l + 6Lambdal? + Lambda3? + Lambda3Lambdad + Lambda4® + g
5 15 17 45
+3 (3293 1962+ gl)ﬁ(Yde) + 5 (g1 + 92>Tr(YeYJ> + gngr(YuYuT) + §ggﬂ(yuyj)
27 9 27
2 [ T T e T Yy _ 2 T Ty 2% T T
+ 2093T‘r(YuYu) - Tr(Yde Yde) + 2Tr(Yde YuYu) 4%(}@1@ YeYe) - Tr(YuYu YuYu>) (23)
3
B = =2 (- vavivi + vavfv,)
17 , 9
+Y, (3Tr(YdeT) + 3Tr(YuYJ) 803 — o9t — 9+ Tr(YY )) (24)

1
(2 _ +5 (20(111/0leT Y, Y]Y, — 4V Y)Y, YIY, + 6V, YV, Y]Y, YUYJYdeYu)

+Y,Y [V, (128093 — 180T (Yov ) + 2239 — 540Te (Yay] ) — 540Te (Y, ¥, ) + 67563 — 960Lambdal )

+YY]Y, (100Tr (Yeyg ) — 1280¢2 + 300Tr (Ydyj ) + 300Tr (Yuyj) —43¢2 + 45g§))

12 21 , 1
+Y, ( 60607 2%9ng 1 g% + 129193 + 99293 1089§ + 6Lambdal? + Lambda3? + Lambda3Lambda4 + Lambda4d® + gL
1 1 4
+ 2(3293 +9g2 + g%)Tr (Yde) 85 (g1 + gQ)Tr(Y YT) 87g§Tr(Y YT) ggSTr(YuYJ)
27 27
+ 209§Tr(YuYJ ) - ZTr(YdeT YY) ) + 5Tr(ydyj Y,V ) - ZTr(YeYJ VAL ) - ZTr(YuYJYuYJ)) (25)

3.4 Scalar Mass Terms

9 9
ﬁgg = —I—Og%m?{d — 5g%m%d + 12Lambda1m%1d + 4Lambda3771%,u + 2Lambda4quu + 6m%{dTr(YdeT) + Qm%dTr(YeYeT)
Hy
+6m, Tr(Y v ) (26)
1737 4 9 123 72
5’(73%1 = +mg :;-Id + ggfggm%d — 1—693771%{ + =90 LambdalmH + 7293 LambdalmH 60Lambda12mild — 2Lambda32mila
d

9 15 24
— 2Lambda42m?{d — 3Lambda52m?{d + Togfm?{u + Eggm%[u + ggfLambdaBm%{u + 24g§Lambda3m%{u — 8Lambda32quu

1
+ 12g§Lambda4m?{u — 8Lambda3Lambda4m%{u — 8Lambda42m§1u — 12Lambda52m§qu + 1 (160g§ — 288 Lambdal + 4593 + .



1 4
+ §( ~ 32Lambdal + 563 + 563 ), Tr (Vo] ) + {gfm%{dTr (vuvd) + 15 o2, Tr (vuvy)

4 4
2
+40g2m3 Tr (YuYJ ) — 72Lambdalm?, Tr (YuYJ ) - ;mfngr (Ydyj YY) ) — 21m% Tr (Ydyj YuYJ)
9 27
— 5mh, Tr(Y Yl YT) m3, Tr (YuYT Y,V ) (27)
ﬂfi%{ = 2Lambda4m% + 4Lambda3m%{d 0 (15g2 + 397 — 40Lambda2> m%[u (28)
1 24 12
ﬁfj%{ = —1—% m% .t 2592m%,d Lambda3mH + 2492Lambda3mH - 8Lambda32de —gzLambdaZlm%,d + 1292 Lambd,
9 9 2 1737 4 9545 9 123 , m?, 72
— 8Lambdad™my, — 12Lambdab de 200 1mH + SgngmH ~ g %2™Mu LT —glLambdanH + 7292Lambda2mH

— 60Lambda22m%[u — 2Lambda32mi1u — 2Lambda3Lambda4quu — 2Lambda42mHu — 3Lambda52mHu — 12(2Lambda3 + 1

— 24Lambda3m?, Tr (YuYuT ) — 12Lambdadm?, Tr (YuYJ ) (29)

3.5 Vacuum expectation values

1) — —
& 20

B2 = %v( — 135991 — 27097 g2 + 622595 — 4800 Lambdal?® — 800 Lambda3® — 800 Lambda3Lambda4 — 800 Lambda4® — 1200 Lan

(15g§Xi — 20Tt (Yeyg ) +3¢2Xi + 45¢2 — 60Tr(YdeT ) — 60Tr (YuYJ ) + 9g§) (30)

+18¢4Xi% + 180g2¢2Xi% — 450¢4Xi2 — 20 (4595 (2Xi + 5) +800g2 + ¢2 (18Xi n 25))Tr (YdeT)
- 60(595 (2Xi + 5) +g? (2Xi + 25))Tr<yeyj) - 17009%Tr(yuyj) - 450093Tr(yuyj)
- 16000g§Tr(YuYJ ) — 360g2XiTr (YuYJ ) — 1800¢2XiTr (YuYJ ) + 5400Tr(Yde Yde)

— 1200Tr (YdY;Yqu ) + 1800 Tr (YGYJYEYJ ) + 5400Tr (YuYJ Y, v} )) (31)

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

(1) ()

W3, Z,

(2)- (%)
Wa, W



The mixing matrices are parametrized by

sin©Ow  cos Oy
1 1
L ;L
V2

4.2 Rotations in Mass sector for eigenstates ’EWSB’

7 _ < cos Oy —sin O )

N

[\v]

4.2.1 Mass Matrices for Scalars
e Mass matrix for Charged Higgs, Basis: (Hup,conj (Hdm)) , (conj (Hup),Hdm)

1 (Lambda?) + Lambda4) v? +mi; 0

0 Lambdalv? + m%{d

) (o o
m (£W+) - ( O iggvz )

+. 2 +,7 dia
ZTmiyg -2 =my 'y -

2

my- = +Ewrm? (W)

Gauge fixing contributions:

This matrix is diagonalized by Z+:

with

Hup = Y ZHH; Hdm =Y Z,Hf
J J

4.2.2 Mass Matrices for Fermions

e Mass matrix for Down-Quarks, Basis: (dL ({cml})) , (conj (dR({cnl})))

mq = ( %Uyd(;alﬂl )
This matrix is diagonalized by U¢ and U%
UEI’*7TLC[U1,(§5Jr = mdie
with

dL({gtl, ctl}) = UgjjiDL({th,ctl})
dR({gtl,ctl}) = Z U%ijconj (DR({th, ctl}))

10

(36)

(37)

(42)

(43)

(44)

(45)



e Mass matrix for Up-Quarks, Basis: (uL ({cml})) , (conj (uR({cnl})))

My, = ( %quéalgl )
This matrix is diagonalized by U} and Uy

Uz,*mu U}%aT — m(iia
with

uL({gtl, ctl}) = Z Up 5 UL ({gt2, ctl})
uR({g‘tl, ctl}) =Y U, conj (UR({th,ctl}))

e Mass matrix for Leptons, Basis: (eL), (conj (eR))

_(
me=( Jo. )
This matrix is diagonalized by Uy and Uj
US*m Ugt = mdia
with

eL({gtl}) =Y U EL ({gt2})
eR({gtl}) =Y Uj,, conj (ER({th}))

5 Vacuum Expectation Values

1 1 1
Hd0 = —h+ —v+i—=A"

V2 V2 V2
1 1
Hu0=—H +i—A°
u \/i Zﬂ

6 Tadpole Equations

ov 9 9
o U(Lambdalv + de>
ov

o~

7 Particle content for eigenstates ’EWSB’

11



Name Type complex/real Generations Indices

A0 Scalar real 1

h Scalar real 1

A0 Scalar real 1

H Scalar real 1

H- Scalar complex 2 generation, 2

v Fermion Dirac 3 generation, 3

d Fermion Dirac 3 generation, 3, color, 3
U Fermion Dirac 3 generation, 3, color, 3
e Fermion Dirac 3 generation, 3

g Vector real 1 color, 8, lorentz, 4
¥ Vector real 1 lorentz, 4

Z Vector real 1 lorentz, 4

W+ Vector complex 1 lorentz, 4

n¢ Ghost real 1 color, 8

n? Ghost real 1

n? Ghost real 1

nt Ghost complex 1

n- Ghost complex 1

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

8.1 One Loop Self-Energy
e Self-Energy for Charged Higgs (H )

1 * 1 *
I ;(p?) = +4( — 5tMS + Bo (P27 0, m%w))rg;,wwrgj,wm + 4( — 5tMS + Bo (pQ, m%v+7m2z)) it zw L i zwe
— Do (pZ’ mfiz’m%*)rﬁﬁnlvnzrfl]min} —Bo <p2’m%*’mgz)rﬁj,n%,n+rﬁj,nz7nl
1 1 1
1

2 * 2 2 2
- QAO(mh)FH.* Hj h,h +Fg+ W+ AUFH,+ W+ AOFO(p ,on,mW+)
1 LARe] 3o 9 i 9

* 2 2 2 * 2 2 2
+ Ut e a0l it we a0 Fo (p s M g0, mw+> + Ut we gLt we mfo (P 7mvaw+>
J’ ’ 3 Pl El El
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1
+ Tyt e nLiir v o (P2 mi s ) + 405 g e (= 5rMSm + Ao (b))

2
1 *
27 ( g MSmZ + 4o (%)) + 22 Bo(p w03k iy VA A0
a=1
2

2
+ZBO(p2,mZa,,m§{) B oH- wlar Hy H+ZBO<p m *’mh) Y H wLar mon
FH: ;

a=1 a=1

2
— Ag(m? )T 4- 5
o\"u; )t Ay mfaE HY
a=1

L
GZmd ZBO (p Mg, m )m“b (FH+ FRY T FH+ da ,ubrﬁ?,c?mw)
a=1

3 3

JrSZZGO (p mg,,m )(Fé* da,ubrf?jd&,ub +FZ* da,ubFRIéI:',Ja,ub>
a31b 1 .
— QZmea ZBO (p me ,m;, )me (FHﬂea ybrfﬁ,ea,ub +FH+ Ea ubFILij,éa,ub)
.
3 Go(p2m2 2 ) (D5 oD s + TR T )
a21b 1
+ZFH+,7 H,I‘H+7,Y HfFo(p m?2 He ) +ZFH+ ZH’FH+ ZH—Fo(p mi,,m%) (58)

e Self-Energy for Down-Quarks (d)

2 3
S 2 Lx R
i +ZZB°(p M, My )FdJ,HQ ™G bt
a=1 b=1

3
2 L R 2 2 2 Lx R
+ By (p mdbamA(’)F A0 dy ma, FJi,AO}db + E :BO (p ’mdwmh)rdj,h dy Md, ini,h7db
b=1 b=1

-

3
16 1 . 1 .
S (s ) a3 (B )

dj,,dp d;,y,dy
b=1 b=1
> 1
E 2 2 Rx* L
4 ) TMS + Bo (p 7md”’mZ))FJpZ?dbmdeJi,Z,db
b=1

—rMS + BO (p mub7 mW+))FR7>iW Ub FCLII“W*,UI, (59)

2
1
2 3
2 2 R+ R
Z Z By (p 2 My, M )Fd] JHI ,ubrd_i,H;r,ub
a=1

13



1
1 2 2 2 \pRs R Rx R
2 Z B (p 1My on>1“ dy,40.d, Y d A0, Z By (p M, mh>rdj,h ao Y ooy

b—1
P O TS AL
3b:1 1{P Mg, tij,g,dh 1,gdh 1\P Mg, dj,y,dy diyy,dy
3
- B (p2vm?lbvm22>rcL7;Z,de§i,z,db ZBl (p m“b’mW+>FL*,W*,ubF§i,Wﬂub (60)
b—1
L9 1 2 2 2 9 2 Lx L
i50%) = 3 2;31 (p 7mub?mH;>Fjj’Ha ,udeI,Ha w
a=1 b=
1o 2 2 2 Lx L Lx L
a 5231 (P vmdb7mA°>Fd 40.,5d, 40,0, ~ ZBl (p mdb’mh>rdmh 2V hd,
b—1
_42338(21712 O)F’?* ZB( my O)F re
3b:1 1\p,mg,, Jj;g,db 1,g dy 1\p,mg,, djy,dy diyy,ds
3
- ZBl (pQ’m357m2z)rg:z,dbrgi,z,db - ZBI (pg’ mib’m%’“)rg:wiubrgwﬂw (61)
b—1 b—1

e Self-Energy for Up-Quarks (u)

2 3
Lx R
+ZZ Bo (p mdb’ H, )FUJ,Ha ,dbmdbrﬁi,Hr:;db

a=1 b=1
3 3
Lx R Lx R
+2_ Bo (pz’ M, mi\“)Fﬁj,AO,ubmume,AO,ub +2_Bo (pQ’ M mi)rﬁijm“bFﬁwh»ub
b=1 b=1
16 & 1 3
R L R+ L
? Z ( 5 rMS + BO (p mub’ 0)>Fﬁj’g’ubmubfii7g’ub — 42 ( — *TMS + BO (p mub7 0>>FUJ Y, Ub “brﬁi;’Y:Ub
b=1 b=1
3
1 *
—4 Z ( §rMS + Bo (va mﬁb ) m%ﬁ))ng,wtdbmdbri,wtdb
b=1
° 1
— a3 (= M8+ Bo (v w2, m3 ) )TE T (62)
b=1
1238
R 2\ Rx* R
2iP7) = ) 225 (p mg,, m )Fu],Ha Vi
a=1b=1
3 3
_EZB 2 2 2 I\R* FR _EZB 2 2 FR* FR
2 1\ D5 My, M40 Uy, A% up ™ Uy, A0 up 2 L\P"s My, , M g, hyup ™ by
b=1 b=1
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3
4 2 L L L L
g Z Bl (p m“b ’ 0) Fﬁj7gaubrul7g Up Z Bl (p m"b’ 0) Fuy*x“/ ubrﬁu%uh
=1 b=1
3 3
2 2 2 2 Lx L
- ZBI (p ,mdb,mW+)F W dem,W+ dp ZBI (p mUb7mZ>Fu Z,Ttbrﬁi,z,ub (63)
b=1 b=1
2 3
EL ( 2) EZ Z B m FL* FL
ij\P 2 1(p* ma, mi Gy, Hy dy s Ha oy
a=1 b=1
1< 1
2 2 2 Lx L 2 2 2\ L* L
— 5 Z B, (p s M s on> ﬁj,AO,ubFﬁi,AO,ub — 5 Z By (p y Moy s mh)ru“h,ubrﬁ,,h,ub
b=1 -
13
2 2 Rx* Rx* R
- g By (p » My, 0) Pﬁjﬁhub Uirg,up Z By (p m“b7 0) F“J x’WubF’iiv'Yvub
b=1
3 3
Rx R R R
- Z By (p2, mflb,mf,v+>F W+ deul,W+ dy Z By (p mibv mZ)Fu_*Z,ubFﬁi,Z,ub (64)
b=1 b=1
e Self-Energy for Leptons (e)
2 3
S /.2 2 2 Lx R
Z’i;j (p ) =+ Z Z By (p my,,m )FPJ,HJ,meVbFEi,HI,yb

b= b=1

3

1 *

7MS—|—BO(p meb,O))Ff‘vebm FeL“,yeb 42(—7rMS—|—BO(p meb,mz))Fe ZebmebFéZ’eb
b=1

(-3 ;
b=1
3
b=1
1 2 3
R 2\ 2 2 Rx R
Ei,j(p ) - —§ZZB1<]) ’m”b’m )FeijivybréiaHivl’b
a=1b=1
1 1
2 2 2 Rx R 2 R
2 Z By (p 2 My, mAO)FéijO;EbFé'L7AO7eb ) Z By (p ’me’ ’ )Fe h ebré“h’eb
b=1 b=1
3 3
2 L L 2 2 2 L L
- Z Bl (p 7meb7 O) Fe *'y ebFe7 Y,€p Z Bl (p ’meb’ mZ>F€]*,ZJibFéi»Zyeb
b=1 b=1
3
2 Lx L
- Bl (p myb7 mW+)P ,Vbré,i,W_,Vb (66)
b=1
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| —

L Lx L
Xy, - Z Z By (p m"b’ m >F6J7Hn ;Vb]-—‘equj—aVb

a=1b=1

3
1
2 2 L 2 2 Lx L
B, (p 7meb7mA0)Fp A0 ebrﬁ,AO e 9 z :Bl (p ’meb’mh)FP h ebrémhyeb
b=1

|

N | =
o
gl

1

3 3
2 R R R
- Z By (p ’ meb’ 0) Fej el G e Z By (p meb’ mZ) FEJfZ eléze
b=1 b=1
3
2 Rx R
o By (p ml/b7mW+)F Wﬁ»”bFémW*J/b (67)

b=

1

¢ Self-Energy for Pseudo-Scalar Higgs (A°)
1 1
(p*) = +§|FA0,A0,A0‘QBO (p27m,2407m,240> + |T 40,17, 40 |* Bo (pQ,m%umio) + §|FA0,H,H|QBO (p2,m§1,m%r)
+ [T 40,n,10° Bo (PQ, my,, m,%\o) — By (p27 ml.,m )Fio 77+ o, — Bo (p27 m?_, mf,—)riom:’n,

1 1 1
- 5140 (mZO)FAU,AU,AU,AO - iAO (mio)FAO’AO’AO’AO - 5140 (m%_[)FAO’AO’H’H - 5140 (m;zl)FA()’AO’h’h

1 1
+ |FAO,Z,h|2FO (p27 m%ﬁm%) + 4FA0,A0,W*,W+ ( - erSm%,[H + Ag (m%‘H)) + 2FAO’A0’Z’Z( - QIMSmQZ + Ay (mQZ))

2
2 3
ZA ( ) A0 A0 HE Hy +3ZZ(IFAOd db|2+|FA0d db| >G0<p2,m§a,m§b>
agl , a=1b=1
+ Z Z (|FA0,éa,eb|2 + |F§0,éa,eb|2>G0 <p27 mga,mgb)
a=1b=1

3 3
+ 322 ( AC g, ub‘Q + |FA0 g ub‘2>G0 (p2 mia mib)

—GZmd ZBO(P md amdb)mdb (FAOd deAOd Jdy +FA0d dbrfw,&a,db)

a=1

L
-2 Z mea Z BO (p me 7m€b)meb (FAO €q PbFAO €4,€h + FAO ,€a ebFAO,éa,eb)

a=1

R L
_GZmUa ZBO(p mu >m )mub(FAUu ubFAO ua,ub+FA0u ubFA0 ﬁa,ub)
a=1

2
+22 |FA0,W*,H;|2FO <P27m§{b—7m%/v+) (68)
b=1

e Self-Energy for Higgs (h)
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1 1
I(p?) = +§|F}L,A0,AO|QBO (pzvmio,mio) + §|Fh,A0,AU|zBO (pQ,mio,mio) + |Th.1.401* Bo <p27m%1, mio)
1 1 1
+ §|Fh,H,H\zBo <P27m%am§1> + §|Fh,h,h|230 <p27m%w mi) + 4|Fh,W*,W+|2( - ?MS + By <p2,m%V+,m‘2/V+>)
1
+ 2|Fh,z,z|2( - irMS + By (pz,mQZ,m%)) — By (p2,mi+, )I‘i 7t — Bo (p2,m%_,mf7_)Fi7n—_,n_
1
— By (p mzz,m Z)F}QL 77 7 §A0 (m?40>1—‘h7h,140,140 — §A0 (mio)rh,honon

- 5140 (m%{>rh,h,H,H - §Ao (m%)rh,h,h,h + |Th.z.a0 2 Fy (p2,m?40,m2z>

1 1
AT nw - W+ ( - §rMSm%V+ + Ao (m%w)) + QPh,h,z,z( — §rMSmQZ + Ag (m%))

2 2
2 2 2 2 2
Ao (mH;)Fh,h,HJ,H; + 2D Pyt 1 Bo (p ’mH;’me’)

M

a=1 a—lb=1
3 3
+3 Z( | +|Fflitia,db‘2)G0(p2»m?za,am?ib)
a=1 b=1
3 3
+ ZZ (| h ea,eb|2 + |Fh e(“ebl )GO (p27m3a7mgb)

a

+ 322 ('Fh Ugq,, ub|2 + |Fh JUa, ub| )GO <p2vmiavm12¢b)
a=1b=1
3 3
_szdaz Bo(p?m3, 3, Yma, (TE5 0 TRy + T 0T )

_2Zmea ZBO(p 7meavmeb) (Fhe e,,Fh €a,€h +Fhe ebrh €q eb)
a=1

2 L
-6 Z Moy, Z By (p mua mub)mub (Fh ua,ubrh g, Up 1_\h ua,ubrh ua,ub)

a=1 b=1
2
+23 Wy [2Fo (92 m2 - iy ) (69)
b=1

e Self-Energy for A0 (A°)

H(p2) = —|—|FA07A07A0|QBO (p2,m1240,m1240> + |FA0,H,A0|ZBO (pQ,m%,mi()) + |FA07h7A0|2B0 <p2,m%b,m1240)
1 1 1
+ |FA0,h,H|2BO (p{mi,qu) - §A0 (mio)FAO,AO,AO,AD - 5140 (mZU)FAO’AO’AO’AO - 514() (m%{)FAoyAO’H,H

1 1
— 5140 (m}QL)FAO’AO’h’h + |FA°,Z,H|2F0 (p27m%{,m2z) + 4FA0,A0,W*,W+ ( - §I‘Msm12/V+ + Ag (m%v+))
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2
1
-+ 2I‘AU,AU,Z,Z( — irMszz -+ AO (mQZ)) — ZAO (mé(;)FAO,AO,H;,H;

2 2 2
2 2 2 2 2 2 2 2
S ot 2B (0% %, ) 23 Mo (? 2, i) (70)

e Self-Energy for HO (H)

(p*) = +|T g 40,40 > By (p27m§10,m?40) + Ty g 40> Bo (anm%[;mi;O) + T g.1.a0]*Bo (P27m%, m,240)
1 1 1
+ Tan.ul*Bo (pQ, m%meH) - §A0 (miU)FH,H,AO,AO - §Ao (mi}O)FH,H,AO,AO - §A0 (mil)FH,H,H,H

1rMSm%,VJr + Ay (m%v+))

1
- 5140 (mi)rH,H,h,h + Dz, 40> Fo (pZ, mio,m2z> +4ly gw- w+ ( ~ 3

+2I‘H,H_,Z7Z(—%rMSm%JrAO(mQZ)) ZAO( ) H.H.HY He

2 2
2 2 2 2 2 2 2 2
22 Po | Bo(p ’mH;’me_> +QZ‘FH,W<H;| Fo(p ,me—,mW+> (71)
b=1

a=1b=1

e Self-Energy for Z-Boson (Z2)

(p?) = +|T'2,2.1|* Bo (p2, m%, mi) — 4|7z g 40> Boo (P27 m2o, m?{) — 4Tz 40> Boo (p2, m2o, m%)
1
+ Ty % 12 Boo (pQ,m%+7m3,+) + T -2 Boo (pQ, mf,—,mfi—) + §A0 (mio)Fz,z,AO,AO
1 1 1
+ §A0 (mio)Fz,z,AO,Ao + *Ao (mir)Fz,Z,H,H + §Ao (mi)rz,z,h,h

1
— |FZ’W7’W+\ (10300 (p m%v+,mw+) + 24 (mW+) — 2rMS (2m‘2/v+ — 3P ) + By (p m%,v+,mw+> (2mW+ +4p ))

2 2
2 2 2 2 2
Ao (mH;)Fz,Z,HJ,H; —4 Z Z 21 | Boo (p Mg me—)
a=1b=1

(T P+ 105 g ) Ho (92,03,

M

+

e
Il

1
3
+3)
=1b
Lx R
+ 4By (P 7md amd )mdamdb%(rzli dbrz,Ja,db)}
3
Z [( Zea,eb|2 + |FZ ea,eb| )HO (pZamga,ng
a

4B (p )mea meb%(réféa,ebrgia,eb)}

S
”Mu
—_

[ V)

Mw

_|_

1b

_|_

&
S
Mw

[( Zu,,,ub|2 + |FZ g ub‘ )HO (anmia,amZ;,)

b=1

Q
Il
_
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+ 4BO (p27 m%t,,, ) mlzzb)mua,mub%(FZ Uq ubFZ Uq ub):|

3 3

+ ZZ [(|FZ Uq, Vb|2 =+ |FZ Wa, ub| )HO <p27m3a7m1%b)
a=1 b=

+4BO( )mVame%(FZV Vb]‘—‘g z/a,uh)}

2 2 2 2 1 2 1 2 3
+2 Z |FZ,W*,H;| By (P ’mW+’me—) + 2rMSmyy L'y 7w w+ — Ao <mw+> (4FZ7Z,W—,W+ +1Z2z2w-w+ Tz 20

(72)
e Self-Energy for W+ - Boson (W)
3 3
H(pQ) = 2rMsm%/V+F11/V+,W*,W*,W+ + 32 Z [('rL a,ub|2 |F§/*,Ja,ub|2)H0 (p27m?la7 m’ib)
a=1b=1
+ 4By (2, m3, 2, Yma,ma, R(TE 5 TE )]+ 2= 4Z|FW a0l Boo (B2 30, m2, ) —4Z|FW .
a=1
2
+ 4B (7 m2, w2, Ve, R (D o, T e )]+ 20 P PBo(s2,0,m2, ) + Z P 2B,
b=1 b=1
(73)

8.2 Tadpoles

1 1 1 1
5t§3) = — §AO (mio)rh,Ao)Ao — 5140 (mio)rh,Ao)Ao — 5140 (mz)Fh,Hﬂ — 5140 (mi)lﬂh,hyh
+ Ao (m37+>ril,n1,n+ + Ao (m%*)rh,ﬁ*m* + Ao (miz>rh7n27nz

1 1
4 4Fh,W*,W+ ( _ §rMSm%V+ —+ AO (m%[H)) + 2Fh,Z,Z( - §I‘MSmQZ + AO (mQZ)) - Z AO (mi];)rh,HJ7H;
a=1
3
+6 Ao(?ﬂi)mda (Fﬁda,d + T g )

3
+ 2 Z Ap (mga)me (Fﬁ €a,€a + Fh ea7€d>
a=1

3
+6 Z AO <m3a>mua (Fh TUg,Uq + I‘h ua,ua) (74)

2
oty = =" Ao (m?, )0y s - (75)
a=1
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9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

w( _ Lambda5 + Lambda5*) (76)
h
/
/
/
/
/
A0 ---—-- .
\\
\
\
\
AO
— 1@(2Lambda3 — Lambdab — Lambda5*) (77)
H
/
/
/
/
//
A0 ———— - !
\\
\
\
\
AO
%u (Lambda5 n Lambda5*) (78)
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fv( — Lambda5* + Lambda5) (79)
Hy
/
0 /
A0 —-o-- ‘
\\
\
Hy
50( = (Lambdat + Lambdas) 77, 7% + (Lambdad + Lambdas* ) 21,7}, ) (80)
h
/
/
/
/
//
A0 —-—--- {
\
\
\
\
\
A0
— 2iLambdalv (81)
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fv( — Lambdab™ + Lambda5) (82)
h
/
/
/
/
J/
H====-- \
\
\
\
\
\
H
— Ly (2Lambda3 + Lambdab + Lambda5*) (83)
!
//
/
Ho--=-u- A
\\
\
oy
— 50(( — Lambdas + Lambdat) 25, 25 + ( — Lambda5® + Lambdad) 25,2}, ) (84)

22



h ====== \
\
\
\
\
\
h
— 6iLambdalv (85)
Hy
/
7
R “
\\
\
i,
— iv(2Lambdal Z} 2, + (Lambda3 + Lambdad) Z}; 21 ) (86)
9.2 Two Scalar-One Vector Boson-Interaction
ZP«
A0 === .
\
\
\
\
\
H
1 .
5(—91 sin Oy — go cos@w)<—pf +pﬁo) (87)
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1 = 0
Wil
A0 =-=---
\
\\
Hyf
1 + 0
§gzZﬁ(—pu7 + ;! ) (89)
Zﬂf
AO ------ \
\
\
\
\
\
h
1 . h A°
5(91 Sln@W +92 COS@W)(_p’u_FpM ) (90)
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H: 0
59221*2(—19,/ +p;, ) (91)
Wi
A0 == ===-
\
\\
+
Hj
1 HT 0
59225( —pu’ ) (92)
Wi
H =====- \
\\
\
Hy
(3 H:
*QQZj (—PMJ +pf) (93)
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2

7 HT
- §QZZJ‘ (‘p#J +pﬁl> (94)
W
h ====== \
\\
\
H;
7 H-
- 592255(—2%] +pﬁ) (95)
Wi
homm————
\
\\
i
P Hf
792Zj2<_p,u +pp,) (96)
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K2

R
\

\

+
Hj
: , . + 7+ + 7+ Hf | HS
— (910080 + gasinOw ) (2525 + 2525 ) (—m + o) (97)
Zy
\
\\
+
H
7 . HT -
_ 5( — g1 8in Oy + go cos @W> (Z;EZ; + Zi'ng'g) ( —p? —|—p£[z ) (98)
9.3 One Scalar-Two Vector Boson-Interaction
W
h ______
Wy
)
592”(90;1) (99)
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2
7v<g1 sin Op + g cos GW) (gcm) (100)
T
H -
Ws
i +
~ p9192vcos Ow Z;5 (ga,,,) (101)
Zy
7 i —
Wy
i r +
§glggv sin Ow Z}, (90u) (102)
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HY --<a-
Yo
~ Lg1gavcos Ow Z} (gap) (103)
Zy
Hf --<-
Wy
i .
59192vsin Ow Z (gau) (104)
9.4 Two Fermion-One Vector Boson-Interaction
Ivu
Jia
djp
i v L=
- 5935@)‘(1,5 <'Yu ‘ T) (105)
) 1+ V5
+ —59351‘]‘)\;5 (’Yu : (106)
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&
2

Vi

djp
) . 1—
— 650[55”» ( — 3¢9 sin Oy + g1 cos @W) (VM . 275) (107)
) 1
+ %gl cos Oy 0,305, (fy# . -;%> (108)
W
ﬂia
djp
3
i b S URUE (- - =) (109)
\/5 a=1 e 7 2
Zy
Jia
djs
‘ ; L—7
géaﬁéij (392 cos Ow + g1 sm@vv) (’yu g ) (110)
1
+ 75 (111)

1 .
+ —591504,851'3' sin O (’Yu :

2

)
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Vi

€j

2

. 1
%éij (91 cos Oy + go sin @W> (7# . 275) (112)
1
+ ig1 cos Owdy; (%e . %) (113)
Wl
Uy —a—
¢
. 1 e,* 1- 5
- 2%92[][1}]-1-61',3 (% g ) (114)
Zy
€ —a—
€j
) 1
%51‘3‘ ( — g1 8in O + go cos @W> ('Yu . 275> (115)
1
+ —ig16ij sin @W (’)/u . + 75) (116)




Gy

Uiy
ujs
i ol 1- V5
1 ~ 1 + Y5
+ —5930i5Aq (% i ) (118)
Vi
aioz
Ujp
. 1_
— %604,861‘3‘ (392 sin O + g1 cos @W) (’)/M . 275) (119)
21 1+
+ —ggl COS ®W5aﬂ6ij (’YN . T%> (120)
Zy
Ui
ujs
: ; L=
- 65aﬂ5¢j (392 cos Oy — g1 sin @W) (fy“ . T) (121)
21 . 145
+ ggléagéij sin Oy ('Yu' 27 ) (122)
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dia
ujs
1 3 1—~
. U,k d — )5
- 2592504/3 ; UrL';aUL ia (% ' T) (123)
Zy
v;
Vj
) . 1—75
— 551-]- (91 sin Oy + g9 cos 9w) (% T ) (124)
Wy
€;
Vj
. 1 e 1- 5
- ZEQQGJ}?’UL,U (W : T) (125)
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Two Fermion-One Scalar Boson-Interaction

AO
/
/
/
/
B /
dia X
djp
d,x d,* — 5
05 Z UR ib Z UL jaYd ab( 9 ) (126)
1
aﬁZZYd abUL mUR jb( ) (127)
b=1a=1
h
/
/
/
/
B /
dia X
djp
* — 5
O‘ﬂ Z Ug ib Z UL _](LYd ah( 2 ) (128)
1 3 3 .
. * d d 5
+ —Zﬁ%ﬁ ; ; Yd,abUL,iaUR,jb( 2 ) (129)
Hy;
/
/
f 7
Ui
djp
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11—
fzaaﬁZUR Lbz S YaanZi (5 (130)
3 3 14~
. * u 5
+ZdaﬁZZYd,abUL,iaUI%,ij;2< 5 (131)
b=1 a=1
AO
/
’
’
’
’
_ ’
€
€
1 Zg:Ue* Z e,* (1_75) (132)
\/5}):1 sza 1 L.,ja eab 9
A 1+~
* e e 5
+ _7ZZYe,abUL,mUR,jb< 5 ) (133)
b=1a=1
h
’
’
’
’
’
_ ’
€
€j
1 3 3 —
e, 5
2 ; UR,zb Z UL jaY ( 2 ) (134)
1 3.3 14+
* e 5
s Z Z Y:i abUL iaURq,jb( ) (135)
Tk
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36

(136)
i ViaUk el (—5) (137)
a=1
AO
/
/
/
/
/
— /
Uiy
ujs
1 3 3 1—
— —=0as YUk S U Y (52 (138)
1 3 3 14+~
=6, Y WU UL ( 5) 1
+ \/i 5;; u,abUL,zaUR,jb ) ( 39)
h
/
/
/
/
/
ﬂia /
ujip



U, * — 5
- aﬁ Z UR ib Yu ab( 9 ) (140)
u u 1+ V5
aﬁzz bUL,iaUR,jb(72 ) (141)
b=1a=1
H
/
- //
dia
ujp
3 1 5
. d,* u,* — /5
165 Y UL, Z Ui YawZh(—52) (142)
=1 a=1
3 3 1 + ~
. * U 5
+ _15045 ZZYu,abUg,iaUR,ij]jZ( 2 ) (143)
b=1a=1
H
/
7
€i
vj
iZ UsiiaYesa ity (F522) (144)

2
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9.6 Three Vector Boson-Interaction

v
Jap
9pe
93 fo (gp# ( —po+ pi“") + 9po ( — pier + pff”’) + Gou ( -+ pi”“)) (145)
Wi
Wy
Yo
gy sin Oy (gp,t( e er?/’:) + g,,g( —pet 4+ p,;') + gw( —p)e +pZV“+)> (146)
ZU'
W,
W}t
ig2 05 Ow (gpu (= 02 + 10" ) + gpe (=i " + pZV;) + 9ou — e +9)) (147)
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9.7

Four Scalar-Interaction

— 6iLambda?

(148)

(149)

% ( — Lambda5 + Lambda5*)

(150)
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— 2iLambda2 (151)

- %<2Lambda3 — Lambda’ — Lambda5*) (152)

H} H_

’
N
\ /’
\
N
/N

- i<2Lambda2Z,j1ZlJ{ + (Lambda?) + Lambda4) Z,EZE) (153)
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1
3 ( — Lambdab + Lambda5*) (154)

% (Lambda’é + Lambda5*> (155)

5 (( = Lambdas + Lambdad) 75, 25 + (= Lambdas* + Lambdad) 25, 217 (156)
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(157)

(158)

— 6iLambdal

(159)
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- %(QLambda?) — Lambda5 — Lambda5*) (160)

— 2iLambdal (161)

H} H_

’
N
\ /’
\
N
/N

— i<2Lambda1Z,;"2ZlJ§ + (Lambda?) + Lambda4) Z&Zﬁ) (162)
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(163)

(164)

— 6iLambda?2

(165)
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- %(2Lambda3 + Lambdab + Lambda5*) (166)

— i(2Lambda27;% Zj; + (Lambda3 + Lambdad) Z{, 7,5 ) (167)

H} H_

/
\
\\ //
\
\/
/7 \

— %(( — Lambda5 + Lambda4) ZHZh + ( — Lambda5* + Lambda4) Z&Zﬂ) (168)
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— 6iLambdal (169)

Hf Hy

/
\
\\ //
\
\/
/7 \

— i(2Lambdal 2,75 + (Lambda3 + Lambdad) 7} 7)) (170)

Hf Hy

x A

\4

/7 \
/ \
/ \

H HJ_

—i( 2 (2Lambdas* 25,2 7} + ALambdal 2, 2,255 + Lambda3 7], (225 + 2,211 )

+ 2} (22}, (2Lambda27}, 2} + Lambda5 25,25 ) + Lambda3 2}y (24 25 + 2571 )) (171)
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9.8

Two Scalar-Two Vector Boson-Interaction

W, W,

(172)

N | .

(173)

1
59192 Cos GWZ;i (gp,y)

(174)
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(175)

W Vo

1
— 59192 cos Ow Z; (gw>

(176)

Z, Wt

1 .
591928in @WZ;E (guu>

(177)
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(178)

N | .

(179)

T W,

1
59192 cos @WZ]-JF2 (g,“,)

(180)
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(181)

W Vo

1
— 59192 cos Ow Z (gw>

(182)

Z, Wt

1 .
591928in @WZ;E (guu>

(183)
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(184)

N | .

(185)

T W,

1
59192 COS @WZ;i (guy>

(186)

o1



1

2g1g2 sin @WZ; (guy)

(187)

W Tu

v

{
59192 cos @WZ;F1 (gW>

(188)

Z, Wt

1 .
— 9192 sin OwZ} (g,“,)

(189)
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(190)

N | .

(191)

T W,

1

29192 [¢0)] @WZ;E (gl“’)

(192)
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1
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9.9 Four Vector Boson-Interaction
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9.11 Two Ghosts-One Scalar-Interaction
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10 Clebsch-Gordan Coefficients
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