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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))

H 0 1 (1,2,1)
S 0 1 0,1,1
¢ | 3 3 (2.3
l 1 3 (—3.2,1)
d 3 3 (3,1,3)
u % 3 (_%v 1, 3)
e z 3 (1,1,1)

2 Lagrangian

2.1 Input Lagrangian for Eigenstates GaugeES
L=0

2.2 Gauge fixing terms

2.2.1 Gauge fixing terms for eigenstates ’GaugeES’

1 _ 1 _ 1 _
Lgrp = — §|6MB|2§B1 - §|aﬂg|2€g T §|auW|2§W1

2.2.2 Gauge fixing terms for eigenstates >EWSB’

1 _ 1 _ i _
Ler=— §|5u9|2§g T §|3u7|2§7 - | — 592H+U§W+ + 3uw+|szl+

1 1
— §| — §AOU£Z <91 sin Ow + g2 COS@W) + 8#Z|2§21



2.3 Fields integrated out

None

3 Renormalization Group Equations

3.1 Gauge Couplings

B = ﬁ 3 (4)
B = 791 (13563 + 19997 — 25T (Yax ] ) + 44093 — 75T (V.1 ) — 85Te (v, Y ) ) (5)
5Ly f%ggéz )
B — 79 3(— 15T (Yov) + 17563 + 27¢3 + 36043 — 45Tx (Vavy) ) — 45T (VY] ) ) @
B — —7g3 (8)
AR = 110 P ( ~11¢2 + 20Tx (YdYT) + 20Ty (Y YT) +260g3 — 4593) (9)

3.2 Quartic scalar couplings

(Lla)ms = 4(9Lam52 + LamSH2> (10)
1 —§(— 152 LamSH? + 15LamSH2Tr(Y Y*) +15LamSH?Tr (Y, YT) + 20LamSH? — 3g? LamSH? + 50LamS LamsS.
LamS — g 9o aYy am r{Y,Y, am g1 Lam amS Lam
(11)
D = —LamSH(lZOLamS 20Ty (YSYJ) — 4562 + 60X + 60Tt (Yde ) + 60Tr(YuYJ ) + 80LamSH — 99%)

10
(12)

) 1671

9 145 36
TomSH = T 400 giLamSH + 89192Lam5’H— —Gg 5 LamSH + Egl)\LamSH—i—?)Gg 2ALamSH — 15X LamSH — 120LamS? La:

1
— 144LamSLamSH? — 42LamSH? + Z( — 144X + 16092 + 452 + 597 — 96LamSH) LamSHTr(YdeT )

1 17 45
+3 (15g% +15¢2 — 32LamSH — 48)\) LamSHTr (Yeyj ) + - giLamSHTy (Y v ) + —g3LamSHTx (Y v )

2
+ 4042 LamSHTr(Y vi ) — 36ALamSHTr (Y vi ) — 24LamSH?Tr (Y vi ) _ ;LamSHTr(YdYTYdYT)

2
— 21LamSHTY (Yde Y, Y] ) _ gLamSHTr (YeYJ v.Y; ) _ gLamSHTr (YUYJ Y,V ) (13)
(1) _ 27 4 9 9 4 9 2 2 2 2 T f
BY) = o501 + 150395 + 198 — £9IA — 993X+ 12X + 4LamSH? + 12)\Tr(Yde> + 4/\Tr(YeYeT)
+ 12ATr(YuYJ ) - 12Tr(YdeT YY) ) - 4Tr(Y;YJ v.Y; ) - 12Tr<YquYuK:f> (14)



@ BUL g I6TT 4y 289 4 305 g IS8T T, T3
3= o009~ 00 9192 ~ 30 9192 8 R R T IR g 2

— 78" = 20ALamSH? — 2LamSH' + (225g§>\ —45¢% + 80(10g§ . 9)\) A+ 9t + g2 (25/\ + 54g§))Tr (YdY; )

30 (1591 + 5(16>\2 _5@2A+ g2) — g (2293 + 25)\))Tr(YeYJ) 15701 ATy (YUYJ)

+ %gngTr(Y YT) - 79211«(1/ YT) —792)\Tr(YuYT) + 4—592)\Tr(YuYT)

+ SOggAT‘r(YuYJ ) - 72A2Tr(YuYJ ) +z ngr(YdY YdYT) - 64g§Tr(YdY YdYT)

A+ 5—91)\2 + 54g2)\2

24
— 3ATY (Ydyj Y,y ) — 42)Tr (Yde Y,V ) - g%ﬁ(Yng v,Y! ) )\Tr( VAN A )
16
- gy (YuYJ Y, Y] ) — 64¢2Tr (YuYJ Y, Y] ) —3ATY (YUYJ Y, Y] ) 4 60Ty (Yde Y Y]vy) )
+ 12Ty (YdeT Yy, ) — 24Ty (YdYJYquT YY) ) — 12Ty (YdYJYuYJYqu )

+ 20Ty (YSYJY;YJ VAR ) + GOTr(YuYuT YuYJYqu) (15)

3.3 Yukawa Couplings

3
P =-2 ( VYV, + YquTYd)

+Y, (3Tr(YdYT) + 3Tr(Y YT) —8¢2 ;—gg% - %g% + Tr(YJj)) (16)

® _ +% (20(1va Y varya - VY Ya+ 6V VIV, - VY [Yaviy)
LY,Y]Y, (128(Jg§ - 180Tr(YeYj ) + 2237 — 480X — 540Tr(YdeT ) — 540Tt (YUYJ ) + 67595)

+Yu Y Ya (1007 (YY) — 128093 + 300 (Y] ) + 300Te (v, Y[ ) — 43¢3 + 4543 )

1187 9 23 19 3
Y ( 600 91~ 509192 = 92 + 159195 + 99395 — 10895 + SN+ LamSH”
5 15 7 45
+ §(3293 + 992 + gf)Tr(YdeT) =+ § (g% + g%)TI-(}/e}/GT) + §92T1‘<Y v ) + gQ%TI‘(YuYJ)

2 2
+ 20g§Tr(YuYJ ) — {Tr(YdeT YY) ) + gTr<YdYJ Y, Y] ) — %Tr(YEYJ Y;Yj) _ Z7Tr<YuYJ Y, v} )) (17)

1
B — 3 (6( YV, + YdeTYd)
- Yd( —12Te(Yav) ) = 12Tx (VoY) ) + 3265 — 4Te (VoY) + 963 + 63)) (18)
B2 = 20( 1YY, Y, Y, Y, — 4 Y YaYly, + 6v Y vay, v, — vaviv,y)y,
Yy, — 80 d d d d d d d d

Yy, (1zsog§ 180Ty (YYT) 418792 — 480) — 540Tr (Ydyj ) 5407y (Yuyj) + 675g§)



LYYy, (100Tr<Y v ) — 1280¢2 + 300Tt (Ydyj ) + 300Tr(Yqu ) +45¢2 — 7995))

12 2 2 1
Yd( T2 34,3

3
6009" " 20 9195 — 192 159193 + 99395 — 108g3 + */\2 + LamSH?

5 15 17 45
+ §(3293 +9¢2 + gl)Tr(YdeT) - (g1 + QQ)Tr<Y YT) ST (YuYJ) ST (Y YT)
2 i) _ 27 tyyt) o3 iy yi) _ 2 tyyt) - 27 ty yi
+ 2Og3Tr(YuYu) - ZTr(Yde Yde) + §Tr(YdYu Y,Y] ) - ZTr(YeYe YeYe> - ZTr(YuYu YUYU)> (19)
o= §YeYJYe + Y, (3T (vav]) + 3me(V) - % 2_ %g% +Te(vx[)) (20)

2 = +83 (40Y Yiv.yly,

Y.

+YYIY, (12991 — 160\ — 180T1~(YdydT ) - 180Tr(YuYJ ) + 22502 — 60Tr(Yng )))

1
+ 565 (137191 +270¢2g2 — 11503 + 3002 + 200LamSH? + 125 (3zg§ +9g2 + g%)Tr (Ydyj)
+375 (g% + gg)Tr (YQY(J ) + 425g§Tr(YuYJ ) 112562 Tr (YuYJ ) + 4ooog§Tr<Yqu)

— 1350Tx (YdeT YY) ) + 300Tr (YdYJ Y,Y] ) — 450Ty (YeYJYeYJ ) — 1350 Tr (YUYJ Y, v} )) (21)

3.4 Scalar Mass Terms

B8\)) =12LamSM2 + 8LamSHy* (22)
S

B2, = —% (75LamS2M§ + 5LamSH2M2 — 62 LamSHu? — 30g2LamSHp? + 20LamSH2p? + 30LamSHu2Tr(YdYT) +10Lam.
S

+ 30LamSHu2Tr(YuYJ)) (23)
9 9
BY) = 2LamSHMZ + 2u2Tr<Y v ) SV 6u2Tr(YdYT) + 62Ty (Y YT) — <59t — 393 (24)
1671 9 145
B2 = —8LamSHM3 + “og ST+ geieat — St + fglku + 3695 \u” — 1501 — 2LamSH??
1 3
+3 ( 144X + 160g2 + 45¢2 + 5gl)u2Tr (Yde) + Z( — 16X + 5% + 592),u2Tr (Yeyg)
1 4
gt (V) + Do me(Vayd) + 40T (vov]) - sone (Y.
27 o i i 2 il i 9 2 i T 27 o t T
- Su Tr(Yde Yde) 21y Tr(YdYuYqu) —5n Tr(YeYe YY) - Sn Tr(YuYu YuYu) (25)

3.5 Vacuum expectation values

1
AL = 2—011(159%)(1 - 20Tr(YeYj) + 3¢2Xi + 4592 — 60Tt (YdYT) - 60Tr(Y v ) +9g2 ) (26)



1
B2 = %v( —1293g} — 27092 g3 + 677595 — 120072 — 800LamSH? + 18¢1Xi + 18097 g2 Xi + 2250g5Xi + 18¢1Xi?

+ 18092 g2Xi2 — 450¢3Xi% — 20(45g§ <2Xi T 5) +800g2 + ¢2 (18Xi n 25))Tr(ydyj )
— 60 (593 (2Xi + 5) + g7 (2Xi + 25 ) ) Tr (vevT) = 170097 Tx (v, Y} ) — 450063 v (V)
— 1600062 Tt (Yuyj ) — 3602 XiTr (Yuyj ) — 1800¢2XiTr (YUYJ ) + 5400Tr (YdeT Ydyj)

— 1200Tr (YdYJ Y,V ) +1800Tx (YeYj YY) ) + 5400 Tx (YUYJ Y,V ))

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

The mixing matrices are parametrized by

7 ( cos O —sin O )

sinOw  cos O
1
A V2
i —is

4.2 Rotations in Mass sector for eigenstates ’EWSB’

S-S

4.2.1 Mass Matrices for Scalars

e No Scalar Mixings

4.2.2 Mass Matrices for Fermions

e Mass matrix for Down-Quarks, Basis: (dp.q,), (d*R;Bl)

ma = ( L5vdas YT )



This matrix is diagonalized by Ug and Uj‘%
UL maUst = mdie
with

d,*
dria = E U ;iDL ja

to

d *
dRjia = E Urij DR ja

ta
e Mass matrix for Up-Quarks, Basis: (ur q,), (u}}”@l)

My, = ( 7%1}5(1151}/17

This matrix is diagonalized by U} and Ug
UL m, Ut = mdia
with
UL iq = Z U 5UL ja
to

*
UR,io = E Ul%,ijUR,ja

t2
e Mass matrix for Leptons, Basis: (er), (e})
me = ( %’UYET )
This matrix is diagonalized by U7 and Ug
Us*m Ut = mdia
with
eri = Z Uz’;-iEL,j
t2

_ e *
eri =) UkiiEh,

5 Vacuum Expectation Values

1 1 1
H = —h+ —v+i—A°
V2 V2 V2

)

(36)

(37)

(38)

(39)



6 Tadpole Equations

ov

1
o= iw + pPv (47)

7 Particle content for eigenstates *EWSB’

Name Type complex/real Generations Indices

HT Scalar complex 1

S Scalar real 1

A0 Scalar real 1

h Scalar real 1

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

nY 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 Down-Quarks (d)

3 3

S (n2) — Z 2 2 2 \pLx R 2 2 2\pL« R
BT =+ lBo(p ’mda’m"‘o)Fdj.,dmAOmdaFdi,da.,AO+Zb 1Bo(p ’mdb’mh>rcij,h,dhmdbrd],h,db
= -

10



3
16 1 2 2 R+ L 1 2 2 R
3 bz ( - irMS + By (p Mg, s O))Fjj,g,dbmdbrcii,g,db — 42 ( — ngS + By (p ,mdb,O))Fdzjmdb de‘d“%db

1 b=1
i 1
- Rx L
B 42 ( 2 rMS + BO (p mdb7mZ>)F dj,Z, dbmdbrgi,z,db
b=1
3
2 .2 2 Lx R
+ 3 Bo(phml, mip U5 m, DE
b=1
5 1
2 2 2 Rx L
- bz: ( B §FMS + Bo (p My mWJr))FijaW”ubmubF 1, W= up (48)
=1
3
= (p 1ZB 2 m2  m? )rfﬁ* rf - ZB m3, m3 ) T8 T
2 ! p d ’ AP CijvdavAO CZmdavAO L p db’ h ], ,db gi,h,db
a=1 —
4 2
g bZ; Bl (p mdb’ O)F J!g db 1)9 dyp Z Bl (p mdb7 O)F Jv'Yvdedu'Y dyp
i 1
2 Lx L 2 2 2 Rx* R
Z B (p mdb’mZ)Fd_j,Z,de(i;,Z,db ) Z By (p 2 My, mH+)F5j,H*,ubFl,;,H*,ub
b=1 b=1
3
2 Lx L
By (p m“"’ mW+)FdJ7W_7ubFJi)W_)ub (49)
b=1
3
ZL(Q)——EZB m?2 ,m%, )L rt — ZB mg,,mj, )% T%
i,j\P) = 2 1 p s g, > Tt g0 dj,da, A0 d;,dg, A0 1 p dyr "R dj hydy dihody
a=1 b 1
3 3
4 2 9 R+ R 2 2 R+ R
N § ; By (p » My 0) Fd‘jag,dbrdxiagadb a ; By (p 1M, s 0) Fd:jrwdbrd;u%db
& 1
2 2 2\ ~Rx R 2 2 2 Lx L
- By (p ’mdb’mZ>F5j,Z,de¢Z,2,db D) ZBl (p ’mub’mH*)FJ]»,H:u,,FcZ,H:u,,
b=1 b
3
2 2 2 R+ R
N By (p 2 My mW+)F5j7W’ 7Ude;i7W’ U (50)
b=1

e Self-Energy for Up-Quarks (u)

3 3
S 2\ 2 2 2 Lx R 2 2 * R
Ei,j (p ) =+ E BO (p y My s mAO)Fﬁj,uonmua Fﬁi,ua,AO + E :BO (p > My s mh)ru] h ubmubrﬁi,h,ub
a=1 b=1
3 16 3
2 2 2 Lx R Rx* L
+ E By (p 7md;,?mH+)Fﬁj,H‘*',dbmdeﬁi,H‘*',db T3 E (‘ 5tMS + Bo (p My ))Fuj PRTLUTEN AP
b=1 b=1

11



ﬁw

ferSJrBO( muw()))I‘R* My, TE

Ui,y up ' UbT U,y ,Up

o
Il
-

p”Zu

(
( 1

2 2 2 Rx L
—rMS + BQ (p ,mdb,mW+>)Fﬁjvar’dbmdeﬁthr’db

2
b=1
3
43 (= S B (o ) ) T 2 1)
b=1
Efj(pz = —§ZBl(p2 mu ’mAO)Ff*ua,Aorg,un,,Ao - ZB1<p mubamh)rf*hubrg,h,ub
13
2 Lx L
_5231(10 mdbva+)F’ 1+ Vi dy ZBl<p mqu)Fu,qubFuz,q,ub
b=1
3 3
2 L L 2 2 2 L L
—Z By (p?m2, 00Tk T =S By (0P md, midy )T e a T s,
b=1
3
L L
— ZBl (pQ,mub7mZ)FuJ Zoun L 03,7, (52)

3 3
1 1
L 2\ E 2 2 2 Lx L z : 2 2 Lx L
Ei,j(p ) = 75 B1 (p 7mua’mAO>Fﬁj,ua,A0Fﬁi,ua,Ao - 5 Bl (p vmubvmh)FuJ,h ubrul,h,ub
=1 b=1

3
1
2 92 9 L R+ R
-3 E B, (p 7mdbamH+)Fu H+ deu“HJr dy — E :Bl (p mub O)Fuj gL B1,9,
b=1
R+ R 2 2 9 R+ R
- g 31( uby())Fu]ﬁubFuwub ZBl<P amdbvmW+)Fij,W+,dz,Fﬁi,W+,db
1 b=1

Rx* R
- Bl (pza mibv )Fu],Z ubFuq,Z Up (53)

e Self-Energy for Leptons (e)

w

3

a=1 b=1

3
1 " *
( — §I“MS + By (p2,meb, O))Fiﬁ ebmeb ezry e —4 E ( — *I'MS + Bo (p meba m2z)>rg§,Z,ebm€bFé,Z,eb
b=1

=

3
4
b
3
2 2 2 Lx
+ § BO(p 7myb7mH*)Péj,H_,meVbFéu b
b=1

12



3
_ 42 (— —rMS + By (p myb,mw+))1“e]’f ’mel,bFeL“ . (54)

b=1
1 3
R 2\ 2 2 2 Rx R 2 Rx R
Ei,j (p ) - _5 § By (p ’mea7mA(J)Féj,ea,AOFéi,ea,Ao - E :Bl (p 7meb7mh)re h ebréi,h,eb
a=1 b 1
3 3
2 L 2 2 2 Lx L
- § By (p vmewo)FeJﬁ eb]‘—‘el,’yeb § :Bl(p 7m€b7mZ>FeJ,Z€bF6LZ€b
b=1 b=1
3 3
1
2 2 2 Rx R 2 2 2 Lx L
D) 2 :Bl (p ’ml/b’mHJr)Féj,H’,VbFémHTVb o 2 :Bl (p ’me’mWJr)Féj,W’beFéi,W’,l’b (55)
b=1 b=1
3 3
1 1
L 2\ E 2 2 2 Lx L § 2 2 2 Lx L
E %] (p ) — 5 Bl (p ’mea ’ mAU)Féjvea7A0Péi7ea:Ao B 5 Bl (p 7me’77 mh)F€J7h ebreuh €p
a=1 b=1

2
3 3
2 Rx* R 2 2 2 Rx* R
- ZBl (p 7meb70)Fe Y ebre »Y>€b ZBl (p ’meb’mz>ré]‘,zyebréi»2,eb

b=1 b=1
3
_ 1 B 2 I\L* I\L _ B 2 2 2 FR* FR (56)
2 p Tnl/b”'nHJr oo €, H L\P My, Myy+ JL 2 W=t &, Wi
b=1 b=1

e Self-Energy for Charged Higgs (H™)

(p®) = +4|FH:W+,7|2< - %TMS + By (p27 0, m%w)) + | Tu- g+ n*Bo <p2> mir, mi) + 4Ty zw+ \2( - %TMS + By (pQ, n
— By (pZ’ miZa mg]*>FH+,n—,7fZFHﬂnlmZ — By (pQ’ m?ﬁym%Z)FHerZmlFH—,n’Z,w
- %Ao (mZO)FHtH*,AO,AO - %Ao (m}%)l—‘H*,H*,h,h - %Ao (m%)FHJr,H:S,S
— Ay (m%]Jr)rHJr,H*,H*,HJr + T - w+ a0 > Fo (pQ,mi‘o,m%/w) + T - w+nl*Fo (p27m%7m%y+)

1
+ Ty m+|*Fo <p27m%,+,0) + T y- 2.0+ > Fo (p2am§1+7m2z) + 4l g+ 5w w+ ( - ngSm%w + A (m%w))

3 3
1
+ 2FH+7H—72,Z( — irMSmQZ + Ay (m%)) + BZZ (|Fé_,d—mub|2 + |FRI;—,d_a,ub‘2>GO (p2,m3a,mib)

a=1b=1

3 3
L 2 R 2 2 2 2
S (I0h P+ TR ) Go (52 m2 2,
a=1 b=1
3

3
Lx R Rx* L
=63 ma, 3 Bo (o i Y (T P U P )
a=1

3 3
-2 Z Me, Z BO (p me ’mzb)ml’b (FL* 7e(L7VbFI}%I 1€a,Vb + FR* ,€as Vbré ;ea7Vb) (57)

a=1

e Self-Energy for Singlet (S)

13



1 1 1
I(p*) = +[Ts,5,11*Bo (p27 mg, mi) - 5140 (mio)FS,S,AO,AO - 5140 (mi>FS,S,h,h - 5140 (m%>FS,S,5,S

— Ap (m?ﬁ)FS,S,HaHJr (58)

¢ Self-Energy for Pseudo-Scalar Higgs (AY)

II(p?) = +|T 40, 40> Bo (p2,mi,m1240) — By (pz,mfﬁ, )I‘i‘o gt — Bo (p2,m3] ,m >F2

1
2
pU - _§AO(mA0)FA0,A0,A0,‘

1 1
- 5140 (m%)FAD,AO,h,h - 5140 <m2s>FA0,A0,S,S — Ay (m%H)FAU,AO,H—,H*'

1
+ 100,71 [2Fo (92, mi m ) + 2T a0+ 2o (p%m%ﬁ,m%w) 40 40w+ (= 5MSmdy s+ Ao (mi - ))

3
1
+2FAU,AU,Z,Z(_ §rMSmQZ+A0(mQZ)) +3 E ('FAUd db‘2+ ‘FADd dbl )Go(pQ’m?la,mzb)
a=1b=1

3 3
303 (050 ey 2+ [P g, 0 2) Go (222, )

a

w =

=1b
3

2 2 2 2 2
+ 322 ( A0 umub‘ + |FA0 ua,ub| )GO (p 7mua7mub)
a=1b=1
2 2 2 Lx R R L
-6 E :mda E :BO (p »mdavmdb)mdb (FAO du.dy L 40 a0y T 10,4, a1 a0, da,db>
a=
2 R L
-2 E Me, § By (p me 7meb)m5b (FAO €a, ebFAO Ea,el + FA” ,€a ebFAoyeaaeb)

-6 Zmua Z By (P my, ., my )mub (PAO a ubFAU,ﬂa,ub +T4 ﬁa,UbFAO,ﬂa,ub> (59)
a=1

e Self-Energy for Higgs (h)

I(p*)

= +%|Fh,A0,A0|2BO (pzamQAo,m?40> + %|Fh,h,h‘230 (P2,m;2”m%) + |Thm- m+*Bo (P2am?q+7m%(+> + %|Fh,S,S|2BO (pz,ﬂ
+ 4T w- w+ |2( — %rMS + By <p2, m%/V+,m€V+>) + 2|Fh’Z7Z|2< — %rMS + By (pz7 mQZ, m%)) — By (pz7 m?ﬁ, m?ﬁ)I‘i,
— Bo(p,m2 o m3 VT2 == B (P miem2 TR L - %Ao (m%0 ) Do, 40,40 = %AO () O

- %Ao (m%)rh,h,S,S — Ao (m?{+)rh,h,H*,H+ + |Th,z,40* Fo (P27 m%o, mQZ)

1 1
+ 2|0 -+ [P Fo (pQ, m%+7m%4/+) + AT pow - w+ ( - §rMSm%V+ + Ao (m%w)) + 2Fh,h,z,z< - §TMSm22 + Ao (mzz)

14



+3Z (|th db|2+|rhd db‘ )Go(pz,mga,m?iJ

3 3
> (IPF e ICfe, ) 2) Go (92 m2, 2,

a=1b=1

+ 322 ('Fh Ug,, ub|2 + |Fh ,Ua, ub| )GO <p27m3avm12u,)

a=1b=1

Lx* R Rx L
—GZmdaZBo(pz,mﬁa,mﬁb) (th a X hdy.dy TV nd, th,Ja,db)
_2Zm€a ZBO( 7mea7 )meb (Fhe ebrgea ey +Fh ea,eb]‘—‘ﬁemeb)
a=1
R L
_GZmuaZBo(p mua mib)mub (Fh u(“ubrh Ug,Ub +Fh ia, ubrh uaﬂib) (60)
a=1 b=1

e Self-Energy for Z-Boson (Z2)

I(p*) = +2/C 2z w- u+|*Bo (pQ, miys, m%{+> + Tz 21*Bo (pQ,WQZ, mi) — 4|T 7. ,,.40*Boo (p27m,2407m;21>
+ Ty o+ 1?Boo (pQ,m?7+,mf,+) + Ty, - Boo (pQ, m?l,7m727,)
— 4z~ u+ |* Boo (p2, m?ﬁ ) miﬁ) + %AO (m,%xfl)FZ,Z,AO,AO + %Ao (mfl)FZ,Z,h,h
+ Ao (m%-F)FZ,Z,H*,HJr

1
— Tz w-w|? (10300 (p27 m%w,m%w) + 24, (m%[”) — 2rMS <2m%/v+ - §p2> + By (p mW+,mW+) <2mW+ +4p ))
3

+SZZ[< vt % G a, )Ho(pQ,mfla,mﬁb)

a=1b=1

+4Bo (va Mg, mzb)mda mdb%(ré*d dbrg@a,db”

3 3
+ZZ[( Z.,eq, eb|2+|FZea,eb| )HO(pzamZaamgb>

a=1b
+4B (p ,m )meameb%(réféa,ebrg,émeb)}
3 3
+ 322 [<|FZ Ug, ub|2 + |FZ KT ub‘ )HU <p2’ miavmi,,)
a=1b=1

+4BO p27mia7mib)muamubm(FZ’u ubrgumub)}
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3
Z [('Fé,f/a,ubF + |F§,EG,,I/1,|2)HO (p27m3,,,7m12/b)

=1

+

1 [M]

o

a=1

+ 4By (p27 m?,a ) mib) muamub%(Féfaa,ubrg,ﬁa,ubﬂ + 2rMSm, + Flz,z,wf W

— 4o (m%w) (4FIZ,Z,W*,W+ +T% zw-we T F%,Z,W:vw) (61)

e Self-Energy for W+ - Boson (W)

3 3
T(p?) = 2MSm Tht e e #3303 [(|F5V_)Jmub|2 IR 4w |2)H0 (pQ, m2, | mgb)

a=1b=1
+ 4By (p27 mj,, mib)mda mub%(raﬁ,Ja,,ubrgff,c?a,ub” —4|Tw- g+ a0*Boo (pQ, m2o, m%—]+) — 4|Tw- -+ .1l*Boo (pQ, m;
+ 4By (pQ, mia ) mzb)mea muh%(riﬁ}k* ,éa,,ybrg/* ,éa,ub):| (62)

8.2 Tadpoles

1 1 1
(5252” = — §A0 (m1240>rh7A07A0 — §A0 (mi)rh,h,h - §A0 (m%)rhysﬁ + Ao (m?ﬁ)Fhmjrﬂ?Jr
+ AO (mf]_)I‘hyn:m, + Ao <m7272>rh,n7,nz - AO (Tn?q-%->rh,H*,HJr

1 1
+ 4Fh,W*,W+ ( — §YMS’I'TL%/V+ + AO (m%v+)) + 21—‘}1’2,2( — §rMSmZZ + AO (m%))
3
6 Ao(m?, Jma. (Th g0, +Tha,0,)
a=1
3
+ 2 Z AO (mga>meu (F}Ejvézuea + FhRyéaaea)
a=1

3
+6 Z Ap (mia)mua (Fﬁ,ﬁa;ua + Fﬁﬁu,ua) (©3)
a=1
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9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

h
’
/
’
’
//
A0 —= === - \
\
\
\
\
\
AO
—1A\v
h
’
/
’
’
//
h ====== \
\
\
\
\
\
h
— 3i\v
H-
//
’
h —-=-=-=--- ’\\
\
\
HT

—1A\v
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S
— 2iLamSHv (67)
9.2 Two Scalar-One Vector Boson-Interaction
ZP«
A0 ------ .
\
\
\
\
\
h
7(—91 sin Oy — go cos@W)(—pZ+pﬁ0) (68)
W,
A0 —=-me- .
\\
\
H+
+ 0
792( —p 4+ ) (69)
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(72)
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T
H+ --->--(\'f’)
A\

\

H-

—%(91 cos@W—|—ggsin@w)<—p£r +pf+) (73)
Z;U'
H+ - - H/(r‘
\
\\
-
_%<_QISin@W+92COS@W)(_p57+pfj+> (74)
9.3 One Scalar-Two Vector Boson-Interaction
wi
h ______
Wy
o2
29271(90“) (75)
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i 2
§v<g1 sin Oy + g2 cos GW) (ggﬂ)

Tu

Ht —---9»—-

Wi

W

o

i
59192v cos Ow (gm,,)

Zy

0} .
— 5919211 sin Oy (gw)
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- ---=--
Yo
7
591920 cos Ow (gw) (79)
ZP«
H- --—--
Wy
7 .
~ 59192vsin Ow (ggu) (80)
9.4 Two Fermion-One Vector Boson-Interaction
Ivu
Jia
djp
i o 1- 5
— 5930ijAa 5 <’Yu Ty (81)
1
i (82)

7
+ —59351‘]‘)\;5 (’Yu' 5
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T

S
2

djp
) . 1—
— 650[55”» ( — 392 sin Oy + g1 cos @W) (VM . 275) (83)
) 14+
+ 391 €08 Ow bapslij (*yﬂ T ) (84)
Wi
ﬂia
djp
\/5 a=1 e 7 2
Zy
Jia
djp
) . 1-—
géaﬁéij (392 cos Ow + g1 sm@vv) (’yu . 275> (86)
(87)

1 . 1+
+ —591504,851'3' sin Ow (’Yu' 275)
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Tp

€j

' i - 75) (88)
1(51-3- (91 cos Oy + go sin @W> (7# -
? 145 (89)
+ ig1 cos Owdy; (W : T)
Wl
Uy —a—
€
1= (90)
) 1 €% . . .
- ZEQ2ULJ7;@Z,3 (’7;1« 2 )
Zy
€ —a—
€j
' 11— (91)
16,,»(—91 sin Oy + g cos@w> (’Yu' 5 )
? 1+ 75 (92)
+ —ig10;; sin Ow (% R )




Gy

Uiy

Ujp
s\ A= (93)
293 ), B Y 2
s gy 1t
+ 293(51] Aa,ﬁ ('Yu 92 ) (94)
Tp
aioz
Ujp
i . 1—75
— g‘sa,@(sz‘j (392 sin Oy + g1 cos @W) (’yﬂ — ) (95)
21 14+
+ —3 g1 cos Owdapdi; (% . T%> (96)
Zy
aia
Ujp
i . 11—
— 65aﬂ5¢j (392 cos Oy — g1 sin @W) (fy“ . T) (97)
2 . 145
+ ggléaﬁ(sm sin @W ('Yu : 2 ) (98)
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dia
Ujp
> 1- 5 (99)
- i7926a/8 UL,ja L,ia (WM 2
Zy
v
vj
' 1- ) (100)
— %5”- (91 sin Oy + go cos @W) (% T
Wy
€;
Vj
1 Q. .U¢ (7 1_775) (101)
—1—=9209;3UL i | Y- 9
V2
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9.5

Two Fermion-One Scalar Boson-Interaction

djp

3

3
- %%5 ZUgZ;bZUé’LYdm(I _275) (102)
b=1 a=1
aﬁZZYd abUR jaUL 1b< ) (103)
b=1a=1
AO
/
//
//
€; /
€j
RN — s
v Lﬂ,z eab( ) (104)
b=1
3
+ %ZZY;abUR,jaUL zb(l —;’75) (105)
b=1

e
I
—

Ujon

ujp
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- 065 Z UZ ;b Z UR zaYu ab( 275) (106)
aﬂZZ U saUt (F522) (107)
b=1 a=1
h
Jia
djp
- \}5 aBZUgijUgtaYdab(l;%) (108)
a=1
1 LA 1
+ _iﬁéaﬁbz_:l(;ydiabUI%,jaUg,ib( —;%) (109)
H+
ﬁia
djs
*Z5aﬁngijU;:aY (F52) (110)
+ _i(saﬂZZYdfabU%,jaUg,ib(#) (111)

b=1a=1
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e,* €,* 1 - 5
ZULJbZ Ria ”b( 2 ) "
3
. ]. * e € 1 +’Y5
RV ZZYevabUR’jaUL-ib( 2 ) "
b=1a=1
HT
/
/
v
€j
(114)
1475
—1 Z e, azUR ]a( 2 ) (115)

ﬂia

ujp
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U,k — 5
&ﬁZUL jb Yu ab( B) ) (116)
u u 1+ 5
aﬂzz bUR,jaUL,ib( 5 ) (117)
b=1a=1
H-
/
_ //
dia
ujs
3 3 1 ~
. U,k d,* — )5
- ZéaﬁZUL,ijUR,mYd,ab( 9 ) (118)
b=1 a=1
3 3 14~
. * u 5
+ _250‘/3 Z Z Yu,abUR,jaUg,ib ( 2 ) (119)
b=1a=1
-
/
7
€;
vj
. e,* 1- V5
- Ye ,a ( ) 12
¢ ; UR a J 2 ( 0)
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9.6 Three Vector Boson-Interaction

v
Jap
9pe
93 fo (gp# ( —po+ pi“") + 9po ( — pier + pff”’) + Gou ( -+ pi”“)) (121)
Wi
Wy
Yo
gy sin Oy (gp,t( e er?/’:) + g,,g( —pet 4+ p,;') + gw( —p)e +pZV“+)> (122)
ZU'
W,
W}t
ig2 05 Ow (gpu (= 02 + 10" ) + gpe (=i " + pZV;) + 9ou — e +9)) (123)

31



9.7

Four Scalar-Interaction

— 3iA

(124)

— A

(125)

— A

(126)
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— 2iLamSH

(127)

— 3iA

(128)

— A

(129)
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— 2iLamSH

(130)

H- H-

~ A

\N 7/

\4

/7 \
/ \
/ \

HT H*

— 24\

(131)

— 2iLamSH

(132)
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— 12iLamS

(133)

9.8

Two Scalar-Two Vector Boson-Interaction

Wi W,

(134)

(91 sin ©Ow + g2 cos @W)2 (gw>

N | .

(135)
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Yo W

1
59192 cos O (guu)

(136)

Z, W,

1 .
- 59192 Si C_')W (g,u,u)

(137)

W+ o

v

1
_ 59192 cos Oy (gm,)

(138)
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(139)

(140)

N | .

(91 sin ©Ow + g2 cos @W)2 (guu)

(141)
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Yo W

7
59192 cos Oy (glw)

(142)

(143)

W+ Y

)
59192 cos Oy (guu)

(144)
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7 .
~ 5919250 Ow (QW> (145)

Tv T

(146)

N | .

Z, Tu

— i( — 29192 cos 20y + ( — g% + gf) sin QGW) (guu> (147)
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RN
/ N
HT H~
7
59 (gw> (148)
ZIJ Z:Uf
\;\/\/
/ \\
HT H~
7: 2
5 ( — g18inOw + g cos ®W> (g/w) (149)
9.9 Four Vector Boson-Interaction
gsv Gyp
Gap 980
8 8
- ig?% ( Z fa,é,af,@,'y,a + Z foc,'y,afb’,é,a) (gpaguu) (150)
a=1 a=1
8 8
+ Zgg( - Z fa,ﬂ,af'y,é,a + Z fa,é,afﬂ,'y,a) (gpﬂgay) (151)
a=1 a=1
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+ ig?% ( i fayafgsa+ i foz,ﬁ,af’y,&,a) <9puga,u) (152)

a=1 a=1
sz_ m
W; Yo
ig3 sin Oy (gpagw) (153)
+ ig3 sin OF, (gp#gau) (154)
+ —2ig3 sin Of (g,wgw) (155)
Z, Wt
Wp_ Yo
ig% CoS 6W sin ®W (gpag;w) (156)
+ —ig3sin 20w (gpugon) (157)
+ ig% cos Oy sin Oy (gpugau) (158)
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W Wi
w, W,

2ig3 (gpag,w) (159)
+ —ig; (g,mgw) (160)
+ —igh (gpugau) (161)
Zl/ Zﬂ
W, Wy
— 2ig3 cos O (gpggw) (162)
+ ig3 cos O, (gpuggu) (163)
+ ig3 cos Ofy (gpugw) (164)

9.10

Two Ghosts-One Vector Boson-Interaction
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9o () (165)
Wl
g -
-
— gy sin O (p;f) (166)
W,
N -
-
ig2 Sin Oy (pzw) (167)
T
gro - C
.\
-
igs sin O (p['f) (168)
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fr]"!‘ . 4. . .
|3
nt
igo cos Oy (p:f) (169)
Wy
77_’7 .-y - ]
>
nt
— gy sin Oy (pf) (170)
W,
7]72 i
>
nt
— 1go cos O (p:f) (171)
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Tp

/r]— . 4. . .
3
-
gy sin® n” (172)
1928 w Py
Wi
77_’7 .-y - ]
>
n-
. » 7’]7
igo sin Oy (pu ) (173)
Wit
,,fZ - C
3
-
. n-
igoe cos O (pu ) (174)

45



— igo cOs Oy (pzf) (175)
W
gt -
. .
— 1g cOs O (pzz) (176)
W,
-
. p
igo cos Oy (pzz) (177)
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9.11 Two Ghosts-One Scalar-Interaction
AO
/
/
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/
N /
n+ .-y - /
»
.77+
1
L93vEw (178)
AO
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/
/
/
B /
-
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-
1
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/
B /
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gvfz (2glg2 cos 20w + ( — g2+ g%) sin 26W) (180)
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.777

- igzvﬁvw (91 cos O + go sin @W) (181)
-
/
_ //
n- 4/
»
- igzv&m (91 cos Ow + g2 sin ®w) (182)
h
/
/
/
/
/
77_4’ . <. . .{
>
. "
i 2
— 1928w+ (183)
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%ggvgz (gl sin Oy + ga cos @W) (184)
h
/
/
/
/
B /
- 4’
»
-
i o9
— ZQQUEWH (185)
H+
/
//
7/_Z .- - /
-
)
—gov€z (gl sin Oy + g cos @W> (186)
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n

2
— iv{z (91 sin Oy + g2 cos @W) (187)
HT
/
//
gt
nZ
— %ggvwar < — g1 sin Ow + g2 COS ®W> (188)
H-
/
— //
R R
nZ
— £g2v£W+ ( — g1 sin Ow + g2 COS @W> (]_89)
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Clebsch-Gordan Coefficients
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