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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(1) ® SU(2) ® SU(3))

H 0 1 (1,2,1)
¢ | 3 3 (5:2.3)
L] os 3 (=3:2,1)
d 3 3 (3.1,3)
u i 3 (-2,1,3)
e : 3 (1,1,1)

2 Lagrangian

2.1 Input Lagrangian for Eigenstates GaugeES

2.2 Gauge fixing terms

L=0

2.2.1 Gauge fixing terms for eigenstates ’GaugeES’

1 _ 1 _ 1 _
LGF = - §|8;LB|2531 - §|8Hg|2€g T §|8MW|2€W1

2.2.2 Gauge fixing terms for eigenstates ’EWSB’

1 _ 1 _ ) _
Legr = — §|aﬂg|2£g - §|8u7|257 T | — §Q2H+U5W+ + 3uw+|2fwl+

1 1 . -
_ §| — §AOU§Z <g1 sin Oy + go COS@W) + aﬂZ|2§Zl

2.3 Fields integrated out

None



3 Renormalization Group Equations

3.1 Gauge Couplings

5(1) _ i 3 (4)
B2 = 510 g7 (13503 + 19993 — 25T (Yav] ) + 44093 — 75Tr (Vo) — 85T (vY) ) ) ®)
- .
g = L ( —15Te (YY) + 17563 + 27¢3 + 36063 — 45Tr (VoY) - 45T (v, ) ) (7)
o ®)
B — 110 g3 (= 1197 + 20T (vav]) + 20T (VX)) + 26003 — 4563) )

3.2 Quartic scalar couplings

(1)

27 9 9
— gy 22y g fgl)\ 992\ + 1202 + 12ATr(YdYT) + 4)\Tr(Y YT)

10071 ™ 10 4
+ 12,\Tr(YuYT) _ 12Tr(YdYTYdYT) — 4Tr(Y vy, YT) — 12Ty (Y Yly, YT) (10)
@ BAL g 16TT g o 289 4 305 o 1SS N7, 00 T3 2y )
_ B _ o2 54g2)
A 100091 ~ 200 9192 T qp 9192 T g2 F G 1At g9 8 + 5 91 +
78N 4 (22592% 4563 + 80(1093 - 9)\))\ +9gd + g (25)\ + 5492))ﬂ(YdYT)
0 d
3 2 2 4 2 2 ¥ 171, t
- (1591 + 5(16)\ 502 + 92) e (2292 + 25A))TY(YEY ) =59 Tr(Y Y, )
63 9
+ gglggTr(YuYJ> - §g§Tr(YuYJ) —gl/\T (YuYJ) fngT (YuYJ)

+ 80g2ATr (Y vi ) — 22Ty (YuYJ ) + igl Tr (YdYTYdYT) — 64¢2Tr (Yde YY) )

— 3ATr(YdeT YY) ) - 42)\Tr(YdYJ Y,Y] ) — %ngr(YeYj Yeyj) —A\Tr (YeY;YJJ )

- %6ng1~ (Y Yy, YT) _ 64g§Tr(Y vly, YT) _ 3)\Tr( Y Y,y ) + 60Ty (YdYTYdYTYdYT)
12T (Yay varvay]) - 2ame (vavivayvay]) - e (vavivayivay))

n 20Tr< Y.Yiv.YlY, YT) + 60Tr( Y, Yiv,Yly, YT) (11)



3.3 Yukawa Couplings

(1

)

Yy

Yy

™)
By,

,8(2)

B

(1
Ye

(2
Ye

~—

—

- —g( ~ VLYY VYY)

1Y, (:m (YdYT) 43Ty (YUYT) —8g2 — % 2 Z 24 Tr(Y YT)) (12)

= +80 (20(11Y VIV, Yiv, — av, YV, Y]V, + 6Y, Y Y, YlY, - V.Y V.V, )

+Yu Y[V, (128063 — 180T (Yo ) + 22397 — 480A - 540Tr (Yav] ) - 540Tr (Y, V) + 67543

+Y, Y]y, (100Tr (YEYJ) — 1280g2 + 300Tr (YdeT ) + 300Tx (YUYJ) — 4362 + 4593))

+ &Yu (1187931 — 270¢%g5 — 3450g5 + 760g7 g2 + 54009392 — 6480095 + 900\

+375 (32g§ +9g2 + g%)Tr (Yde ) +1125 (g% + gg)Tr (YeYj ) 127562 Tr (YUYJ)

+ 337563 T (Y, ;1) + 1200003 Tx (Y, Y} ) — 40507 (Yo vav]) + 9007 (Yav v, v])

— 1350Tr (Yeyj Y.y} ) — 4050Tr (Yqu Y, v} )) (13)

- i(G( Y[V, + YaYYa)

- Yd( — 12T (Yav) ) — 12T (VoY) ) + 3263 — 4Te (VoY) + 993 + 63)) (14)
+o (20(11de Y YV, — AV, YY,YIY, + 6V, Y YV Y, — YaYiv,Y, Yd>

IR ARG (12sog§ 180Tt (YeYJ ) +187¢% — 480X — 540Tr (Yde ) — 540Tr (YuYJ ) + 675g§)

TYYY, (100Tr (Y YT) — 1280¢2 + 300Tt (Ydyj ) + 300Tr (YuYJ) + 452 — 7995))

127 27 23 31 5

Yd( 600" 61 - 207 9193 = 493+ 159193 + 99595 — 108g§+7)\2

0 15 17
+ 5 (3205 903+ o8 T (Var]) + (o 4+ ) Te () 4 (V) + o C (V)

2
+2Og§T&«(YuYJ) - {T&(YdYTYdeT) + ;Tr(ydyjyuyT) B j ( .Yy, yT) ( Vi, yf)) .
_ gYeYJYe + Y (3T (vav) ) +3mx (Vv ) - % . %g% ne(v)) i,
1
(15<4OY Yiv.yly,
)

+Y.Y]Y, (129g‘f' — 160 — 180Tr(YdeT ) — 180Tr (YuYJ) +225¢2 — 60Tt (Yeyj)))
+Y, (2742g;1 + 5409292 — 2300g% + 600A2 + 250 (3zg§ +9g2 + g%)Tr(Yde)
+ 750 (gf + gg)Tr (YYT) + 85097 Tr (YUYJ ) + 225002 Tr (YUYJ ) + 80009§Tr(yuyj)

— 2700Tr (YdeYde ) +600Tr (YdYJ Y,Y] ) — 900Tx (Yeyjyeyj ) — 2700Tr (YUYJ Y, Y] ))) (17)



3.4 Scalar Mass Terms

BN = 24 Tr (Y YT) + 6 + 6T (YdYT) + 64Ty (Y YT) %gl,u gggu
1
B = TooH (167191 + 4509292 — 362593 + 28802\ 4 144002\ — 60002

+ 100( — 144X + 16042 + 45¢2 + 5g§)Tr(Yde) + 300( — 16X + 5% + 5g§)Tr (Y;YJ)
+ 170063 T (Y, Y, ) + 450003Tx (VY] ) + 1600063 Tr (Y, ¥, ) — 14400ATr (Y, )

— 5400Tr (YdeT YY) ) — 8400Tr (Yde Y,V ) — 1800Tr (YeYJ Y.y} ) — 5400Tr (YuYJ Y, Y} ))

3.5 Vacuum expectation values

AL = 2T)v(wg,jxl 20Tr<YeY; ) + 3¢2Xi + 45¢2 — 60Tt (YdYT) - 60Tr<Y v ) + 991>
1
B2 = %v< —1293¢7 — 27092 g2 + 677595 + 1847 Xi 4 18092 ¢2Xi + 2250¢3Xi + 18¢+Xi? + 180g%¢g2Xi?

4509332 — 120002 — 20 (4593 (2Xi n 5) +800g2 + ¢2 (18Xi + 25)>Tr (YdeT )
— 60 (593 (2Xi +5) + g (2Xi +25) ) e (VoY) — 170097 Tx (v, Y, ) — 450003Tx (Y., )
— 1600093 Tr (Yuyj ) — 3602 XiTr (YuYJ ) — 1800¢2XiTr (YuYJ ) + 5400Tk (YdeT YdeT)

— 1200Tt (YdYJ Y, Y] ) + 180Tt (YeYj YeYJ) + 5400Tr(YuYJ YJJ))

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’



The mixing matrices are parametrized by

7% _ <cos®w —sin O )

sinOpy  cos O

N
S
I
—
S

4.2 Rotations in Mass sector for eigenstates ’EWSB’
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: (dr.qa,), (d*R761>
mqg = < %vémledT )
This matrix is diagonalized by Ug and Ul‘iL
UL maUgt = mdie
with

d,*
dL,ia = E ULJ'iDL,ja
to

_ d *
dR,ia = E Ur,i; DR ja

to

o Mass matrix for Up-Quarks, Basis: (up q,), (u}‘%’ﬁl)
This matrix is diagonalized by U} and Ug
UP*m, Ut = mdic
with
UL jo = Z Uz:;iULﬁja
to

u *
UR,ioe = E UR,ijUR,ja

12

1
V2 )
L
V2



e Mass matrix for Leptons, Basis: (er), (e};)

Me = ( %UYGT )

This matrix is diagonalized by Uf and Ug
US mUgt = mdia
with

e,*
eri = E UpiEL;

to
_ e *
eri =y UhiEh;
to

Vacuum Expectation Values

1

1 1
H=—h+—v+i—F=A°

V2O V2 V2
Tadpole Equations

Particle content for eigenstates >EWSB’

Name Type complex/real  Generations Indices

H* Scalar complex 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
vy Vector real 1 lorentz, 4

Z Vector real 1 lorentz, 4

W+ Vector complex 1 lorentz, 4

(40)



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 Down-Quarks (d)

3

3
S 2 2 2 2 Lx R 2 2 2 Lx* R
55 (p?) = +ZBQ(p ,mda,on)I’@_’donmdaFdZ’da_’Ao —i—ZBo(p ,mdb,mh>F(ij)h’dbmdedZ’hﬂdh
a=1 b=1
3 3
1—62(711*1\/[8+B(2m2 o))rf?* g, L 74Z<71rMS+B(2m2 0))FR* L
3 & 2 o\P MMa,» disgidy 7 diygdy £\ 2 O\P My dj sy

—

3
— 42 (— irMS + By (p mdb,mz>)F5*Z dbmdbrd%.,z,d,,
b=
3
2 2 2 Lx R
+ZB()(}7 7mulﬂmH+)ijyHﬂubmubFC?mH’,ub
3
A (= S B ) Uy T ()
1 3
R 2\ 2 2 2 Rx R R R
Ez,j(p )_ _izBl (p ’mdﬂ’mAO)Fcij7da7A0F(i:,;7da7A0 - ZBl (p mdl mh>1—‘d],h dbl—‘d“h dy
4 2 2 Lx Lx
_3;Bl(p ’mdb’())F AR ZBl<p s )F 0t Vv,

3
_§ : 2 2 2 Lx L § : Rx R
Bl p ,mdb,mz)rd—.%zydbrd—ivz,db Bl(p mub7mH+)I‘ H- ubrd H-

2 2 L L
— ) Bilp 7mub7mW+)Fd*W 7udeli)W_)ub (43)
b=1
3
1
L L L Lx L
Ei,j(p2) 5231(19 md ,on)l" da AOFd da, A D ZBl<p mdb,mh)F hdbrd Jhody
a=1

10



L
Uisg,Ub

(45)

(46)

3
4 Rx* R Rx R
3 > B (p s O)F dy.g.dy dig.dy ZBl (p mdb,O)I‘ dyvidsy diyidy
b=1
3 1 3
2 2 2 Rx R Lx* L
- Z B (p ’mdb’mZ>FdLj’Z’db di.Z,dy 9 Z (p m“”’ mH+)Fd H’,Ubrji’H’,ub
b=1 b=1
3
_ 2 2 2 Rx R
Z B (p » My mWJr)Fd_pWTUb di, W=, up
b=1
e Self-Energy for Up-Quarks (u)
3 3
S 2 2 2 2 L R 2 2 2 L R
Ei,j (p ) =+ Z BO (p y Moy s mAD)Fi;,ua,AomuaFﬁi,ua,Ao + Z BO (p > My s mh)Fu* h ubmubrﬁi,h,ub
a=1 b=1
3 16 3
R Rx*
+ ZBO (p mdb,mHJr) a, H+ a4y s e+ a, -3 Z (— —rMS + By (p mub,O))Fﬁj7g7%mubF:
b=1 b=1
> 1
2 R L
742 (7 ot M3 JrBO(p ’m“b’ )) ity oy M iy
b=1
> 1
2 L
— 42 ( — 5 MS + BO (p ,mdb,mw+))rﬂ W+ dbmdbrﬁi7w+7db
b=1
3
43 ( - ers + B, (p27 m2, ,m ))I‘gj’zﬁubmubfi’z’ub
b=1
1 3 1 3
R 2 2 2 Rx* R 2 2 2 Rx* R
Zi,j(p ) = _5 Z By (p » My, mAO)Fu ua,AOFu,,ua,AO - 5 ZBl (p ’mub’mh)ru] h ubrﬁi,h,ub
a— —
1 3
2 2 Rx Lx L
) Z By (p L mH+>F e an Uty Z By (p My 0) L APRRE AP
b=1
3 3
2 2 L L 2 2 2 L L
o Z By (p L™ 0) Fﬁ:mubrﬁi’%“b o Z By (p My, mW*)Fﬁ;W*ydeﬁmW*ydb
b=1 b=1
3
2 2 Lx L
- By (p » MMy, s TN )FuJ7Z ubrﬁi,ZﬂLb
b=1
1 3 1 3
L 2 2 2 2 Lx L 2 2 2 Lx L
Ei,j(p ) = —5 Z B4 (p y My on)Fu ua,AOFul,un,AO - 5 Z By (p y Ty, s mh)ru7 h ubrﬁ,;,h,ub
a=1 _

ZB (p mdbva+)Pu H+ dbru,,H"' dy —

b=1

R

Ui g,Ub

ZBl<p m2,, )ri*7g7ubr

11



3
FR* R
Uj,y,us Wiy U

Y ()
— ZBl (p mub,mz)F

b=1

Rx R
Uj yZyup ™ Ui, Zyup

e Self-Energy for Leptons (e)

2 2 2 Rx R
g Bl(P ,mdbvmw+)rij,w+,dbrﬁi,wﬂdb
b=1

3 3
S 2 R Lx* R
Ei,j( +ZBO (p me 7mA0)FeJ ea,AQmeaFm eq,A0 + ZBO (p mewmh)P hebmeb]‘—‘e, h,ep
b=1
> 1 > 1
2 R L
4 (_ STMS —|—Bo(p ,meb,o))re]’j7 ameTE =4y ( — 51MS —|—Bo<p m2,,m ))
b=1 b=1
3
+ Z By (p m,, mH+)F He " LE - 0,
b=1
3
*42 ( rMSJrBO(p ,myb,mw+)>FR* meybré’wi’yb
b=1
1 3
R 2\ 2 2 2 Rx* 2 Rx* R
Zi,j(p ) _5 ZBl (p ’me(L?mAU)Féj,ea,A €i,eq,A0 ZBl (p 7meb’ )Fe],h ey &;,h,ep
a=1
3
2 L L L
- Z By (p 7meb7 0) Fe]*,'y ep EiyY,en Z By (p meb’ m )FSJ*,Z € euz €y
b=1 b=1
1 2 2 FR* R 2 B 2 2 2 FL* FL
52 p me’mH+ &, H- vy~ &, H vy Z 1\P My, My + &;,W= vy~ &, W15
b=1 b=1
L 2\ __ 1 : 2 2 2 Lx L 1 > 2 2 2 Lx L
Ei,j (p ) - _5 Z Bl p 7mea7mA0 Pe ea,AOFe“eu,AU - 5 Z Bl p 7meb7 my, Féj,h,eb & h,ep
a=1 b=1
3 3
2 Rx R 2 2 2 R R
- Z By (p meg,? 0) Fej,’y ep €iyY,ep Z By (p y Mgy mZ>Fe:Z ey €;,2,ep

b=1

3
1
—523 (p m?,b,mHJr)I‘L* ,VbI‘L
b=1

e Self-Energy for Charged Higgs (H™)

1 1
(p?) = +4Ts- w2 (= 57MS + Bo(p,0.mdy+ ) ) + o gz 2 Bo (b7 e i) + 410 (= 51MS + Bo (p,

_BO<1D mz,m2 )FH+17 2L H= = 2

éi,H_

R

3
2 2 2 Rx
W= B (p 7mub7mW+>Féj7W—7VbFé“W—

b=1

sVb

2 2
= Bo (0% me m22 Vi gz s it

12

(47)

Rx* L
Fe Z ebmebréi,Z,eb

(48)

(50)



1 1
- §Ao (miO)FHtH*,AU,AU - 5140 (mi)rHﬂH*,h,h - A (m%[+)FH+,H*,H*,H+
+ |FH_7W+7A0 |2F0 (p27 mio, m%/[/Jr) + |FH_7W+7h|2F0 (p2a m%w m%/VJr) + |FH_,'7,H+ |2F0 <p2a m%—[Jrvo)

1
+Tu- 7.+ *Fo (pQ, miﬁ,m%) +4Ug+ g w- w+ ( — —tMSm3+ + Ao (m%,W))

2
1 3 3
+2FH+,H—,z,z(* 5rMSm%+AO(mQZ>) +3ZZ (|rf{ PR | S )Go(p;mga,mib)
a=1b=1
3 3
L R
30 (I P 10 ) Go (0% m2, 2, )
a=1b=1
3 3
2 L R R L
762md“ ZBO (p md ’m"b)m“b (F - dayubF Jdaup +FHt’Ja,ubFH’,Ja,ub)
a=1 =
3 3
L* R R L
_QZmea ZBO(p mea ml%b)ml’b (F Ea ubF ~,€a,Vp +FH77éa,VbFH71éauub> (51)
a=1

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

1
H(pz) - +|FA0,h,A0|2BO (pZ’ m%, m,240) BO (P mn+am127+)r?40’n’+’n+ - BO <P27 mf,— 3 mi—>rio}n:’n, — 5140 (mio)FAO,AO,AOV
1
- §A0 (m}21>FA0,A0,h,h — A (m%H)FAO,AU,H*,H* + T a0 z.n*Fo <p27m%w m2z)
1 1
+ 2|FA0,W—7H+|2FO (p27m?{+,m%,v+) + 4L g0 g0 w— w+ ( - irMSm%,w + Ag (m%,w)) + QFA(J’A()’Z’Z( - irMSm% + Ag

3 3
+3 ('FAOd db|2 |FA0d db| )G0<P2amfza»m?l,,>

=1

o
Il
—

s
2

a=1

F3 D (ol 1 2) o 22,2,

a=1b=1

Mw

(| A° éa7€b|2 + |FA° €a7€b|2>GO <p2’ mga’ mib)

b=

w F

2 2 2 L R L
*GZmdazBO(P 7mda7mdb)mdb(FA0d dF 0.du,dp +FA0d thAO da,db>

Rx*
-2 E Me, E :BO (p me ) Me )meb (FAO €q ebFAO Ea,€b + FA07éa,ebFA0,ea,eb)
a=1

3
-6 Z Muy, Z BO (p27 m’lQLa ) mib)mub (Fiz,ﬂa,ub Fﬁo,ﬁa,ub + Fﬁg,u FAO g ub) (52)
= =1

e Self-Energy for Higgs (h)

13



1
H(p*) = +5Th,a0,00*Bo (pz,mao,mao) +3

(p27m%7mi) + |Fh,H*,H+|2B0 (p27m%[+7m?{+)
2f 1 1 2,2 2\) _ 2, 2 2 2
+ 4T w- w+] rMS—I—BO prmiye,mis ) ) + 2Tz 2] 2rMS+Bo pe,my,my Bo(p~smys,myy )T
— B (p m?2 >F2 — B (p m2,, m? )F2 fA (m2 )F 0 o—lA (m2>F
0 L b= - 0 0% Mz )Lz gz = 540 a0 JLnh,a0,40 = 580 M L h,hhoh

— Ao (m%{+)rh,h,H*,H+ +|Th,z,40° Fo (P27m,2407mz) + 20y w- e+ [P Fo (p27m%q+, m%w)

1 1
Al nw - w+ ( - irMSm%,w + 4o (m%w)) + 2Ph,h,z,z( - irMSm% + A (m%))

NE

+3 (|th db|2+|rhd db‘ )Go(pz,mga,m?iJ

1b=1

3
9D (IPF e ICfe, e, 2) Go (92 m2, 2,
1b=

a

3
+ 322 ('Fh Ug,, ub|2 + |Fh ,Ua, ub| )GO <p27m3a7m12u,)

a=1b=1

2 2 2 Lx* R Rx L
—GZmdaZBo(p :mdavmdb) (th dF hyda,dp +th th,rZa,db)

@ o
Il

3
2 2 2 R L
-2 E Me, § By (p y Me meb)meb (Fh €a ebrh €a,Eh + Fh ea,ebrh ea,eb)

3 3
—6 Z My, Z BO (p27 mia ) mib)mub (Fh Uq , uth Ug ,Up + 1_\h ua,ubrﬁ ua,ub) (53)

e Self-Energy for Z-Boson (Z2)

I(p?*) = +2\Tzw- m+l Bo(P mw+,m%{+) +1T'z.2n] BO(P my, mj ) — 4Tz p a0] Boo(p onvm%>
+ Ly Boo(p mn+7 7,+)JF|FZ77 nf\ZB()o(P m2_7m )
— 4Tz g g+ *Boo (pQ,quJr, m%ﬁ) + 5140 (mio)Fz,z,AO,Ao + %Ao (m}QL)FZ,ZJL,h
+ Ay (m%]Jr)FZ,Z,H* HE

1
—Czw-w+ \2(10300 (p2,m%,v+,m%,v+) + 240 (m%;w) —2rMS <2m%/[/+ - §p2) + By (p mW+,mW+> <2mW+ +4p ))
3

#3305 (108 2+ 1T ) 57,0 )

a=1b=1

+ 4By <p2’ m?la 5 mﬁb)mda mdb% (Fg*da,dbrgﬂa ,dy ):|

14



3
Z [( Z.,Cq, eb|2+ |FZea eb| )HO(anmgaamzb>

+
NE

1

S
Il

o

—

+4Bo (97, m2, m2, Yme,me, R(T5 o, o T, )]
3 3
+3ZZ [( Z\lq, ub|2+|FZua,’U«b >H0<p2amza,mib>
a=1 b=1
2 R
+4Bo (p?m2 2, Yo, R (D5, 0TS )|

M“o

3
+ Z [( ZVa,Vb|2 + |FZ Va,l/bl )Ho(p27mz2/a?m1%b)

+ 4By (p?, m2,,m? )myam%&e(rz,, WTE. Vb)} + 20MSm2y - T e e

— 4o (m{Q/V+) (4F1Z,Z,W*,W+ AT 2w w+ + F%,Z,W*,W+) (54)

1b

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

3 3
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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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9.4 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
A0 AO
\ /
\ /
\ /
\ 7/
\N/
/7 \
/ \
/ \
7/ \
/ \
/ \
A0 A0
— 30\ (116)
h h
\ /
\ /
\ /
\ 7/
\N/
/7 \
/ \
/ \
7/ \
/ \
/ \
A0 A0
—iX (117)

30



— A

(118)

— 3iA

(119)

— A

(120)

31



— 2\

(121)

9.8

Two Scalar-Two Vector Boson-Interaction
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9.9 Four Vector Boson-Interaction
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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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