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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))

H1 0 1 1.2,1)
H2 0 1 1,21

¢ | 3 3 (5:2,3

! 3 3 (—3.2,1)
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’

1 _ 1 _ 1 _
Lgr = — §|6MB|2§B1 - §|aﬂg|2€g t— §|auW|2§W1 (2)

2.2.2 Gauge fixing terms for eigenstates >EWSB’

1 1 L . . .
Lor = = 510406, = 510176 — 592 (o H 0B )+ 0,0 2650
11

_ 5|§< ouZ — (01v1 + szz)fz (91 sin O + g2 cos @W>) |2521 (3)



2.3 Fields integrated out

None

3 Renormalization Group Equations

3.1 Gauge Couplings

550 = %g%

B2 = g1 (18092 + 2082 — 251&(3@/*) + 44092 — 75Ty (Y v ) - 85Tr(Y YT))
5(1) — 3

82 ng (12()g§ 1242 — 15Tr(YdeT ) - 15Tr(YuYJ ) - 5Tr(YeYJ ) + 8095)
BY = 743

B = —%g%( — 1163 + 20T (Yo, ) + 20Tx (Y, Y] ) + 26003 — 4503 )

3.2 Quartic scalar couplings

o —9g1A5 — 92N + AA A5 + AAods + 8AzAs + 12X N5 + 6A5Tr(YdYT) + 2)\5Tr(Y YT)

+ 6)\5Tr(Y YT)

1413 57 231 12 12
52 =+ 208 g i - 2hatng - Bt - sty - Pgtn, - amid,

48 7
+ ggl)\g)\5 + 369%)\3)\5 - 80)\1)\3)\5 - 80)\2>\3A5 - 28)\:23/\5 + 7‘91 )\4)\5 + 7292)\4>\5
— 88A1 a5 — 88Xy A5 — T6A3 A4 \5 — 32035 + 63

1
+3 (16(1093 — 631 — 635 — 91 + 4563 + 5¢3 ) As T (Vv )

+ 2(1595 F15¢2 — 16(2>\2 £ 2N+ 3/\4))>\5Tr (YYT) —glx\5Tr(Y Y, ) —gg/\5Tr(Y YT)

n 4Og§)\5Tr(YuYJ> — 2N AT (YuYJ ) - 24A3A5Tr(YuYT ) - 36)\4/\5Tr(YuY )
- gAsTr(YdeYde) - 33A5Tr(YdYTYuYT) - f)\g,Tr(YY YYT) - f)\ Tr( Y, Y}y, YT)

9
Sgh fglx\l 92N + 2402 +2)2 £ 2205 hg + A2+ A2 4 120 Ty (Ydyj)

27 9
BY =+ gt + —gigd + 2

20091 " 20
— 6Tr (Yde YdeT)

(10)



5(2)

B(l)

2
By =

Y

39T o ATIO 4g B3 o4 DL 1953 4 11T 51 108 5,
L B ) 2\ 4\ 2)2
~5000%% ~ 200 919 ~ gy 919 T g9+ g0 Gt ggaish — gadh + g
9 15 12 9
+ 1089307 — 312)\3 + 791A3 + ?qg*xg + —gl>\2 + 12932 — 20\ A2 — 8\ + 791A4

3 15 1 6
+ 291g2)\4 + g + gl)\g)\4 + 1293 A3 04 — 20\ A3 Ay — 12030 + 91A4

+ 39377 — 12)\1/\2 - 16)\3>\2 —6AF — gglA2 — 14X A2 — 200302 — 220402

+ 2—0( — 564 (=593 + 971 ) — 90g3\1 + 903 ) +9g1 + g7 (50A + 5493 ) ) T (Va{ )

- 2(2A§ F2X3h + A2+ Ag)Tr(YeY;) - 12A§Tr(yuyj) — 12030 Tt (Yuy,j)

1
—6N3Te (VY ) - 6A3Te (YY) + ~giTr (vavivar]) - s2g3me(vavjvav])

—anTe(Yavvar]) — onTe (vavi vy ) + som (vavfvavivay]) + 6me (vavivayfvav])

9 9
29703 — Zgth = 993A0 AN+ AAoXs + 8AsAs + 4X] + 8A + AT (YdeT)

+ 2)\4Tr(Y v ) 460, Tr (YUYJ ) +12Tr (YdYJ Y, Y} )

657 42 6 1413 153
=0 9195 — 39593 + 697930 + 69793 X2 + 59595&3 + 500 gida+ 5 —— 0195\
231 24

24 12
3 92)\4 + gg%)q)q — 28)\%/\4 + gg%/\g/\4 — 28/\5/\4 + ggl /\3)\4 + 3692)\3)\4

24
— 80A1 A3 As — 80Xa A3 Ay — 2802\, + ggfki + 189202 — 40A1 A2 — 40\ \2 — 28302

f)\Q + 54gaA2 — 48M A2 — 48Xo)2 — 48M3AE — 26402

15 27
+ (4(1Og§)\4 - 3(2>\1/\4 A + 202 /\2>) + Lo+ g%(

15

5
n ( - 4(2)\2>\4 +20sAs + 202 + Ai) B+ 230 7 (25)\4 + 4492))Tr(yeyj)
63 ,

+ gl (YuYJ> —791)\4Tr (Y YT) B 2T (Y YT) T 4Og§A4Tr(Y YT)
- 24)\2)\4Tr(YuYJ) — 24\ Tr (YUYJ) - 12A4TY<YUYJ> - 24)\§Tr(Yqu)

27 1
- ST (Yar[vay]) + ot (vav vy ) + 6agd T (vav vy )

9

2
- 5/\4Tr<YeYteYJ) !

= 20T (Yav Yoy ) - 33T (vavi vy )

— 12 (Yajvavvay]) - en(vaivyvay]) - am(vavivayivey])
27
1007~ 10

4202 + 6y Tr (YdY; ) + 2A3Tr(YeYj ) + 63T (YuYJ ) — 12Ty (YdYJ Y,Y] )

g ) )

- S AT (YuYJYqu)

9 9 9
=4——gl — —g2g3 + Zgg - ggfxg — 99503 + 120103 + 120903 + 4A3 + 4 Ay + 4da )y + 22]



ﬂ@)

1
B

8537 6, 909 4 p 33 4 201 g 2T, s oy 45, 2T,
= S8 gin — AL+ —giA
10009 + 2009192 + 409192 + 3 ga + 10 1— 39195\ + 5 goA1 + 10
45 1773 33 111 72
—3¢%92 00 + — 5 gada + 500 gids + %gngAg - gads + gf/\l)\g + 7292 X1 A3

72 6
— 60A2 )3 + gngg/\g + 7293 Moz — 60A3 ;3 + fgf)\g + GggAg — T2M 03 — 720003
9 9 15 24 24
—12)3 + Togm - 5g§g§A4 - ?gg)q - 91A Ay + 369301 Ay — 16A3 N + Eg%)\zM
+ 3693 A2 s — 160304 — 1295 A3\ — 32X1 A3 Mg — 32X0\3 0y — 4\3N, —

9 >‘2

6
59%421
+ 69207 — 28M 107 — 28002 — 16A302 — 1273 41 5 91 INE — 36A1AE — 36027
— 18X3A2 — 44\ \2

+ 2%( 5(— 453\ + 8( — 20g3x + 3(2X3 + 4 (3% + Aa) + X3+ 22) ) + 943 ) + 99 + g3 (250 — 5493 ) ) T (Vay )

(4591 +5( 1563\ + 393 + 8(2X3 + 42 (3% + A1) + A3+ A2) ) + g2 (6605 — 752 ) ) Tr(Yo¥F)

)
1;(1) Iy (YUYT) ?gglggT (Y YT) ngT (YUYJ) —791)\3Tr<Y YT)
—gz)\3Tr(Y v ) + 40g2 A3 T (YuYJ) - 72)\2>\3Tr(Yqu) - 12/\3Tr(YuYJ)

2
- 24A2A4Tr(YuYJ ) - 6AiTr(YuYJ ) - 6A§Tr(YuYJ ) - ;A3Tr(YdeT Y,v] )

4
gy (Yde Y, V] ) — 64¢2 Ty (YdYJ Y, V] ) 4 1503 Tr (YdYJ Y, V] )

9 27
— AT (YeYeT Y.y} ) - ST (YuYJ YY) ) +18Tr (YdeT Y, Yiv,y] ) + 18Tr(YdYJ Y, Ylvy] )

+ 36Tr (Ydyj Y, Y1Y,Y] ) (17)
27 9 9 2 2 2 2 2 2 T
20091 + 209192 + 892 5gl>\2 - 992)\2 + 24)\2 + 2)\3 + 2>\3)\4 + )\4 + )\5 + 4)\2’I‘r(yveyve )
+ 12)\2Tr(Y YT) — 9Ty (YEYJYEY;) — 6Tr (Y Yy, YT) (18)
@ _ 3 o AT 4y 303y g 2916 1953 AT oy 5L 108
B = 0009 ~ d00 919 ~ g 910z + g 92 + ggg 91de + g igide — gde + —aiA;
9 15 12 9
+ 1089303 — 312\3 + T) gids + 5 9> goAz + ngxg +12g3X3 — 20202 — 8\ + %gm
3
+ legm + 92A4 + 5 gl)\3)\4 + 1292230 — 20X0 A3y — 120204 + 59 N2
4+ 3g307 — 120007 — 160307 — 603 — gg%)\g — 140022 — 200302 — 2204 \2
_ 6(2A§ 20 4+ A2 4 Ag)Tr(YdeT)
3
- (1591 ~ 92 (1192 n 25A2) + 5( — 10g2Xs + 6472 +92)>Tr<YeYj) 100 ;*Tr(y YT)



+ ?—gngTr(Y YT) - ngTr(Y YT) lgl)\gTr(Y YT) i’ngQTr(Y YT)
+ 809§A2Tr(yuw ) — 144)2Ty (YuYJ ) 9N\ Tr (YdYJ Y, Y] ) - gngr (YeYJ YBYJ)
— ATt (YeYteYT) g%Tr(Y Yly, YT) — 32¢2Th (Y Yy, YT) - 3)\2Tr(Y Yy, YT)

+ 6T (YdYJ Y YIY,Y] ) +10Tr (YQYJ}@YSYSYJ) + 30Tr (Yuyj Y YV, Y] ) (19)

3.3 Yukawa Couplings

W _ (3y V1Y, + v, yfyd) 1Y, (3Tr(Y YT) — 82 — ;%gl - ggé + Tr(YeYJ)) (20)

(2) _ YYTY(—L\ a1 0 2 §2—£2—9T(YYT))
By, =+ d 3T 2MY I3t 692 T 5up9i T\ Yata

1
+ oo (= 20( = VYV, + VY Y Ya + VY Yavi.)

1Y,Y]Y, (1zgog§ - 180Tr(yeyg) +223¢% — 540Tr (YUYJ) + 67592 — 960)\2))

+Y, (16206079 Q%gfgg - %gé + iglg3 499297 — 10895 4+ 6A2 + A2 + A3y + A\ + 3)\2

+ % (gl + 92>Tr (YeYJ) n %(16093 +17g% + 4592>Tr(YuYJ) - ZTr(YdYJYuYJ)

- %Tr (nyjyeyj) - %Tr(YuYJYuYJ)) (21)
Bl — 3(2 (3YdYTYd + YdYTYu) - Yd( 12Ty (YdYT) +32¢% +9g2 + g%)) (22)

52 = s (60(6¥aYJ¥ayj¥a - Yav VY vy - Yav[vuviv)

+3Y,V] Yd(1zsog§ +187¢? — 540Tx (YdeT ) +675g2 — 960)\1)

LY,YY, (1zsog§ — 180Ty (Y yi ) — 480)3 + 480X\ + 495¢2 — 5392 — 540Tr(YuYJ))>

113 27 21 31 3
+ Yd( B @g‘f - %9192 4 9+ 159193 +99393 — 10893 + 6AT + A3 + Asha + A + §>\§
5 (3902 1 002 4 o2 27 tyyt) 2 Y.,
+ : <3293 +9g2 + gl)Tr (Yde) — ZTr (Yde Yde> — ZTr (YdYu Y.Y, )) (23)
1
w1 (Gyeygye LY. (12Tr(Yqu) n 4Tr(m/;) _ 9(9% + g%))) (24)

(2) +83 (40Y Yviv.yly. + v.yly, (12991 180Tt (Y YT) 422562 — 320\, — 60Tr (Y YT)))

1449 27 21 3 15
+Y. ( 500 91 T 30 giga Zg2 +6A3 + A3+ A3y + A + 5)@ + §(91 +92)Tr<YeYe)

+3 (160g3 +1762 + 4592)Tr (YuYJ) - ZTr(YdYJYqu) - gTr<YeYj1@Yj) - %Tr(YuYJYuYJD (25)



3.4 Scalar Mass Terms

9
g%mlg (26)

9
91m12 5

ﬂ(l) = 2 3mqa + 4 gmqa + 6A5mio + 6moIr YdYT + 6mqoTr YuYT
10

mi2
1377 9 12
100 Sz + 89192m12 16 g2m12 + 672 + 6A3ma2 + =0 TAzmaz + 12g5 A 3maa — 1201 Azmo

24 36
— 12 9 A3myo + Eg%)qmlg + 24g2x\4m12 — 1221 A gm1o — 12X gm0 — 6A3Aamo + gg%)%mlg

2
B, =+

+ 3693 \sm1a — 120 Asmia — 1200 5m12 — 1223 5m1e — 12X4A5mq2 + 3A2ms

+ %(16(10573 - 3(2)\4 3 4 )\3)) + 4562 + 5g%)m1m(ydyj)

+ 2(1595 +15¢2 — 16(2)\4 435 4+ )\3)>m12Tr(YeYJ) + ggfmlgTr(YuYuT) + %g%mlgTr(YuYJ)
+ 20¢2m1o Tr (Yuyj ) — 6Agmi2Tr (YUYJ ) —120umy Ty (YuYJ ) — 18X\smuo Tt (YuYJ )

27 2
- ZmuTr(Yde v, ) - §m12Tr(YdYJ Y, Y] ) - ZmlgTr(YeYJ Y.Y; ) - {muTr(YuYJ Y,V ) (27)

5(1) = 12\ym? + 2\4m3 + 4Xgm3 + 6m3iTr (YdYT) - %glm% - gggm% (28)
B =+t + Gatadmt - Taimd + Sgtamd + Tabhund —o0rint - 2

— 2A3 ym? —2)\4m1 3\Em? + : Og;‘m§+ 125 3m3 e : %Agmg + 242 \3m?

— 8\2m3 + —g? \m3 + 12g5am3 — 8A3A\gm3 — 8\im3 — 12A2m3

|
+4 (160g3 — 288 + 4563 + 597 )m3Tr(Yav[ ) = 4(20g + A )m3Te (VoY) — 24xgm3Te (V.Y )

2
— 12)\m2Tr (YuYJ ) gmlTr (YdYTYdYT) gmlTr (YdYT Y, YT) (29)

9 9

B9 = 1220m3 + 204m? + 2m§Tr(YeYT) +4rgm? + 6m§Tr(Yqu) Togim3 — Sgim3 (30)
9 15 24

Bt = +1goimt + 5 gami + T giAami +24g3smt — 8X3md + gt hamd + 12g3Num]

— 8z \gm? — 8\Im? — 12A§m1

57

VT 40 90 0 123 4 o T2
100 9 2+89192 16 72 my + 5

+ 7292 Xam3 — 60A2m3 — 2X2m3 — 2X3 4m3 — 2X\3m3 — 3\2m}

3 17
— 12(2)\3 + )\4>m%Tr (YdeT) + 1 ( — 32\ + 597 + 5g§>m§Tr<YEYJ) + ngm%Tr(YuYuT)

2 2
g1 A2msy

4
+ 4592m2Tr (Y YT> + 402m3Tr (Y YT) — T20om2 Ty (Y YT> - ngTr<YdYTY YT)
2
- ngTr(YY Y.V, ) - ;mQTr(Y Yy, YT) (31)



3.5 Vacuum expectation values

B =2 1( _ 201&:(1@1/(}) n (5g§ + g%) (3 + Xi))

B3 = 00" ( — 1359g7 — 27093 g5 + 622595 — 480077 — 8003 — 800A3A4 — 800A] — 1200\2 + 1847 Xi
+ 18092 ¢g2Xi + 2250¢3Xi + 18¢1Xi% + 180g7 g2 Xi?

(32)

4509 Xi?
— 20 (4592 (2 + 5) + 80063 + g7 (18Xi + 25) ) Tr(Yav] ) + 5400T (Yo vav]) + 1800Te (Yav,[vaY]) ) (33)

B = o 2( - 20Tr(YEYET) n 3( - 20Tr(YuYuT) + (595 i gg) (3 n Xi)))
ﬁ(2) _ ivg

(34)
500 ( — 1359g71 — 27097 g2 + 622595 — 48003 — 800A2 — 800A3\4 — 800A2 — 1200\2 + 18¢{Xi

+ 18092 g2Xi + 2250g4Xi + 18¢%Xi2 + 180¢%¢2Xi2 — 450¢4Xi% — 60(595 <2Xi + 5) + g2 (2Xi + 25))Tr (Y YT)

ele
—20 (4592 (2Xi + 5) +800g2 + g2 (18Xi + 85))1&(}@3@* ) + 180Tt (YdYJYuYJ ) + 1800Tr (Y Yy, YT)
+ 5400Tx (YUYJ Y, YJ) )

(35)

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

(38)
The mixing matrices are parametrized by
7 _ cos Oy —sin O (39)
sinOw  cos O
1 1
A ( Ji Z\/j ) (40)
2 2
(41)

10



4.2 Rotations in Mass sector for eigenstates ’EWSB’

4.2.1 Mass Matrices for Scalars
e Mass matrix for Higgs, Basis: (¢1,¢2), (61, ¢2)

1 1
3 (6/\11;% + v3 (/\3 + A+ 3?(/\5») +m3  Lvivg (2 (/\3 + A4) + 2§R(>\5)) + %(mlg)
mj = ;WQ (2 (Ag + >\4) + m(&;)) + ?R(mlg) 2% (6A2v§ to? (Ag At &%(Ag)))) +m2 (42)
This matrix is diagonalized by Z7:
ZHmiZH’T = mgfﬁ (43)
with
¢1=> Zih;, Po = Z Z%h; (44)

J J

e Mass matrix for Pseudo-Scalar Higgs, Basis: (01,02), (01, 02)

, Lo+ o3 (= R(%s) + s+ M) ) +m? v1aR (A ) + R (maz) +egmi(2)
on = zm
U1U2%(A5) + %(mlg) %(2)\2’0% + ’U%( - %()\5) + A3+ )\4)) + m%
(45)
Gauge fixing contributions:
Ly? © © *a C) © ’
V7 (gl sin Ow + g2 cos W) 2U1V2 (91 sin O + go cos W)
m*(&z)=| * " 4 (46)
ivlvg (gl sin Oy + g2 cos @W) %v% <91 sin Oy + g2 cos @W)
This matrix is diagonalized by Z4: _
ZAm%0 Z4T = m3i%, (47)
with
= ZpAY, o= ZpAY (48)
J J
e Mass matrix for Charged Higgs, Basis: (Hf*, H;*) , (Hf’,H;')
1y .2 2 2 1 %
= A3v5 + A\v7 +m *()\4—5-/\5)1}1@2-1-771
2 233 1 1 2 12 9
o= 2 VTR T | i) (19)
50102\ A4 + Ay ) + M2 5A3V] + AUy + My
Gauge fixing contributions:
1,22 1,2
7950 7950U102
mQ(gwf) = l422 ! 4l22 2 (50)
1920102 29203

11



This matrix is diagonalized by Z7: '
Ztm?3,_ Ztt = mgf%,

with

+_ + 7t +_ + 7t
Hf = ZZlej ) Hy = ZZjQHj
J J

4.2.2 Mass Matrices for Fermions

e Mass matrix for Down-Quarks, Basis: (dp.q4,), (d*R,m)

myg = ( %vléalledT )
This matrix is diagonalized by U‘Li and U}é
UL maUpt = mdie
with

d,*
dr ia = E U ;iDL ja
to

d
dR,ia = E UR,ijD?z,ja

t2

e Mass matrix for Up-Quarks, Basis: (up q,), (u}‘%ﬁl)

My, = ( —%’UgéalﬁlyuT )
This matrix is diagonalized by U} and Ug
UL m, Ut = mdia
with

u,*
UL jo = E UL iUL ja

to
URioe = Z U}f{,ij U;x’,.,ja
ta
o Mass matrix for Leptons, Basis: (er), (e})
Me = ( %'UQ}/;T )
This matrix is diagonalized by U7 and Uj

e,* et _ . dia
U, "mUg" = myg

12

(51)

(52)



with

€, %
€L, = E UL,jiEL,j
to

_ e *
eri = UpiiPh,

to

Vacuum Expectation Values

Tadpole Equations

ov

o1
ov

9o

Particle content for eigenstates >EWSB’

1
T4
1
T4

1

1\@
1

2\/5

+
+

1
V2
1
V2

—v + 11—

—Uy + 11—

1
\/i 02

(202 (maz + miy ) + o1 (4003 +m2) + 03 (2(2s + M) + A5+ 23)) )

(201 (a2 + miy ) + 40008 + vz (4m3 + 03 (2(As + \a) + 25 + 15 ))

Name Type complex/real  Generations Indices

h Scalar real 2 generation, 2

A0 Scalar real 2 generation, 2

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
vy Vector real 1 lorentz, 4

Z Vector real 1 lorentz, 4

W= Vector complex 1 lorentz, 4

n¢ Ghost real 1 color, 8

nv Ghost real 1

13
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n? Ghost real 1
n- Ghost complex 1
nt 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 Higgs (h)

1 1
I,;(p?) = +2( - ngS + Bo(p” m2vaQZ>)FZj,Z,ZFm,Z,Z + 4( - §TMS + Bo <p2’ m%v—»mgv—))rzj,vvtvv—rﬁuwhw—
—Bo (pQ’ mfl_ ’ mg]‘)rﬁi,nlmfrﬁjml,n* —Bo <p2, mfﬁ”m%*)rﬁi,njmwrﬁjmf*m*

1
— Bo (pZ’ mflz ’ miz)rﬁi,n?,nzrﬁj,né7nz + AL, W w- ( - irMSm%V, + Ao (m%V*))

2
1 1
+ 2%”%2)2( — g™MSm3 + Ao (mé)) P > Ao (miz)rhiﬁj,Az,Aa
a=1

2
1
= Ao (m?{;)rﬁiﬁj-ﬂjﬂi — 524 (mia)%,m,hmhu
a=1

a=1
1 2 2
2 . 2 2 * 3
t3 > Bo(p?miy. m )T o g ag,ag
a=1b=1
2 2
2 2 2 *
+>_> Bo (p ’mH;’mH;) hy oy VR
a=1b=1
2 2 1 2 2
2 2 2 X } 1 2 2 2\ }
+ By (p 7mh,avmAg)th7ha,Ath,i,ha,Ag + B E : E :BO (p 7mha’mhb)rhj,ha,hbrhi,havhb
a=1 b=1 a=1b=1
3 3
2 2 2 Lx R Rx L
—6> ma, Y Bo (P .My, mdb)mdb (th,da,dbrﬁiﬂa,db + ij,Ja,deﬁi,Ja,db)
a=1 b=1
3 3
2 2 2 Lx L R+ R
+3 Z Z Go (P 1My mdb) (Phjv(javdbrhivgaadb + thaga»dbrhia(ia7db)
a=1b=1
3 3

2 2 2 Lx R Rx L
-2 Z Me, Z BO (p ’ mEa ? meb) Mey, (FEJ ,éa,ebrﬁi,éa,eb + Fﬁj,éa,ebrﬁi,éa,eb)
a=1 b=1
3

3
2 2 2 Lx L Rx* R
* Z Z GO (p Meq) mgb) (Filjvémebrilmém% + thvéavebrhivéaveb)
a=1b=1
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3 3
2 2 2 Lx R Rx L
—6 Z Muq Bo (p 1 Mg m“b> M, (Phjvﬂayubrilmﬂayub + th7ﬂa7ub1—‘hivﬂa»ub)
a=1 b=
3 3
2 Lx L Rx R
+3 Z Z Go (p ’mu ’m ) (Fh]yuaaubrﬁi;aayub + th,ﬁa7ubrﬁi,ﬁa,ub>
a=1b=1

2
2 2 2
+ZF" 24 ke ZAOFO<p on,mZ) +2th W H;Ffzi,WJr,H;FO(p 7mefvmW*)

e Self-Energy for Pseudo-Scalar Higgs (A°)

2\ _ 2 2 2 o o _ 2 2 2 o o
I ;(p7) = —B()(p ’mn*’mn*)FA?,n‘m‘FA?,n‘,n‘ B()(p ’mn+7mn+>FA?7n+,n+FA?7n+,n+

1 1
+ 40 a0 (— STMSmi, - + 4o (m3-)) + 20 a2z - STMSm, + 4o (m%))
1 2
752140(7712‘42)1—“4 AO AO ZAO( ) AO AO H+ H*
3 ZAO (mh )FAO A0 hohe T 5 ZZBO (p on,on>F*0 a9, 40140 a9 a9
a=

+ZZBO(p m; o )FAO HE H;F/\?,HJ,H;

a=1b=1
+ZZBO<1” ™., va°> 10,1, 40T A9 A9
a=10b=1
2 2
L I T o
+§ZZ P’ mi,, i, A% by A hashy
a=1b=1
2 Rx L
_GZmd ZBO(p m, ’mdb)mdb (PAOd deAO da,ds +FA?,Ja,deA?,Ja,db)
a=1 b=1 .
+3ZZG0<p mg, ’mdb> (FAOd deAO da,dy FAOd deAO da,db)
a=1b=1

Lx R Rx L
-2 Z Mea Z Bo (p me,m; )meb (FA‘;,éa,ebFA?,éa,eb + FAg?,éa,ebFA?,éa,eb)
a=1
3 3
L
+ Z Z GO (p mea M ) <FA0 €q ebFA?,é,,, ep 1—‘AO ,€a ebFA0 ea,eb)
=1

3 3
R L
—6 Z M, Z Bo (p mu ,m )m“b (FA0 Ua, ubFA?ﬂa,ub + I‘AO JGa ubFA?ﬂla,ub)
a=1
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3
2 2 2 Lx* L R
+3 E E GO (p ’mUa7mub) (FA?,EQ ubFAO T ,Up FAO g ubFA?,ﬂa,ub)

2 2 2
m b a2z, FO (p mhb’mz) + QZFAO w - L ao,w+ iy Fo (p ,mH;,mW,)
b=1

e Self-Energy for Charged Higgs (H ")

1
1L (p?) = +4(—7rMS+BO(p 0,miy- ) )T e it v +4( = M8 + Bo(p?my - m?))

2

2 2 2
_WBO(p ﬂﬂﬁza7nn+

_ . 2 . _
)Ffiﬁnﬂnzrh’;,n*m Bo(p mn,,m Z>FH+ Zn- FH;,an*

1
+ 4FH;,H]+7W+,W- ( — ngSmgvf + Ay (m%v,)) + 2FH;,HJ'.*'7Z,Z< — §rMSmQZ + Ay (mQZ))

1 2 2

- = Ag(m20 )T - 5 — Ag(m?2 )T y- 5
2 O\"*Ag )t HHT,A9,A9 o\"u; )t B B HY HY
a=1 =

2
FH;,'j,ha,h + E :E :Bo(p ’mH ’mAO) HYH; AOFFIJ,H;,AS

2
+Z BO(p27m

2 2 *
H,:’mhb) H_j,H;,thHj,H;,hb

R Rx* L
6 Z Mg Z Bo (p m“ ’mdb)md” (FHJr ﬂa,deH;r>ﬂa,,db T FHf,ﬁa,7deH ua,db)

a=1 b=1

L R
+3ZZGO(}7 m" ’mdb> (FH+,ua,deH+7ua,db FH+,11 de i ;u(mdb)

a=1b=1

2 L
- ZZm”a ZBO (p m” ’meb)meb <F l/mebFH+ Va,ep T FH+ Va,ebFH:rf/meb)
b=1

Lx L R
+ Z ZGO (p ml’a m ) (F K 7I/a ebFHj,Da,eb FH+ v bFH;r,Da,eb>

a=1b=1

2 2 2 2 2 2
E:Ffﬁw LAY H*,W*,AQF()(p’mAS’mW*) ZFH+W hy H?,WﬂthO(p’mhb’mW*)

2 2 2
+ZFH+77H7PH+7H—FO(Z7 mH ) >+ZF +Z’H;FH;F7Z7H;FO(p 7me*7mZ>

e Self-Energy for Down-Quarks (d)

2 3
M A
a=1b=1

2 2 L* R
ms ,m Z mg 'S
dy> ha) djshady T g hady
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*

HY,Z,W-

(71)

r

ar.zw-



2 L R
+ E g By (p mub, m )Fde;’ubmude_%H;ub
a=1b=1

+Zmd ZBo(p m2, ,on)rg*d T

3
]_6 1 2 2 Rx L
_3;(—21&\/[8—&—30(]9 ,mdb,O))I‘dwgdbm alg 4= 2

-

1 2 Rx L
4 ( §MS+BO(p mdb?mz))I‘jj’Z’dbmde(ii7Z7db

2 3
1
R 2\ __ 2 2 2 Rx R
ZiiP7) = -5 > > B (p ’mdb’mha)rij,ha,dbrii,ha,db
1 2 2 2 Rx R
- §ZZB1 (p mub’mH;)F(ij,H(f,UdelmH;,Ub
3

3 2
1 2 Rx R 4 2 2 Lx L
- 22231(1’ M4, vaO)Fd da,A? ol'g, oda, A 3;B1(p ’mdb’O)F dj.g, dedugadb
a= = =

)
Il
-
o
I
-

3
B 2 2 L L L L
D> Buip ’mdb’o)rdmdbrdwdb ZBl(p My M~ )F W W

77

- Y B ( 2 m> m2>I‘2* r
L\ My 2 )0 4, 7.0, di 7.4,

2 3
1
L 2\ _ 2 2 2 Lx L
207 = D) ZZBI (p ’mdb’mha)réj,hmdbrii,ha,db
1 2 2 Lx L
— e Bt mlmy )Tk T
3 2
1 Lx Rx R
_52231(17 mg, ’mA0>Fd dg, AD dl,da,AO_ ZBl<p mdb’O)F ],gdbrdi-,g,db

a=1 b=

3
_ § 2 2 Rx R § Rx R
Bl P 7mdb,0)r‘d]7’y dbrdl,’y dy Bl (p mubamW )Pd],W*,ubF(L,W*,ub

=

— B ( 2 m3 m2>Flj* re
P> M, Mz dj,Z,dy di,Z,dy

e Self-Energy for Up-Quarks (u)

17

1 2,2
( — ngS + By (P 2 M, s 0))Ffijmdbmdb

Rx*

L

I
d;yy,dy



2 3
S
55,07 =+ Bo <p27 M, My )FL]*,HQ M UE

2 3
2 2 2 Lx R
+ E :Bo(p ’mub7mha)Fﬁjvha7ubmubrﬁi7haaub
a=1b=1
2

3
L R
+ g Moy, E BO(p mu 7mAO>Fu],ua,AgFii,ua,Ag

3 3
16 2 Rx L 1 2 2 Rx L
B ? Z ( - §I"MS + Bo (p mub’ O))Fﬁpgwbm“brfbmgwb —4 Z ( - §I“MS + Bo (p 2 My 0)>Fﬁj»%ubmubrﬁi,%ub
b=1

<
Il
—

- 7I‘MS + BO (p 7mub7 ))FR*Z ubmub]‘—‘ﬁl,Z up

1 *
5 rMS + BO (p mdb ) mW ))ngvw+ydbmdbré1va+vdb (75)

™
S
=
7

|

|
DO |
]~
R
oy}

~

S|

[\v]
3

&

Rx R
Hg )FuJ,Ha 7de17i7H;r7db
1 2 3
2 2 2 Rx* R
D) Z Z B (p 1 Mgy, 5 mha)rﬁj sy L s, ha g

a=1b
3
2 2 2 Rx* R Lx L
§ By (p vmuaﬂmAg)Fﬁj,ua,AgPﬁi,ua,Ag - E :Bl (p mUb’O)FuJ,q7ubFﬁi,g,Ub

3 3
2 2 Lx L 2 2 2 Lx L
- E By (p 7mub70>rﬁj,7,ubrﬁi,'y,ub - § :Bl <p ’mub’mZ>FU],Z7ubFﬁhZaub

b=1 P
3

=2 B ma iy )F cwra,Ewa, (76)
b=1

L (2 R s 9 . 5
X ):752231(17 s Mg, , M Q)FuJ’Ha 7de7ji,H(j—,db
a=1b=1

20:1(,:1 1 s Moy T10R, T hayup ™t iy ha,up
1 3.2 2 2 L z . .

752 Bl(p 7mu{,,am )Fuﬁua,Agl—‘ﬁi,umAgf ZBl(p mubvo)r ,gubrqji’g’ub
a=1b=1

3
2 Rx R Rx* R
- § B, (p amubv O) Fuj,’y ubFﬁ“%ub E B (p mubv mZ)FuJ,Z,ubFﬁi,Z,ub
b=1 b=1

18



3

Z Rx* R
N Bl (p mdb ’ mW )Fu17W+7deﬁiaW+adb

b=1

e Self-Energy for Leptons (e)

S

2
2
a=1b

2
%75(0%) =+ Z

a=

3

L R
§ B0<p meb’mh )Fe7, ha,ep ebréi,hmcb
b=1

3
E 2 Lx* R
Bo (p myb’ m )FewH;vamubFéuH;,Vb
=1

3 2
2 Lx R
+ E Me, § B()(p Me, 7mA°)Fe],ea,A2F§i,ea7Ag
a=1 b=1

IMS + Bo (p?,m2,, 0) )TE  me,TE

~rMS + By (pz’m%,mgv ))Ffﬁw,’ybmybrg’w,,ub

2 3
1
50 =5 3 B mmi B, TR,

1 2 3
2 2 Rx R
T 9 Z ZBI (p ’me’mHu )FG Ha 7”bréi7H¢:7Vb

2 2 Rx* R Lx L
By (p Me, vaO)FeJ,ea,A ]‘—‘e“ea,AO E :Bl (p meb’())FE vebréi,%%

3

2 2 2 Lx L Lx L

p 7mubamW*)Fé]‘,W*,ubré E :B1<p meb’ )F Zebrémzaeb
b=1

b=1
L 1 2 3 . i
Ei,j 52231 (P me,7mh )Péj7ha:ebréi,ha76b
1b=1
—122:23331(172 m2,m2 )Tk, Tk
2 a=1b=1 T T €, Ha vy €i,Ha vp
1 3 2 2 2 Lx L R R
_ 5 Bl (p 7meaamAg)Féj7ga,A 1—‘61,6@,140 ZBI (p mew())l"ej’%ebl"éi,%eb
a=1b=1
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3 3
2 2 2 Rx* R Rx R
- ZBl (p 7mub’mW_)Péj,W*,ubFéi,W N7 ZBl (p meb3mZ)FeJ,Z eb]‘_‘e“Z ey (80)
b=1 b=1

e Self-Energy for Z-Boson (Z)

H(pQ) = +|Fz,n1,nf ‘2300 <P2’ m127*7m37*) + ‘Fz’nl,n+|2BOO (P2»m$,+am37+>

1
—Tzw+w- \2(10300 (pz,m‘%v,,mf,v,> + 24, (m%v,) — 2rMS(2m%V, — §p2) + By (p mW 7mW )(Qmw + 4p )

2 2 2
1 1
+3 >~ Ao (mzAg>FZ,Z,A3,A2 +> Ao (mif,;)rz,z,Hi,H; T3 DAy (mia>FZ,Z,ha,ha
a=1 a=1 a=1

A

/

2 2 2 2
2 2 2 2 2 2 2 2
—42. 2 Tz, Boo(p ’mA‘J’mha) 74ZZ|FZ,H§,H§| Boo(p ’mH;’me‘)
a=1b=1 a=1b=1
+3ZZ |:( Zd db|2+|FZd db| )Ho(pQ?m§a7m3b>
a=1b=1

+ 4B, (p27 m?la ) mfzb ) mq, mq, (Fé*da s Fg,ga dy ) ]

3 3
+ Z Z [('FZ ea,eb|2 + |FZ ea,eb| )HO (an mgaamgb)
a=1b=1
+4B (p2 )meameb%(FZe ebFZe eb)}
3 3
+SZZ|:( Zuavub|2+|r‘zuaub‘ )H0<p2’mia’m72tb>
a=1b=1
+4BO (p27 )mu mub%(ré*ua,ubrg ua,ub)i|
3 3
+ ZZ [( Z,Uq, ub|2 + |FZ Wa, ub| )HO(p27m3a7m12/b)
a=1b
+ 430 ( )myaml/b%(Féj‘l;(quFgﬂjaﬂ/b)}

2
+ 22 T 5w+ |* Bo <p27m$,‘,,,m§{b,) + 3 Tz, 2,[° Bo (p27m227m}2”)> +20MSmiy T 4 e -
b=1 b=1
— Ao (m%/V—> (4F1Z,Z,W+,W— + FQZ,Z7W+7W— + F%,Z,W‘*’,W—) (81)
e Self-Energy for W-Boson (W)

3 3
I(p?) = 2rMSmiy, Ty WA W W 322 K Wi, db|2 + [0 | )HO (pz,mia,mflb)
a=1b=1
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2 2 2
+4Bo (p,m2 3, Yma,ma, R(TE o T )| = 4D D0 Pupe s agPBoo (02 mg m2 ) =43 30y

a=1b=1 a=1 b=

[

2
+ 4By (p27ml2/a7mgb)mebm’/u§}e<rw+ Da ebFII;tVJr,Da,eb)} + Z ‘FW+77,H; |2BO (p27 O,mi{;) + Z |FW+,W*,hb‘QBO (p27m124
b=1 b=1
(82)
8.2 Tadpoles
5t = 4+ Ag(m2_ )Ty, = -+ Ao(m2 )Ty, = o + Ag(m22 )Ty -
h O\ ) b=~ O\t )4 gt 0\"Z )% hi % n%

2
1 1
+ 4FiLi,W+,W 2rMSmW + Ao (mW )) + 21—‘}'“’2’2( - irMSmQZ + Ao (m%)) - 5 Z AO (mig>rﬁi’A2’Ag
a=1

2
1
- ZAO (mif; U nfmr =5 ZAO (mia>rhi’ha’h“
a=1

+62Ao(m a)mda( o, +Fi,da,d>
—|—2ZAO(7’TL a)'fnea( ﬁ Z..e Fg-é E)
63 do(m2 Y (5 4T L) (53)

9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

1 *
(=X +0) (28( - 0nzhzd + 23 (- iz + wzih)

+ 24 (w22 + 78—zl + w2h)) (84)
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1

(zg (<A5 + A;)Zfl (mz,g + vzz,ﬁ) + 24 (4A2vgz,§§ o (2/\3 F 2 A — A;)Z,ﬁ))

2
+ 24 (% +23) 2 (00285 + 02 28) + Z3 (a1 20 + 02 (22 + 200 = X5 = X5 284 )) (85)
hi
/
/
/
/
//
0
A mmmmee !
\
\
\
\
\
h;

1
—5 (=X x) (- 28 (0 2fi 28 + 23 (v 28+ wzfl)) + 28 (2828 + 2 (w2l +wzll)))  (86)

Hy
//
0 /
/L Q- /
\
\
Hy
1
—5(—uzd+uazd) (- M+ 2) 2525 + (= %+ M) 2521 (87)
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‘
2
+ 7

(28 (22 + 20+ 25 + X)) 20 (0128 + 02281) + 23 (12200220 + 01 (20 + 200 + X5 + 3) 211 ))

H ((2>\3 20+ s+ A;.;)Zg (vlz,fg + UQZ};{) +zH (12A1vlz,ﬁ + v <2>\3 20+ s+ A5)Z}j§)))

(88)

B %(ng (775 (22022 + 01 (M + X5) Z3%) + 2 (20225 + (M + 25 )01 234 ) )

+ 28 (Z5 (1 Zf + o (M4 28) Z5) + 25 (200 2h + (0 + ) w2 )

9.2

Two Scalar-One Vector Boson-Interaction
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0
_ = <g1 sin Ow + g cos @W) (Z;}Zﬁ + zgz;g) ( — i+ pﬁf) (90)
W,
0
L — -
\\
\
Hj_
1 HT A©
59:(Z425 + 2825) (—md +pil) (91)
Wl:
4O o
‘ \
\\
+
Hj
1 At Azt Hf A
§Q2<Zﬂzj1 +Zi2Zj2)(_pu' "‘Pu') (92)
Wi
[F—— -
\\
\
H;
{ ZHZ+ ZHZ+ H; h;
—592( %145 T Ligliy )\ — P TPy (93)
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1 HY .
§gz(ZﬁZj+1 +ZB725) (—pu’ + k) (94)
T
h
\
+
Hj
i ) - N HY | HT
3 (91 cos O + gosin @W> (Z“Zj1 + ZZ-QZJ-Z) ( —pu’ +Pu ) (95)
Z,
h
\
+
Hj
i : + 7+ + 7+ Hf | HS
5( — g1 8in O + go cos G)W) (ZﬂZj1 + ZZ-QZJ.Q) ( —pu’ +Dpu ) (96)
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9.3

One Scalar-Two Vector Boson-Interaction

S (28 +0228) (9on) (97)
Zy
T —
Zo
; 2
5 (91 sin Oy + g2 cos 9W) ('Ul Z + v Zg) (gou) (98)
Tu
H --—-
Wy
%glgg cos O <v1 Zh+ 'U2Z¢+2) (gau) (99)
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- %glgg sin Oy (m Zji + UQZZTE) (gw) (100)
W
Hf --<-
Yo
%glgg cos Oy <v1 Zh+ 'UQZ;E) (gau) (101)
Z,
Hf --<-
Wy
— %glgg sin Oy <’U1 Zjl + UQZ;;) (gau) (102)
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9.4 Two Fermion-One Vector Boson-Interaction
v
Jia
djp
by 1=
29361]Aa1/j (7/1, 2 ) (103)
7 ~ 1 + V5
+ _5936”)\&:3 (’yu o ) (104)
Tu
Jia
djp
B} . 1—
— Eéaﬁ(sij ( — 3¢ sin O + g1 cos @W> ('Yu . T%> (105)
i 145
+ 391 cos Owdap0i; ('yﬂ i ) (106)
Z:U«
Jia
djp
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J . 1—"s
%60436” <3gg cos Oy + g1 sin G)W) (W 3 ) (107)
) . 1+ s
+ —%915(155”’ sin O, ('yﬂ . B ) (108)
Wl
aia
djs
3
. 1 d,* u 1- V5 109)
I S A P Oy :
\/592 /6(12::1 L,j L, 123 2
Vi
€;
€j
] . L—7s
%&j (gl cos O + go sin @W> (WM g ) (110)
1+
+ i91 COs @V[/(S” (’}/M . 275) (111)
Zy
€;
€;j
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1

1—7s
561»]» ( — g1 8in Oy + go cos GW) (7;1 . 27 ) (112)
1
+ —ig10;; sin Ow (W : —;%) (113)
Wl
i —<
€
1 e, 1- V5
- ZEQQUL,ji@@?) ('Yu : B ) (114)
v
ujip
) % 1-— V5
- 5935”)\(1,5 <7,u : 2 ) (115)
1 145
+ —593%)\2,;3 (% i ) (116)
Tp

Ujon

ujp

P



1=

) .
— géaﬁéij (392 sin Ow + g1 cos @W) (’yﬂ g ) (117)
21 1+
+ — 59108 Ow b (% : 275) (118)
W,
Jia
Uujp
3
i gabas S U U, (3 1*75) (119)
\/i po L,ja sia \ T} 2
Zy
aia
Ujp
‘ : I—15
— 6(5&55”- (392 cos Oy — g1 sin @W) (’yﬂ . T) (120)
2i . T+9s5
+ 59150155”» sin Oy ('Yu . T) (121)
Wy
€
v
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. 1 e 1- V5
- ZEW@MUL,M (’Yu T ) (122)
Zl‘«
v;
vj
i : 1=
- 55”- (91 sin Oy + ga cos @W) ('yu . T) (123)
9.5 Two Fermion-One Scalar Boson-Interaction
A)
/
/
/
/
B /
dia {
djs
1 3 3 1—~
d,* d,* —I5
- 75&/3 Z UL,jb Z UR,mYd,abecql ( 9 ) (124)
\/§ b=1 a=1
1 SR 147
% 5
+ —=0ag Z Z Vi wUs saUL 214 ( 5 ) (125)
\/i b=1a=1
A
/
/
/
/
/
— /
€;
€j
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3

3
7 LU Ui () (126)

w\l

3
1475
7 ~ Z:: e, abUR _]aUL zbZk2< 9 ) (127)
AR
/
/
/
/
/
Ui 4
ujs
1 3 3 -
w,* w,* A — )5
- ﬁ‘saﬁ ; UL,jb az::l UR,iaYu,abZkz ( 2 ) (128)
1 3 3 144
* u u 5
+ —=0as Z Z Yu,abUR,jaUL,inl?Q ( ) (129)
\@ b=1a=1 2
hy
/
/
/
/
/
J- /
djp
1 3 3 -
—imbas Y UL S URS Yaw 2, ( 5) (130)
\/i b=1 a=1 2
1 3 3 .
5
+ - GBZZYd abUR]aUL zbZkl( ) (131)
\/5 b=1a=1 2
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aia
djp
3 3 -
. d,* U, — /5
— i ; Ui, ; UiYoaZia(—52) (132)
3 3 14y
. . 5
+ —idap Z Z Yd,abUI%,jaUE,inljl< 5 ) (133)
b=1a=1
h,
/
/
/
/
/
- /
€
€5
;3 3 -
. e,* e, — )5
BN D UL UR,mYeyabszé( B ) (134)
b=1 a=1
JRA 1+7
. * e e 5
+ -1 Z Z Y Uk aUE v Zith (T) (135)
\/5 b=1a=1
H,!
//
/
7z
€;j
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(136)

b=1a=1

3
. * e 1 + 5
+ 7ZZYe,aiUR,jale2< 9 ) (137)
a=1
Iy
/
/
/
/
/
aia /
Ujip
1 3 3 1—~
- Uy * Uy * — /5
Zﬁ‘saﬁ Z UL,jb Z UR,iaYu’abZlg (T) (138)
b=1 a=1
1 3 3 14
=08 3D YiaUk Ut a2 (—52) (139)
\/i b=1a=1
Hy
/
//
d; {
ujs
3 3 1—
. w,k * — /5
— i0ag Z UL Z U}%’,ia,yd,abzijl ( 5 ) (140)
b=1 a=1
3 3 1+
. % " 5
+ —i0ap Z Z Yu,abUIT%,jaUg,inIjQ( B ) (141)
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3
) 1—5
ok +
—1 Z U}%,iaYemZkz( 9 ) (142)
a=1
9.6 Three Vector Boson-Interaction
v
YGap
9po
93fa,p~ (gp# ( —por + pi“") + 9po ( —pir + pi’ﬁ") + 9ou ( — )’ 4 pJ )) (143)
W;
+
Wﬂ
Yo
S W, wt wi - W,
igo sin Oy (gpu( —po" + Do ) + gpa( — Pu erj) + g,m( =D, +Dp )) (144)
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Wp
W,
j Zy 4 W Wy We -
—ig2cos Ow (gpu | — P5" + Do + Gpo| —Pu” + Dy + Goul —Pp 7 + D" (145)
9.7 Four Scalar-Interaction
A} A)
\ 7/
\ 7/
N 7/
\ /7
\ 7/
\N 7/
/7 \
7/ N
/7 \
/7 \
7/ \
A9 Al

i
2
+ 23 (1202228 + (22 + 20 + X5 + X3 2024 ))

(24( (22 + 22+ 2+ X3) 23 (205208 + 20521

+ Z3 (20 + 20 + X+ 23) 23 (2028 + 2521
zi(

120 ZAZ4 + (2)\3 20+ s+ A;) Z,j‘zzg))) (146)
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—5 (=X 0) (28(28 (- 228 + 2v2ll) + 2 zis 2

+ 24 ( - zhzial] + 7 ( -zt 2 + 22l (147)

1

(za((rs +3) 2z (2828 + 20328) + 2 (226 + 20 = Xs = X5) ZH 20 + De2(32E) )

2
+ 24 (Vs +23) 2 (2028 + 2028) + 23 (2% + 20 = X5 - X)) 2028 + anzfizll)))  (4s)
H H;
\\‘K ,
\\,’
/7 \
/ \
/ \
/ \
/ \
/ \
A0 A0
? J

1

(24 (225 (2028 28 + 228 2%) + 23 (M +23) 28285 + (M + %) 252 41) )

2
+ 28 (220 (22825 + 22525 ) + 24 (M + X5) 25285 + (M + 2s) 2571 ) (149)
hy hi
\ /
\ /
\ /
\ /
\ /
\N7/
/7 \
/ \
/ \
/ \
/ \
/ \
A h;
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1 *
— 5 (=X ) (28 (201 (2828 + 20428 + 23208 2E)

- 27282878 + 25z 28 + Z42l) ) (150)
Hf Hy
\\ ,
\\/’
/7 \
/ \
/ \
/ \
/ \
/ \
A9 h;j
7( —ZAzh 4+ Z;;Zf{) (( Mt )\;)Z]leg + ( ~ st A4)Z,;gzl+1) (151)
hy hi,
\ /
\ /
\ /
\ /
\ /
\N7/
/7 \
/ \
/ \
/ \
/ \
/ \
hi h;
i
— (28 (22 + 220 25+ 03) 2 (2828 + 21421
s (12/\2Z,f§Zf§ + (2>\3 20+ A+ A;)zﬁzﬁ))
+ ZH (220 + 20 + X + X5) 283 (2028 + 285217
+ M (mlz,ﬁzg + (2>\3 20+ As A;)Zgzg))) (152)

Hf Hy
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~ 5 (78 (7 (a2 + 2oz 7i) + 231 ((ao4 33) 2250 + (a4 35) 207 ))

+ 28 (225 (2M 2525 + 22575 ) + 25 (0 +23) 2825 + (M + %) 25771) ))

(153)

H} HF

—i(25 (225 (202025 + 220215 ) + (N + M) 25 (228 + 25247 )

+ 235 (225 (2052 + 3z 2 ) + (Vs + M) 252525 + 2577) )

(154)

9.8

Two Scalar-Two Vector Boson-Interaction

W, Wit

v

)
593 (Z{?ZjAl + ZSZJAQ> (g/u/)

(155)

Zu ZP«
/7 \
/ \
/ \
/ \
/ \
/ \
0 0
A Aj
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; 2
%(gl sin O + go cos @W) (ZﬁZjAl + ZSZ]-AQ> (g,w> (156)

+
Yo W,

1
— 59192 €08 Ow (ZﬁZ;rl + ZSZ;FQ) (gw) (157)

Z, Wt

1
S91925in Oy (Z;;Zjﬁ + Z;‘;ng) (gW> (158)

W, o

1
59192 cos Ow (ZﬁZf1 + Z{ngE) (gw) (159)
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— 591925 O (Z;}Zjﬁ + Z;;ng) (g,“,) (160)

W, Wit

1
s (2l 2]+ 25203 (gu0) (161)

(91 sin Ow + go cos @W)Q(ZgZﬁ + Zngg) (gw) (162)

DN .
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iglgg cos O (Zng‘q + Zng'E) (gw)

(163)

Z, Wt

(164)

W= m

i
59192 cos Ow (Zﬁzﬁ + Zngg) (g,“,)

(165)
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Tv 7#
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, \
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s93 (252 + 25255 (9 (169)
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/ \\
— +
H; H;
, 2
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9.9 Four Vector Boson-Interaction
gsv Gyp
Gap 980
8 8
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a=1 a=1
8 8
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a=1 a=1
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+ ig?z, ( Z fa,'y,afﬁ,é,a + Z foz,ﬁ,af’y,&,a) (gpugcr,u)

(173)
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ig3 sin Oy (gpagw) (174)
+ igg sin 612/11 (gpugau) (175)
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Zl/ Zﬂ
wr W=
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9.10

Two Ghosts-One Vector Boson-Interaction
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9.11 Two Ghosts-One Scalar-Interaction
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/
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Clebsch-Gordan Coefficients
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