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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)
5 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 = %g% @
B2 = gl (13592 +199g% — 25ﬂ(YdYT) + 4403 — 75Tf<YeYeT) - 85%(}/“1/5)) )
B = _%gg (6)
5O = ( 15Ty (Yng ) +175¢2 + 27¢% + 360¢2 — 45Tr (YdYJ ) —45Tr (YuYJ )) (7)
B = 743 (8)
5 = o6 ( 11¢2 + 20Tr (YdY*) + 20Tr(Y v ) + 26092 — 4593) 9)

3.2 Quartic scalar couplings

) = 3604 + K3 (10)

B = +§ 922+ 6g2K2 — 4r3 — 20k2Ng — 816X — 6/§§Tr(YdeT ) — 2k2Tr (Y;Yj )

- GﬁgTr(Y YT) (11)
AL = 1—0;-;2 (120/\5 20Ty (Y YT) + 405 — 4562 + 60X + 60Tr(Yde ) 4 60Tr (Yuyj) . 9g§) (12)

1671 9 45, 3 21
Bg) =+ 100 gika + 89192 AT —gako + 591”2 + 3g5K5 — ?”@2 T2k3As — 120K2A%
36
+ ggmA + 3692k )\ — 36K32\ — 15K9\?

1 1
+ 1ho (16(10g§ 3k — 9>\> + 4502 + 5gf)Tr(Yde) + Ko (159% + 152 — 16(3>\ + mz))Tr(YeYJ)

1 4
+ {gf@Tr (YUYJ) + Z5g§/<;2Tr(YuYJ> + 4092 ko Tr (YUYJ> - 12/<;§Tr(YuYJ>

- 3652>\Tr(YuYJ ) - %7m2Tr (Ydyj Yy ) — 21k, Tr (YdYJYqu ) - gngTr (Y;};TYEY;)
- %7@% (YuYJYuYJ) (13)

9
9 12— 223 “og2a y 1222 4+ 12ATr(YdeT ) £ ANTY (Yeyj)

D g2+
9192 4

(1) _
2 100 gi + 10

5



+ 12)\Tr(YuYT ) - 12Tr(YdY*YdYT) - 4Tr(YeYJ VAL ) - 12Tr(Y Yy, YJ) (14)

4 _BMLG 1677 4, 289, 0 305 1887 ,. 117 , 73,

100071 ~ 200 9192 T g 9192 +?92 Ak +W A+ 59192/\ *92/\ BraA
5—91)\2 + 54gaN% — T8\3
+ 1—10 (225g§A —45¢ + 80(1og§ - 9/\) A+ 9t + g2 (25)\ + 5495))Tr (YdeT)
- 1% (1598 +5(162 — 5631 + g1 ) - 97 (2205 + 25) ) T (Vv ) - %ngr(Y v))
+ 6—53gfggTr(YuYJ) - gggTr(Yqu) v fATr(Y YT) jg%ATr(YuYJ)
+ 80g§ATr(YuYJ ) - 72/\2Tr(YuYJ ) + gngr(YdY*YdYT) — 64¢2Tr (Ydyj YY) )
— 3ATr (Yde Y,v] ) — A2\TY (YdYJ Y,V ) A — g7 (Y Yl YT) CATr (YEYJYEYJ)
156 2Tr(YuYJ Y, v} ) - 64g§’I‘r(YuYJ Y,V ) - BAT‘r(Yqu Y,V ) + 60Tr (Ydyj YaYivey] )
¥ 12Tr(ydydT YYiv,Y) ) — 24Ty (YdYJYquT YY) ) —12Tr (YdYJYuYJYqu )

+ 20Tr(YeYj YeYteYeT> + 60Tt (YUYJ Y, Y)Y, Y] ) (15)

3.3 Yukawa Couplings

B

(2 _
Yy

1 _
Yy

3
-2 ( —YYiY, + YquYd)
i i 17 29 2 i
1Y, (3Tr<YdY ) n 3Tr(YuY, ) 803 — 5ot — 95+ Tr(YeY )) (16)
=+ (20(11)/ YV Y]Y, — 4, Y1V, Y)Y, + 6Y, YV, YV, - v, Y Y.y }q)

LY,YY, (128()g§ 180Tt (Y@YJ ) +223¢% — 480X — 540Tr (YdeT ) ~ 540Tt (YuYJ ) + 675g§)
YY) Y, (100Tr (YeY;) —1280¢2 + 300Tt (Ydyj ) + 300Tr (Yuyj) 4342 + 4593))
1

+—Y, (1187911 — 270g% g2 — 345095 + 76097 g2 + 54009295 — 6480093 + 150k3 + 9002

600
+375(3203 + 993 + 63 ) Tr (Yav] ) + 1125(g3 + 63 ) Tr (Vv ) + 127567 T (v,
+ 337503 T (Y, ;) + 1200003Tx (VY ) — 40507 (Yo vav] ) + 9007 (Yav v v])
- 1350Tr( V.Y, YT) - 4050Tr( Y, Y}y, YT)) (17)

-3 ( ( YYY, Ydyjyd)



- Yd( — 12T (Yav] ) 12T (VoY) ) + 3265 — 4Te (VoY) + 963 + 63)) (18)

—

B = +o (20(11YdYTY V1Y, — AV YaYIY, + 6YYivayive — vaviy, nyd>
Yy, (usogg - 180Tr(YeYJ) +187¢% — 480X — 540Tr (Yde ) — 540Tr (YJJ ) + 67595)

FYYIY, (100Tr (YeY; ) — 128042 + 300Tr (Ydyj ) +300Tx (YuYJ ) + 4562 — 7995))

Yd( 127 4 27 55 23, 31

6009 T 0912 T g2 3
5 \ N 15 N N L 45 .
+ g(32g3, + 92 +gl)Tr(Yde) + §(91 +92)Tr(YeYe) + §ngr(YuYu) §gZTr(Y Y] )

+ 209§Tr(YuYJ ) - %Tr(YdYJ Y,y ) + 5Tr(ydyj YUYT) - 2Tr(YeYJ Y.Y; ) - {Tr(YuYJYuYJ)) (19)

1 3
¢392 + 99395 — 10895 + 1 2+ )2

W= §Y6YJY6 1Y, (:m(ydyj) + 3Tr(YuYJ) - %g% - i 2 4 Tr(Y YT)) (20)
5 430

LYY, (1299%' — 160\ — 180Tr<YdeT ) —180Tr (YuYJ ) 42252 — 60Tt (Yeyj )))

~—

—~

(15 (40Y Yy, vy,

+2Y, (1371911 +270g2g2 — 1150g4 + 5042 + 300A% 4 125 (3zg§ +9g2 + g%)ﬁ(Yde )
+375 (g% + gg)Tr (YYT ) + 425g§Tr(YuYJ ) 112562 Tr (YuYJ ) + 4ooog§Tr<Yqu)

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

3.4 Trilinear Scalar couplings

9
~g3k1 (22)

91“1 B

B = 255, T (yyf) + ok + GrN + GmTr(Yde) + 6, T (YuYJ)

1671 9 145 3 23
100 g‘f K1+ 89192[{1 16 92 1+ 591/@%2 + 392,%152 > mnz — 24K1KoAg + 12n1>\%

10
ﬂ(2) 4+
36 \ ,
+ Eglfﬁ)\ + 369561 A — 36K1K2 A — 15K A
1 2 _ 2 2 T 1 2 2 T
+ #1(16(10g3 — 32— 9X) + 4503 + 597 ) Tr(Yav [ ) + 71 (1597 + 1563 — 16(3) + k2 ) ) T (Ve
17 45
n Zg%mTr(YuYJ) + Zgngr(Yuyj) n 4Og§m1Tr(YuYJ) - 12&1,@21&(1@1/,})
27 9
— 360 \Tr (v, Y] ) - ?/ﬁTr(YdeT vav]) - 2t e (Yav v yf) - SmT (veviveyd)

2
_ ngr (YuYJ Y, v} ) (23)



3.5 Scalar Mass Terms

i = 4(3As M + g+ 3

24 24
B =+ g2k? 4 24g3K3 — 20K3ky — 24k3Ns — 263 Mg — 12003 Mg + T g Rap + g3 ko

5
— 8Kip — 24 (ngu + n%)Tr (YdeT> - 8(n2u + n%)Tr(YeYe]j — 24K2Tr (YUYJ>
— 24opTr (YuYJ)
9 9
B = 263 4 2uTr (YSYJ ) + 6\ + 6T (Ydyj ) + 6uTr (Yuyj) — o= Sen+ raMs
3 3 1671 9 145 1
B = {5 0iKt + 503KT — Okine — 263 Ms + g+ SgioRn — S ogan — Shp

36
— 18KIN + Eg%u)\ + 3692 u\ — 15u\?
1
(= 682 4+ Ju( — 1447 + 1603 + 4503 + 567 ) Tr (YY)

1 17
- 7( - 3u( — 16X + 597 + 5g§) + 8&%)% (YeYJ) - 6K§Tr(YuYJ) + Zg%,uTr(YuKD

4
45 2 t 2 i i _ 27 vyl
n ZgzMTr(YuYu) n 4093MTr<YuYu) - BGMATr(YuYu) - EMTr(Yde Yde)

9 27
- 21uTr(YdYJYqu ) - §uTr(YeYteY;) - ?uTr(YuYJYuYJ)

3.6 Vacuum expectation values

_ !

= Ov(15g§Xi - 20Tr(YeYJ) + 3¢2Xi + 45¢2 — 60Tt (Ydyj ) - 60Tr(YuYJ ) + 9g$)

BiY

1
B = %v( — 12939} — 2709293 + 677595 — 2003 + 18¢1Xi 4 1809792 Xi + 225095 Xi 4 18¢7Xi?

+18092¢2Xi? — 450¢3Xi2 — 120072 — 20 (4593 (2Xi + 5) + 80042 + g2 (18Xi + 25))Tr (Yde)

— 60 (5g§ (2Xi + 5) +g? (2Xi + 25))Tr (YEYJ ) — 170062 Tt (YUYJ ) — 450062 Tt (YUYJ )
~ 1600092 Tt (YuYJ ) - 36095X1Tr(YuYJ ) - 1soog§XiTr(YuYJ ) + 5400Tt (YdeT YdeT)

— 1200Tx (YdYJ Y, Y] ) + 1800Tr (YEYJ YeYJ) + 5400Tr (YUYJ Yuyj))

(25)

(26)



4 Field Rotations

4.1 Rotations in gauge sector for eigenstates >EWSB’

The mixing matrices are parametrized by

7 _ cos Oy —sin O
sin©w  cos Oy
1
v = V2

i ~is

4.2 Rotations in Mass sector for eigenstates ’EWSB’
4.2.1 Mass Matrices for Scalars

S-S

e Mass matrix for Higgs, Basis: (H, Sing), (H, Sing)

3,2
2 - [ 2V At p K10
h —
K1v %HQ'UQ + Mg

This matrix is diagonalized by Z:

H_2,Ht _ _ dia
Z7my Z°0T = ma’,
with

H=> zlih;, Sing =Y~ Z3h;
- :

J
4.2.2 Mass Matrices for Fermions

e Mass matrix for Down-Quarks, Basis: (dL.q,), (d}ﬂ%,m)

ma = ( L5vdas YT )
This matrix is diagonalized by U¢ and U}%

d,x dt _ . di
U " mqUg' = mg™®

(30)

(31)
(32)

(33)

(34)

(35)



with

dria =Y Up7DL ja
to
dRia = Z UI%,ijD}k%,ja
to
Mass matrix for Up-Quarks, Basis: (ur,q,); (u*R’ﬁl)
My, = ( f%wsmleuT )
This matrix is diagonalized by U} and Uy
UL*m, Ut = mdic
with
UL ja = Z Uz:;iUL,ja
ta

_ u *
UR i = E UR,ijUR,ja

2
Mass matrix for Leptons, Basis: (er), (e};)
me = ( %’UYET )
This matrix is diagonalized by U7 and Uj
U m Ug" = mdie
with

e,*
€L = E UL,jiEL,j
t

2
_ e *
eri =Y UhiiEh,
to

Vacuum Expectation Values

1 1 1
H'=—H+ —v+i—=A"
V2 V2 A
Tadpole Equations
Vo1,
87H = 51} )\ + j2a

10

(51)

(52)



7 Particle content for eigenstates ’EWSB’

Name Type complex/real  Generations Indices

o+ Scalar complex 1

A Scalar real 1

h Scalar real 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

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 Higgs (h)

I, (p?) = +%BO (p2,m1240,mio)FZj)Ao)AthhAg’Ag n 2( _ %rMS + B, (pQ,mQZ, m%))FZWZZF;”’Z’Z + By (pQ,m%+,m%{+)Fz
+4( - %rMS + Bo (0% m s ) )T e e Dhsaw— e — Bo (022 m2 ) Th, e T
~ By (pz’mg_,mfi_)r,-”_’n—,m,r,;jm—,m, ~ B, <p2’mflz,mgz)rhm—zmzrhm—zmz - %AO (mi())F;“ﬁj’Avo
-4 (m%ﬁ)rm,hj,H—,HJr + sz,zonFhi,z,AOFO (P2v mo, mgz)

. 1
+ QFILJ,W—,H+FB1',W*A,H+F0 (pQ, miﬁ,m%w) + 4Fhi,hj,wf,w+ ( — irMSm%VJr + Ap (m%w))

11



1 1
+ QFEi,hj,Z,Z( — irMszz + Ao(?ﬂ%)) — 5 ZAO <m’21a>Fﬁi,ﬁj,ha,ha

M \

2 2
*
ZZ (P mj, ’mhb)rhﬁh@,hbrh“ha,hb

2 2 2 Lx R Rx
—6 Z Md, Z Bo (p Mg, mdb)mdb (Fh sy L hidady T th,cia,db
= b=1

3 3
2 2 2 Lx* L Rx* R
+3) ) Go (P Mg, mdb) (Pnj,ga,dbri”,aa,db T an T da s

a=1b=1

3 3
2 2 2 Lx R
-9 E Me, g By (p ,mea,meb)meb <FhJ)ea’ebF}~”,éa

Rx
\€b hj,€asep

3 3
Lx* L Rx R
+ Z Z Go (p me 1 Mee > (thaeavebl—‘hiyén,aeb + th»éayebrhivéa-,eb)
a=1b

=1

3 3
2 2 2 L R
—6 E My, E By (p ,mua,mub)mub (Fﬁj,aa,ubrhi,aa,ub +I'y
a=1 b=1

3 3

+3ZZGO(p mu >m )(Fﬁ ua,ubri,ﬁa,ub +T

a=1b=1

e Self-Energy for Down-Quarks (d)

=+

1 [M]w

—

3

2 2 2 Lx* R
ZBO(p P My Mg )Fdj,ha,db May L' o
b=1

a

_|_

M«

3

Q

|
VRl
= =

(b )5,

1

_|_
M“ﬁf

B e u TE
o(P”, mub’mfﬁ d; H- di H— up

o
Il
—_

NE

2 Rx
-4 (7 71"MS+BO(p 7mub7mW+)>F¢§]7W_7ub

b

2
1 2 Rx R
=5 2. Bi(p?md, mp T, TH -

a=1b=1

1

wm

b=1

12

d;,y,dy B

Rx

Rx* R

L
théweb)

L

hjyta,up hiyla,up

hj,ta,up hi1ﬁauub)

3
16 1
Bo (pQ,mia,mZU)Fg*don Lo~ 3 2 ( — M5+ Bo
b=1

=~
S
i\gt
—_

L

My, I'%
Yo dy W uy

3
1
: 2 2 2 Rx R
9 ZBI (p 7mda7mAU)Fd’j_’donrgi’don

3
2 Lx L Lx
ZBl<p mdb,o)rdwg,dbrd“g,db ZBl(p mdb,O)I‘ © LT

L
di,y,dp

)

()

1
( — QrMS + By (pz, mgb,mzz>)

ri-

(53)

L
bl—‘(ii,,gﬂib

dj,Z,db

mde:

L
di,Z,dy



3 3

B ZBl (p2’mdb’mz>rs*z wTh 2.4, ~ ZBl (p m"b’mH+>riiH R
3
— Z By (pQ, mub7 m%/{#)FL*W udeL‘i,W:ub )
BERE 1<
SH0) = ) > B (P mg, ,mi, )FdL:,ha,decLE,ha,db 2 ZBl (pQ’m?l“’ mfz“o)rc%:,da,A”FdL;mdmA"
a=1b=1 -
4 3 2 9 Rx* B
3 bz:; By (p T, s O) Fdlj,g,db di,g.ds Z B (p M O)F m,dbrdliv%db

|
[
=
A~

1
2 2 2 \ R R 2 2 2 L+ L
ms5 ,m7 |I'% I's — = E B ms .m I'z I's
p,mg,, Z) dj Z,dy - diZydy 9 L\Ps My, M+ dj, H=up di, H™ uyp
b=

Sy

2 2 2 Rx R
1 (p 7mub7mW+)Fdij,W—,ude:,W_,ub (56)

e Self-Energy for Up-Quarks (u)

2 3
Zf,j(p2) :+ZZBo(p2,mib, )Fﬁj*, w%mubFﬁRmha,ub
a=1 b=1
3 3
+30 Bo(ptm o )T oD o + 32 Bo(p i, mi ) e maTE e,
a=1 b=1
16§ LMs + B 0) )i rt 43 LIMS + By (p2m2 ,0) ) T2 rt
B ? 5 + Do p mub> g, Ut Gy g,u Z h 51‘ + Bo\p™smay,, gy oup TV gy,
b=1 b=1
3
1
= ( — 5T™MS + By (p27 mg, miw))F%*,Wtdbmdbfauwtdb
b=1
i 1
Rx L
— 42 ( 5 rMS + BO (p mub7 ))Fu Z ubmubr‘ﬁi,Z,ub (57)
b=1
1 2 3 1 3
R 2 2 2 2 Rx R 2 2 2 R R
S50 =52 > B (P »muwmha)rﬁj,hmubra,-,ha,ub —52 b (p ,mua,on)Fu BRVULE ARV
a=1 b=1 a=1
3
1 2 2 2 R Lx L
N 5 Z Bl (p » Mg, mH+)Fij*,H+,deu“H+ dy Z Bl (p mub’ O)Fuy g, ubrﬁz‘,g-,ub
b=1
3 3
2 Lx L Lx* L
- Z By (p mu;ﬁ )Fuj,'y,ubrﬁi,'y,ub Z By (p mdb7 mW+)Fu],W+,deﬁiaW+adb
b=1 b=1

13



ZBl (p2 mume)Fﬁ;,Z,ubFflL/i,Z,ub (58)

b=1
1 2.3 1S
L 2\ 2 Lx* L 2 2 2 Lx L
Ei,j (p ) - _5 Z Z By ( ub7 mha)rﬁj7ha,7lbri7j7ha,ub - 5 Z By (p 7mua’mA0)FuJ ua,AOFu“ua,AO
a=1b=1 a=1
1 4
2 L 2 2 Rx R
D) E By (p mdbva+)F‘ JH+ dbrﬁi,H*',db 3 E :Bl (p ’muwo)rﬁj,gmbrm,g,ub
b=1 b=1
3 3
2 2 Rx R § 2 2 2 Rx* R
- Bl (p ’ mugﬂ O) 1_‘u Y ubrﬁi,’y,ub - Bl <p ’ mdb’ mW+)Fﬁ_j 7W+7dbrﬁiaw+7db
b=1 b=1
3
2 2 Rx R
- B (p y My, T )F Z ubr’llti,Z7uz; (59)
b=1

e Self-Energy for Leptons (e)

3
2 L R

g By (p amebamh )Féj,ha,ebmebréi,ha,eb

b=1

2
55507 =+
a=1

3 3
+ Z BO (pQ? mga’mio)ré*ea AomeaFe, eq,A? 4 Z ( - *I‘MS + BO (p meb’ O))Feij%eb FéLia%eb
b=1

:1
3
742 (* *rMS+BO(p27mebﬂ ))Fe Zebmebl—‘é‘,zyeb

b=1
3
2 Lx R
+ZBO<p ’rnyb7’rnHJr>I—‘(=J7 7ymebFéi,H7,Vb
b=1
3
3 (IS B T o
b=1

2 3 3
1 1
R 2 2 2 R R 2 2 2 Rx* R
E ij (p ) - — = Z Z Bl (p 7meb7 )F *ha,ebréi,ha,eb - 5 Z Bl (p 7m€a 4 mAO)Féj7en,7AOFéia5avAO

)
Il
-
o
Il
-

2
3
2 Lx L L* L
A () BRI SRR e

b=1
1& -
R L L
B 5 Z By (p2a m?/bv m%ﬁr)ré:H*,ubré Z (p me’ mW*)F *W 1Vbréi’W71Vb (61)
b=1 b=1
2 3 3
1 1
L 2 2 Lx L 2 2 2 Lx L
i (p7) = ) ZZBl (p mebvmh )Féj7ha;ebréi7ha7€b D) ZBl (p ’mea’on)Fez eavAOFeweavAo
a=1b=1 a=1

14



3 3
2 Rx R Rx R
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e Self-Energy for Charged Higgs (H™)
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+ Ty .m+*Fo <P27m%1+,0) + T y- 2.0+ > Fo (P2ami(+7m2z) + 4l g+ 5w w+ ( - ngSm%/w + A (m%/w))

2
1 1
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- GZmda Z Bo (p Mg, m )mub (FH oV B do, F T da,ubFH:Ja,ub)
a=1
3 3
-2 Z Mea Z BO (p 1 )myb (FL* eCHVbFR_:éa;Vb FR* €as l/bl—‘é ;€a7Vb)
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b=1 b=1

¢ Self-Energy for Pseudo-Scalar Higgs (A°)
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e Self-Energy for Z-Boson (Z2)
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e Self-Energy for W+ - Boson (W)
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8.2 Tadpoles
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9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction
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9.2

Two Scalar-One Vector Boson-Interaction
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9.3 One Scalar-Two Vector Boson-Interaction
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9.4 Two Fermion-One Vector Boson-Interaction
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9.5

Two Fermion-One Scalar Boson-Interaction
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9.6 Three Vector Boson-Interaction
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9.7

Four Scalar-Interaction
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9.8

Two Scalar-Two Vector Boson-Interaction
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9.9 Four Vector Boson-Interaction
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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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Clebsch-Gordan Coefficients
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