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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

21
5;1) = gg:f

1
B = =i (20891 +180g2 + 44092 — 25Tt (eded> — 75Tx (ee ) — 85Ty (eu ) _ 25Tr(YdYT)

— 75Tr (Yng ) — 85Tr (Yqu ))
ALY = ~303

1
B = 4} (1291 +80g2 + 1202 — 15Tr(eded> - 5Tr(ee ) - 15Tr(eu ) - 15Tr(YdYT)

- 5%(3@1@*) - 15Tr(YuYJ))

B = 743
1
B = —1593 (— 11¢% + 20Tr(eded) n 20Tr(eu ) n QOﬁ(YdYT) n 20Tr(Y YT) + 26092 — 4593)

3.2 Quartic scalar couplings

B

2
i

9
)= 2020 — 992 X6 + 2401 A6 + 6306 + 8Aadg + L0As A6 + 6A3 A7 + AAsAy + 2A5 A7 + 3A6H(edeg)

5
+ 3(/\3 + A4+ /\5)Tr(edYT) + ATt (ee ) + )\3Tr(e6 ) + M Tr (eEYT) + 5Tt (eeYT)

+ AT (euel) + 6 Tr (V) + 6MTr (Yaeh ) + 06T (Yav] ) + 20T (Ve )
+ 3)\6Tr(YeYJ) 43Ty (Yuez) + 30Ty (Yuez) + 35Ty (Yuez) + 36Ty (YuYJ>
- 6Tr(edeT YY) ) - 2Tr(eeYJ y;yj) 3T <eueLeuYJ ) - 6Tr(eueLYueL)

= 3T (e, Vfeueh ) = 3T (YaelVav ) — 3T (YavYaeh ) — T (vielverd)

Ty (Y YTY@eT)
1683 87 , 141 108
300 91 T 5919506 — =926 + —=giMAs + 108950 A6 — BI8ATAG + 6030

18
+ Egl)\g)\ﬁ + 189%)\3/\6 — 132X1 X306 — 36 930 — 32)\2)\6 + 695)\4)\6 + 369%)\4)\6
— 1401 Mg Ag — 28 Aoy hg — 68A3 A4 Mg — 34/\2)\6 + 129 As\g + 54g AsAg — 1481 A5 Mg



27 3 45
—20X2A506 — T2X3A56 — T6A4A506 — 36A2Ng — 111N3 + fg;% + §g§g§A7 + Zg%)w

36 , 24

—gl)\3>\7 + 3692 3 A7 — 36A1A307 — 36X 37 — 36A2\; + gf)\4>\7 + 1892 A4 )\7

6
— 28X A7 — 28X0 A7 — B6As A A7 — 34A2 N, — : P AsAr — 2001 A5 A7 — 202 A5 A7
— 40A3 A5 A7 — 44X A5 A7 — 42X0EN7 — 1260207 — 3306 AE — 4223
(16(10g Ao — (3>\3 (2)\7 ¥ >\6> W (AG + >\7) s (2>\7 + 5A6))) 4562\ + 52 AG)Tr(ede;)

3

40 (391 + 189193
— 5(393 n 8<1O>\1)\5 F 1202 4+ 1226 A7 + 3Asha + 3AuAs + 4Ashs + 6AAs + SA A + A2 + Ai)))Tr (ede)

15
+ gQ%AGTrGeGZ,) —g2/\6Tr<ee ) — 6/\3/\6Tr(ee ) - 8/\4/\6Tr(66 )
— 10)\5)\6Tr(e(, ) - 12)\3)\7Tr(ee ) - 8)\4)\7Tr<ee ) — 4)\5/\7Tr(ee )

3
20919§Tr (eeYT) 8g%Tr (eeYeT) — 6)\1)\3Tr(€eYeT)

= AT (e ) = SN T (e ) = AT (e V) = A3Tr (e

- %g?T‘r(eeYJ) 438

- 10)\1)\5T‘r<eeYj) - 4A3A5TT(66YT> - 3)\4>\5Tr<e YT) - 12A§Tr(eeYj)

- 12)\6)\7Tr<eeYeT ) 5—91 )\GTr(eu ) + %gQAGTr (eu ) + 60g2 /\6Tr(eu )
— 1440 )\6Tr(6u ) - 18/\3)\6Tr(eu ) - 24>\4)\6Tr(eu ) - 30)\5)\6Tr<eu )
. %ng (euYu> n g—ggl gQTr(euYT) zggTr(equ) - 18)\1)\3Tr(euYJ>

— 3A3Tr(euYT ) — 24\ Tr (euyf ) _ 9)\3)\4Tr(eu ) _ 3A4Tr(euyT )

_ 30)\1)\5Tr(euYT> _ 12A3A5Tr(euw) _ 9)\4)\5Tr(euY ) 36A2Tr ( YT)

u

27 9
— 366 A7 T (euYJ) 107 giTr (Yded> %glggTr (YdED — gggTr (YdGL)

— 18N AT (Yaeh ) = 3ATr (Yaeh ) — 2400 Tr (Yaeh ) — 9Aa 0T (Yac))

—302Tr (Ydeg) - 30/\1A5Tr(ydej;) - 12A3A5Tr(ydej;) - 9)\4>\5Tr<YdeIl>

— 36X3Tr (Yaeh ) — 36A6A7Tr (Yac)) + %ﬁAGTr(Yde )+ 1—259§A6Tr(ydyj )

+ 6093 AT (Y| ) = 14426 (Yav ] ) = 18026 Tr (Ya¥] ) — 200 T (YaY])
—30As A6 Tr (YaY] ) - gngr(Ye )+

33 3
2OgngTr(Ye ) — gggTr(Yeel)

- 6A1A3Tr(yeeg) - Agﬂ(yeez) — 8 AT (Yeez) - 3)\3)\4Tr(YEel)



2Ty (Yeez) - 10/\1A5Tr(yee§) - 4)\3>\5Tr (Y et ) — 3N Tr (Y et )

- 12)\§Tr(Yeel) - 12/\6)\7Tr<Yeel> —gl )\GTr<Y YT) ngAGTr (Y YT)
— 43T (YY) = 2T (VoY) = SAiAeTe (VoY) = 10A5A6Tr(yeyj )
. %g;m(yuel) + gggngTr(Y ¢ ) - gggﬁ(yuez) - 18A1A3Tr(YueL)
3Ty (Yueg) ~ UM AT (Yue,ﬁ) — 9 TE (YueL) 32Ty (YueL)

)
)+

— 183\ Tr (YuYJ ) - 24>\4>\6Tr (YUYT ) - 30)\5>\6Tr(Y i ) — 36A3)\; Tr (Y i )
)

- 30)\1)\5Tr<YueL - 12>\3)\5Tr<Y f ) - 9)\4)\5T‘r(YueL) - 36)\§T‘r(YueL>

= 36AATr (Vael, ) + gl)\ﬁTr (vavf ) e g2 AT (YY) + 200306 Tr (V)

— 24)\4)\7Tr<YuYT> — 12257 Tr (yuy’r — —/\6Tr (ededed€d> + 3)\5Tr<edededYT)

+ 6A5Tr (ededeed) — 6)\6Tr(edej;Yde> — 21)\6Tr(ede}:euej;>

- 12A1Tr(edeLGqu) - 6A4T&“(edeLGuY;) — 6X5Tr (edelequT)

= 60T (eael Vel ) + 1206 (eael VY] ) = 1207 (eael vV )

+ 3XsTr (edeTedew + 67 Tr (edeTedeT) + 36 Tr (edeTYde;) + %ngr (edeTYdeT)

= 323 (e [Yav] ) + 120 T (e [Yav] ) + 63T (e [Yav] ) + 60T (eav]vay])

- 6)\3Tr(edYTeueIl> - 12A6Tr(edYTeuYT) n §A6Tr(edyjyuejl)

— 6/\3Tr(edYTY YT) — f/\6Tr(e €lece ) + )\5Tr<eee eEYT) + 2)\5Tr(e €l 1Y, e )

- 2/\6Tr<eee YYT) n /\5Tr<eeY €t ) n 2>\7Tr(eeY eeYT> n AﬁTr(eeY Yee )
Engr(eeY Y, YT) 4 Tir(eeYTY YT) + 2A3Tr(eeyTY YT) 20 Tr (eeY Y, YT)

- 12)\1Tr(eueileeL) - 6/\4Tr(eueLYdeL) — 6)\5Tr(eueLYdeL)

+ 12A6Tr(eue;YdYJ ) - 12)\7Tr(eueLYdYJ> - %Aﬁn (euefueueg)

4
— gg%Tr (eueLeuYJ) — 1Gg§Tr(eueleuYJ) + 6)\1Tr(eueleuYJ)

8
+ 3/\3T‘r(6u€LEUYJ) + 3/\4Tr(eueLeuYJ> — gg%Tr(eueLYueL)
— 329§Tr(eueLYueL) + 12)\1Tr(euezYueL) + 6)\3Tr(eueLYueL) + 64 Tr (eueLYuel)

- 6A6Tr(eueLYuYJ ) - §A6Tr(euy Yael ) 120 Ty <equT YdYJ)



- 6A4Tr(equ Y,v ) - 6A5Tr(euyj Y,v ) - %ngr(euYJeu€L>

_ 1ﬁg§Tr(euYT €ue ) 60 Tr(euY ene ) +3)\3Tr(euY €ue )

+ 30T (Y euel ) + 6ATr (Y ew¥d ) + 30 Tr (e, VVael ) + 60 Tr (e, VYo
+ 60T (Yael Yael ) + = ngr(YdeLYdYT) — 1693 (Yael Va])

+ 60 Tr (Yaeh Y] ) + 33 Te (Yaehvav ] ) + 3xiTe (Yaehvav))

- 12A6Tr(ydeLY ¢ ) - 12Am(YdeLYuyj ) - 6)\4TY<YdeLYuYJ )

— 6AsTr (Yde Y, Y] ) +Z Tr(YdeT yde;) — 16¢2Tr (YdeT yde;)

6T (YaY Yaeh ) + 33 Tr (Ya¥] Yaeh ) + 8xTr (Yav{ Yaeh ) - §AGTr (vavivar])
- 6A3Tr(YdYJY € ) — 217 Tt (YdYTY Y*) T 2)\7Tr(Y etY,e )

)

gngr(Y vyt + 2/\1Tr(Y ety YT) n /\3Tr(Y ehy, YT)

4T (YeelYeY; ) - gngr(YeY; Yeel) + 2A1Tr(YeY; Yeel)

AT (VY Yeel ) + AT Yoy Yeel) - %/\GTr(YeYj YY) 4+ 60 Tr (Vel Viel)
+ 3A5Tr(YUELYuYJ ) + 35Ty (YuYJ Yuefu) - %A@« (YuYJ Y, v} ) 43T (ede;edY; Yde)
12T (eqel VaehVav] ) + 9T (each Yoy [ Vael ) + 3T (cacl eucheayy)

+ 6Tr(ede €€ Yded> - 3Tr(ede €€ TY ed) — 3Tr<ede €Y, YdYT)

+ 3Tr (edeleuYJeueL) —6Tr (edelequYqu) + 3Tr (edeLYueLeueD

= 6T (cachYuel VY] ) = 6T (cackVaYfeav] ) = 6Tr (eack VoY fVaeh)

+ 12Tr(edeT cach Yoy ) n 3Tr<edeT edegeue;) 4 6Tr (edeT edY;Yde;)

+ 3T (ea acheaV] ) + 9Tr (ea¥] Yael Vel ) — 3T (eavfVaeleuv])

+ 6T (eaV VoY each) + 30Tx (eav Yoy vav]) - 6Te(cavfvavieue)

n 3Tr(edeT Y, Yiv,Y] ) — 3Ty (ede euejﬁueg) - 3Tr(edYJ Y, Y]vy) )

+ Tr (6eeleeYeTYeYeT> + 4Tr (eeelYeelYeYJ) + 3Tr (eeelYeYJYeel)

AT (e Y eoel VoY) 4 2T eV eI Voel ) + Tr (e Vi VeeleoV)

+ 3Tr(eeYJ YeelYeeD + 2Ty (eeYJYeYj eeei) +10Tr (eeYJ }@};%YJ)



B

(1)
As

(2) _

As

—6Tr(eu YdedeYT> 3Tr<eu Yde €€ )—STr(euedeYTYde )
—6Tr(eu TYdYTeuYT) 6Tr(eu YdYTY € ) —|—3Tr(eueJr EuEIleG )

+ 6TT(eue €uE,, euYT) + 21Tr eueueu TY € ) + 12TI‘(6u€ euYTeuel) + GT‘f(eueLeuYJYuYJ)
+ T (euel Vaeleuel ) + 12Tr (euel Vael VoY) ) = 3Tr (euel v Vael )

+3Tr(e ey, YTeuYT> +9Tr(e Y, Y1, e ) 3Tr<e Y Yaeh Vael )
—6ﬂ(equYdeLeuyT) (e Y] Vael Ve ) 3Tr(e Y] Ya¥ie,el )
12T (e euelenel ) + 9T (Vi euel Yo ) + 3T (e, Ve Y[ Yael )
+ 3Tr (euYJeuYJYueu) + 6Tr (euYJYueueuYJ) + 9Tr (euYJYuelYueu)

+6Tr (e, Y]V, Y Y,y

u

( )+ 3T (e Vv ewel) + 12T (Yaelvav}vav))
= 3T (Yaeh vy var]) + 12m (Yo vaelvav) ) + 3T (Yavi vaelvavy)

n 6Tr(YdYTYdYTYded) (YdY Y, edeYT) n 6Tr(YdYT Yoy, YT)

4 3Tr (YdYT Y, ViVye d) 4 (}/;GZYeYeT VAL ) + 4Tr(yeyeT Y.elv, v )

+ 2Tr(Y VIV Yol

- —fg1 205 — 9925 + AA A5 + AAods + 8Aghs + 1204 A5 + 10A2 + AAgAy + 102 + 6A5Tr(ede;)
+ 6)\7Tr(ede) + 22T (eeel ) + 20 Tr (V) + 635Tr (euel, ) + 636Tr (V)

+ 60T (Yael ) +6A5Tr (VoY ] ) + 206Tr(Yeel ) + 225 T (Vo) + 60T (Yare] )

+ 6/\5Tr(Yqu ) — 6Tt (ede eqY] ) - 2Tr(eeyj eV ) - 6ﬁ(euyjeuyj) 6T (Ydejiydejl)

- 2Tr (Y ey, eT) — 6Ty (YUELYHGL)

I3 5T 231
1\ 2\
500 9175 + 5919225 — =g

48 7
+ Egl)\g)% + 369%)\3/\5 — 80A1A3A5 — 80 A3 35 — 28/\%)\5 + 791)\4)\5 + 7292)\4>\5

12 12
=4+ — gg)\5 — gg%)\l)% — 28)\%)\5 - — 2)\2/\5 — 28/\2/\5

— 88X\ Au)s — 88X Ay ds — T6A3 A4 A5 — 3205 N5 + 62 + 129702 + 5495 A3 — 148X\ \2

12
— 20A2A\E — T2A303 — T6ALNE — 720508 — — =01 FA6A7 — 40A A6 A7 — 40A2 A6 A7
— 80A3 A6 A7 — 884 A6 A7 — 168A5 A7 + 12ng$ + 54g3A2 — 20\ \2 — 148902
— T2X3A2 — T6ANF — T2\5)\3

n %(16(1093)\5 _ 3(2)\2>\5 20305 4+ 3Auds £ 5A2 + Am)) 4525 + 5g%A5)Tr(edejl)



- 6(2>\1>\7 F2ho)s + 22 (Aﬁ + >\7) +3A)6 + 3AaAs + 6Ashg + 6)\5>\7) (edYT> 15 LTy (eeez)
—592)\5Tr(ee ) - 8)\2)\5Tr<ee ) - 8>\3>\5Tr(ee ) - 12)\4>\5Tr(ee )

- 4)\6)\7”_[‘1"(6666) - 20)\2Tr<ee ) — A6 Tr (eeYT ) — A\ 6Ty (eey )

— 6)\4/\6Tr(eeYT ) — 12)\5)\6Tr(e(,Y ) - 4)\1)\7Tr(epY ) . 4)\3)\7Tr(ePYT>

- 6)\4)\7Tr(eEYJ) 12050\ Tt (eng) + Zg%)\5Tr(eueL) —92)\5Tr (eu )

+ 40g3A T (euel, ) = 240N T (ewel ) — 240025 Tr (euel,) = 36/\4/\5Tr(eu L)

- 60)\2Tr(eu ) - 12)\6)\7Tr(eu ) - 12)\2)\6Tﬁr<equ) - 12A3A6Tr(euyj)
18 AT (e Y ) - 36)\5)\6Tr(euYJ ) - 12)\1>\7Tr<euYJ ) - 12)\3)\7Tr(euYJ)
e[) = 36AsA7Tr (Y] ) = 122026 Tr (Yae) ) — 120306 Tr (Yae))

- 18)\4)\7Trg )
—I8NAGTr(Yaeh ) = 36250 Tr (Yaeh ) = 1200 AT (Yaeh ) = 120507 Tr (Yael )

_ 18)\4)\7Tr<YdeIl) _ 36)\5)\7Tr<Yde ) n g1A5Tr(YdYT) 15 ggAsTr(Yde)
+ 40g2 A5 T (YdYT> _ 24A1A5Tr(Yde ) — 24NN T (Ydyj ) — 36 )45 Tr (Yde )
— GON2TY (YdYT) - 12A6A7Tr(YdYT) — A\ Tr (Yeeg) — AAgATr (Yeeg)

— AT (Yeel ) = 120506 Tr Vel ) — 4)\1)\7Tr(Ye ) = DT (Yeel)

- 6)\4)\7Tr(Ye ) - 12/\5)\7Tr(Ye ) )\5Tr(YeYj> —592>\5Tr<Y YT)

- 8)\1)\5T‘r(YeYj ) - 8)\3)\5T‘r(YeYj ) - 12)\4)\5Tr(YeYJ ) - 20)\§Tr(YeYe)

— 4)\6/\7Tr(YeYj) — 12/\2)\6Tr(YueL) — 12246 Tr (Yuez) - 18)\4/\6Tr<YueL)

- 36/\5)\6Tr<YueL> - 12)\1/\7Tr(Y J) - 12/\3/\7Tr(YueL> 18\ TY (YueL)

- 36)\5)\7Tr<YueL> —791)\5Tr (Y YT) 5 §A5Tr(Y v ) + 4Og§A5Tr(Y YT)
- 24A2A5Tr(YuYJ) — 24\ Tr (Yuyj) - 36>\4)\5Tr(YuYJ) - 12A6A7Tr(yuyj)
— 60\ (Y, ) — g/\5Tr(edeIlede:;> + 66T (eacheav] ) +1206Tr (cachvae))
— 180T (cach¥av] ) = 33AsTr (cacleueh) — 1226 Tr (cacken )

— 120 T (eaeh Yaeh ) + 1225 Tr (eacl Vo Y] ) + 636 Tr (€a¥f each)

4
+: ngr(edY edYT) - 3zg§ﬂ(edyfedyf) 120, Tr (edyj eqY] ) + 12A2ﬁ(edyj eqY) )

10



— AT (e Vaeh ) + 120 T (eaV [ YaY] ) = 1227 Tr (eaVfeue))

= 24\ T (eaV eV ) + 83T (ea¥ Vael ) — 1200 T (e VY]

- %Ag,Tr(eee ceel ) + 2)\6Tir(eee V) + AN Tr (ecel Vel ) — 05T (el Y, )

+ 2)\6Tr(eeYJeee£) - g%Tr(eeYeTeeYj) + 4Am(eeygeeyg) AN T (eeygeeY;)

- 3A5Tr<eeyg Yeeg) n 4A7Tr<eeYeTYeY; ) - 12/\6Tr(eueZleeL>

120 T (euehvay) ) - 3)\5Tr<eue cucl) + 6A7Tr (euchen ] ) +1227Tr (euelVael,)

- 18A5Tr(eueLYqu ) + 3)\5Tr(equ Ydeu) - 12)\6Tr<equT Ydyj)

+ 6A7Tr (euYJeueL) — %g%Tr (euYJeuYJ> — 32¢2Tr (euYJeuYJ> + 12Ty (euYJeuYJ)

+ 12)\2Tr(euYJ e Y] ) - 9A5Tr(euYJYueL) + 12)\6Tr(euYJYuYJ ) + %g%Tr(YdeLYde;)

— 3203 (YaelVaeh ) + 1200 T (VaelYaeh ) + 1220 (Yael Yaeh ) + 637Tx (Yaelvav)

= 20T (Yael Yael ) — 1206 T (Vael V¥ ) + 60T (Yay [ Yaeh)

- g)\5Tr (vavivav]) = 1200 T (Yavvaeh ) - 330 T (Yav vy )

— L;gl Tr(Y elY,e ) n 4)\1Tr(YeelYeel> n 4A2Tr(YeelYeeL) 20, Tr (YengeYJ)

+ 20T (YeYJ Yeel) - %Ag,Tr(YeYJ mfg) - gngr(YueLYueL) - 32g§Tr(YueLYueL)

+ 12)\1Tr(Y eTuYueL) + 12A2Tr(YuELYueL) + 66Ty (YueLYuYJ ) + 6A6Tr(YuYJ YueL)

— ,)\5 ( YTY YT) + GTY(EdEdeYTEdYT> + 30Tr(6dede6deed) — 6TI‘(6d6 €Y edYT)

—6Tr (EdGT Y. eT Y, ed) + 6Tr (edYTedezedYT) + 18Tr (edYTedYTedej;) + 18Tr (edYJedeYdY;)

+ 6T (caVeaVeuel) + 12T (cavfYaviear]) - 6Te (caVifeucheayy)

—6Tr (edYJeuYJeued) Tr (edYJYqu edeT) + 2Tr (eeeeeeYjeeYJ) + 10Tr (eeezYeelnei)

2T (e eeele V) + 6Tr(ev eV ecel ) +6Tr(e v e VIVoY) + aTr (e v VoY e )
(GUELYdGLYdGL> + 6Tr (eue:&euYJ euYJ) + 30Tr (eueLYuelYueL) —6Tr (GUYJYdeequ)

+ 6Tr(equeueLeuYJ ) 18Ty (equeuYJ euez) + 18Ty (equ Y Iv, v ) 12Ty (euYJ Yquequ)

+ 18Ty (Yde;YdGLYde ) + 6Tr(YdeZleeLYuYJ ) 46Ty (Yde AT d)

— 6T (Yael Yael VY] ) = 6T (Vael oY [Yae) ) + 6Tr (Vav{ Yaelvae))

11



- 6Tr(Yde Yuejlydejl) +6Tr (Yeegygegyeyj ) +OTr (Yeeimfj Yeel) n 2Tr(YeYtengeeg)

+18Tr (YueLYueLYuYJ) 46Ty (YueLYuYJYueL) 46Ty (YuYJYueLYueL) (13)

9
ﬁi? = +6A3X6 + 4A4A6 + 2A5 A6 — gg% — 993 A7 + 2409 \7 + 6X3 M7 + 8\ A7 + 10As A7 + 9A7Tr(edejl)

2
B2 =

+ 62T (eaV] ) +3ATr (ecel ) + 20T (€] ) + 8A7Tr (euel ) + 3AsTre (V)
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— ZYUELGUYJ Y, — 2V,el Y, Yieq + ZYueLYuYJ €u

1 1 1
- ZYquT cachYa + Y, Y Yaehey — 1Yuyj YaYiv, - ZYquT YYly,

28



1
— (VY el Yy = VoY Yaehea + ;YUYJ Y.V} Y, + GeuetidTr(edejl)

1 P
+ %YuegedTr (edeD — lYuYJYuTr(edeD — gYueLYdTr (edeT>
= ZY Wl VuTr(eaV]) + 2euelYaTr (eoel) + iY cheaTr(ecel)
9 9
- ZYuYJYuTr(eeeg) - ZYUGLYdTr(eeYT) - Vel YuTr(eeYT)
— geueLYuT‘r<euGL) — %YUET euTr(eu ) ,y YTYdTr(eu )
Iy o Y _ 27y i i i
- ZYuedeTr(eJu) - SYuel, Tr(euY ) +6e,Y] YdTr(Yded)
9 15 9
- saY! YuTr<Ydej;) n ZYuyj e, Tr (ydeg) - vy euTr(Ydejl)

9 9 9
— Seuel¥uTr(Yay] )- ~Yuele,Tr (vav]) - VY[V (vav])

3 5
+2¢,Y] Y Tr (Yeel) - Sy YuTr(Yeel> +2v.Y) edTr<Yeel>

3 3 3
- 2vy) euTr<Yeel) _ 5eueLYuTr(Yng ) — Yyele,Tr (Yeyg )

3 9
VY YaT (YeYj) + 66, Y] YTy (Yuel) _ §euYJYuTr<YueL)

1
+ ;yuyj edTr(YueL) - gYuYJeuTr(YUEL) + Geyeh Yy Tr (YHYJ)

1 2
+ %YuegedTr (vuvd) -5 !

1
+ s (24>\1)\6 F 1200 + 122406 + 1205 A6 + 2400)7 + 122507 + 1204 A7 + 12A5)
+ 5(32g§ +9g2 +g%)Tr(Ydejl) + 15(g% +g§)ﬂ(yee§) 1742 ﬁ(y e ) + 4562 Tr(Y ¢ )

+ 160g§Tr (Yﬁ}i) — 54Tr (edeLYdeL) + 6Tr (ede}:YueL) — 18Tr (GeElYJl)

Ly, vy, Tr(Y YT)

+ 6T (ewelYael) = 54Tr (euel Vel ) = 54T (Vael YV, ) + 6Tx (Yae, v Y] )
+ 6Tr<YdYT Y, ed> 18Tt (Yeelyeyj ) - 36Tr(YueLYuYJ) 18Ty (YquYueL))
1267 4 9 21 , 19
Y, ( B
T Goo Nt T 09 T g T g
9., 5 ) 15 17 ;
+ 5)\7 + 3 (32g3 + 995 + gl)Tr<eded) + — (gl + gQ>Tr(ecee> Tr(Y Y, )

8 8

1 2
+ gggTr (vavi) + 208 (v} ) — {Tr(ede;edeg) - gTr(edejleYj )

- 9Tr<edeT euezri) + 3Tr(edeT YUYT) — %Tr(edeJrYde:;) + gTr (edYJYueL)

3

3
— 0393 + 99595 — 108g5 + 6A3 + A3 + A\zha + A] + /\2 + Ag

3
- ZTr(eeeTee ) - fTr(ee by, YT) ZTr(eeYJ Yeez) + 3Tr(eue§YdYJ)
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6(1)

B =

- gTr(eueLYuYJ) - ZTr(euYJYueL) - %Tr(YdeYux}) - %Tr(YuYJYuYJ))
le ( (2edede - 3Yde €y + 3YdYTYd — 46015r Y, + YdeGd + YdYTY )

—Ya(( =12 (egel ) = 12Tx (Yav] ) + 8203 — 4Te (VoY) + 963 + 67) )

+ea(3Tr(Yael ) + 3T (Yael ) + Te(Yeel ))

32
—g5 edede +

157 , 51
Ton 91 CdeYd + 3

120 8
— 4)\36d62Yd - 2)\46d62Yd

= —6)\7ededed + ggedede

23 3
3Og1 edeTY iggedeLYu

64 .
- EggedeLYu + 2X\z€q€), Yy, — 2M4€q€l Vo, — 6/\5edeTed

247 33 16
— 6)\6€deTYd + —ngdeIled + gQYdeded + gngeged

240 16 3

79
— 2)\3Yd626d — 4)\4Ydezled — 6/\6Ydede %91 Yde €y

9 187
+ TgQYde u — 1692V el e, — 6X6YaY, eq + —g%YdY;Yd

* %g%YdYJ Yi+ 1693YaY [Ya — 120 Yo Ya - %Q%YdYJY’L

i’z 2Y, Y Y, + 36 G YIY, — 2X3YY, Y, + 20, Y,V Y,

1
— ZedezedeLYd + edezedeLYu + 2€d€LYdEL€d — 2edeLYdYJYu

1 7
— Zede euede + 3€d€ €u€ TY + 2edeTY YTY + fedYTYde Yy

— edeTYdeuYu — ZedYJYuede + edYJYueLYu — ZYdeédEdfd

1 7
+ Yaeheaele, — ZYde;ede Yy + ZYdejiydydf eq — 2YqelYaYie,

11 1 7 1
+ ZYdeleueLeu — inGLequYd + ZYdeLYuYJeu — szY;edeLYd
3 1
— YaY] Vil e, + 51/de Y,Yiv, - 1YdYuT el Yo + VYV, el e,
1 1 9
- DYV [Ya - YV YY, - SeaclYay (edgg)
9 N9 27
— inegedTr (ede;) — ZYdYTYuTerEJ;) — ZYdngdTr(edYJ)
9
— deeTY Tr (edYT> — fede YdTr

4

- ZYdYJYuTr (eeeZ) - ZYde YdTr(eeYj) - deeTY Tr(eeYT)

1
+66d€TY Tr(eu )—i— dee euTr(eue ) YdYTYdTr<eu )

3
€€l ) — ZYdededTr<ee T)
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2
- {YdeLYdTr (euv) - %YdeLYuTr(equ) - gedYJ VaTr (Yae))

15
+6e4Y]Y, ’H(Yde A deYTedTr (Yded) + YaYfe,Ir (Yded)

27
+ 6eael Vi Tr (VoY ;1 Y achea e (Yav]) - e Vit (vav])

_ gedYTYdTr (Ye ) 26dYTY Tr (Ye ) — %YdeT edTr(Yeel)
+ inYTeuTr (Y € ) + 2eqel Y, T (Y YT) + ineT e, Tr (Y YT)
. %YdeT Y, Tr (YeYJ) - gedeT YdTr<YueL) +6eqY] YuTr(YueL)
9y vt i) 4 Oy A i
_ ZYde eqIr (Yueu) + ZYdY“ euTr<Yueu) — fededeTr<Y Y, )

2
- %YdegedTr<YuYT) - ngYTYuTr(YuYJ)

+ Yd( éég Zg 292 — %g% + i’;glgg + 99295 — 10895 46X + A2 + A3y + A2 + 3>\2 + 9)\2
+ §A2 +3 (160g3 +17¢% + 45g§>Tr(eueu> +3 (3293 +9g2 + gl)Tr(Yde) §ngr(Y YT)
8 TT(Y v - gTr(ededeY )- gn(edezeue;) + 3T (cact VY] )
Sl - () - ) <)
— %TK(GuETGuE ) ZTK(GU 'y, YT) + 3Tr(e YTYde ) - gTr(euYJYueL)
27

- (YdYTYdeT ) - %Tr (YdYJYqu ) - gTr(YeYJYeYJ))

v %ed (24/\1/\6 F 122506 + 12006 + 122506 + 24007 + 12X3)7 + 120427 + 1205A7

+ 5(3293, +9g2 + g%)Tr(Yde;) + 15(g% + gg)Tr (Yeel) F1742Tr (YueL) n 45g§Tr(YueL)

+ 16()g§Tr(YueL) — 54Tr (ededeed) + 6Tr (edeTY ed) — 18Tr (ee TY € )

+ 6T (ewelYael ) — 54T (eucl Yael ) = 36Tr (Vaelvav ) + 6Tx (Yael vav] )

—18Tr (YdeT YdeD + 6Tr(YdYJ YueD — 12Ty (YeelYeYj) — 6Tr (YeYj Yeei)

— 54Ty (YueLYuYJ )) (29)
%) = +% (266621@ +3Y.Y]Y, + Yeelce>

+Y, (3Tr<eu ) + 3Tr(YdYT) - 292 - %gg + Tr(YeYJ»

te (zm(ydejl) + 3T (YueL) + Tr(Yeei>> (30)
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g) = —6)\7666266 + 0

— 2)\gecel Y, — 6Ase Yl e, — 6)ge Y. Y, + 38009 PY.ele,

+ %ggYeelee —2X3Y.ele. — AN Yoele, — 6)gYoel Y,

387 135
—6XgY. Y e, + %ngeYJYe + fgSYeYJYe —12\,Y,Y]Y,

51
g%eeelYe + gg%eeeiYe — 4)\36561}/6

1 7 1
— feeeJéeeelYe + 266621/66266 + ZeeYJYeelYe — ZYeeleeeZee

1
Lot vt v ity vyt _ Lyt 3y vy vt
- JYedeY[Y. 4 Ve vy e - v iedY, + SYYIVY]Y.

4

9 9 27
— §eeelYeTr (edez) — zYeeleeTr(edej;) — ZYeelYeTr (edeT)

— geeelYeTr (eeel) — %YeeleeTr (eeel) — gYeeZYeTr (eeY;)
L 27 9
TYYLY, Tr(eu ) - —YeeiYeTr(euYJ) e VYT (Ydeg)

1 2
9 27 3
— ZYeYeTeeTr<YdeIl) — —YEYJYeTr(YdeT ) - Sey! YeTr(Yeei)

4
3y vyt £ _ 9y vt _9 vt t
- VY, eeTr(Yeee) - VY YeTr(YeYe) — SeYIYTr (Yueu>

— %YeYTeeTr( L) — gep ‘LY Tr(Y YT) — %Y € eeTr<Y YT)

149 2T, 21 3
200 7 0919 19

1 5 %
+ g(16093 + 1762 + 45g§)Tr(eue ) + g(32g3 +9g2 + gl)Tr(YdYT) §91TF<Y YT)

§g2T r(vord) - gTr(ededeY*) = fTr(ede cuch) + 3T (caclYuY))

9 3

+Y( 5+ 6A7 + A3 4+ A3hy + A2+ A2+ /\2+ >\2

3
- fTr(ede Ydeg) - 5%(66611@1/;) - ZTr(eeYeTYeee> 43T (euedeyj)
27 9 3 9
— Z’H(eu ueT) — i’ﬁ(euelYuYJ) + §Tr(equTYdeL) — ZTr(euYJYueL)
27 tyyT) - 2 v yT) 2 ty yt
— ZT]r(ydyd Yde) - iT]r(ydyu Yqu) — ZTr(YeYe Y.Y, ))
1
+ gee (24)\1)\6 + 12036 + 122406 + 12X5 0 + 24A0 7 + 122307 + 122407 + 122507
+ 5(3Qg§ 1 9¢2 + g%)Tr(Yde;) + 15(g§ + gg)Tr (Yeei) F17¢2Tr (YueL) n 45g§Tr(YueL)
+ 1609%’&(}@61) — 54Tr (ededeed) + 6Tr (edeTY ed) — 18Tr (eee Y.e )
+ 6T (ewelYael ) = 54T (eucl Yael ) = 36Tr (Vael vy ) + 6Tx (Yael vy )

— 18Ty (YdYJYdeD 46T (YdYJ YueD 12Ty (Yeggyeyg) — 6Ty (Yeyj Yeel)
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— 54Ty (YueLYqu))
1
ﬁg) = —|—§ (3€d€2;6d + edeleu + edeTYd — 3edYJYu + 2YdeTed — 4YdYJeu
+ 6YdTr(edeT ) 42V, Tr (eeYJ ) n 6YdTr(equ ))

1 9
+ €q <3Tr(edej;) + 3Tr (YUYJ) — 8¢5 — ng - Zg% + Tr(eeel))

187
6(2) gledez;ed —|— gzededed + 16936,162 €4 — 12)\2€d€2;€d

80 16

53 3 16
— 6)\7edede — 240gledeT €y + 16926d6T €y + gggedeleu
247

— 2)\36d6 €y + 2/\4ede €u — 6/\7€dYT6d + — 240 1edeTYd
433 ty, o 16 2 ot f
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79 9
~ %7 FPegYV, + 1—6ggedYT Y, — 16g2¢4Y,[ Y, — 6);Yaeheq
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— 65 Yael Yy + —ngdY;ed + —g%YdY;ed + = ggydyjed
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— AN Y eq — 20 YaY eq — XYY, Yy — =2 ngdYT €u
— §92YdY €u — G—ggdeTeu +2X3Y Y. e, — 204V, Y €,

3 1 1
+ fedeiledejied — edededYJYu — ZEdEdeYd €4 — fedeleuejied

2 4
Loete et Fe VY, — Lt v vie & Lo v
— Zedeueueueu + eqe) €Y, Y, — ZedeuYUYu €u + Zede €q€,Yq

—2e4Y]eqel Y, — iedeT Yaeheq — iedeT YV Yy+ eV VY Y,

+ ZedYJ uel Y, — iedYJ Yyehea + 14—16de Y, YIv, + ZYdegede €q
— YdeLGdYJeu — inezeuY;ed + YdeLequeu

— 2V, Y eqele, +2YaY e ViV, — %Yde YoYileq + YoV ViYie,

1
+2Y, YV e el e, — ZYdYTYquT €q +3Y,Y Y, Ve,
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— ZedefiedTr (ed ) —edYTY Tr(ede ) + 6YdYJeuTr<edej;)
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— ZededeTr(ed ) + —ede Y, Tr(edY ) — deededTr<edY )
+ 6YdeLeuTr (ede> — %edededTr (eeei) + §ed}/:f)/'uTr (eeee)
+ 2YdYJ€uTI‘ (eeei> iededeTr (eeYT> ZedelYuTr (EEYJ)
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B =

3 9
— ineLedTr<eeYj) + 2YdeJ{LeuTr (eeYJ) — Eede}:euTr(euei)

— gedYJYdTr (eueL> — ngYJedTr (euel) — gededeTr (euYT)

1 1
1

n Z‘r’edeLYuTr(euYJ ) - ngeLedTr(euYJ ) +6Yge euTr(euYJ )
27 9 9

— peaYjedlr (vaeh) - CeaY,feTr (vaeh) - e eheuTr(vav])
9

— Sea¥] Vi (Yav]) = Syavjesme(vav)) - fedYTedTr(Y )

- ZedYJ euTr(Yeei) - ZedeleuTr(YeYJ ) - Zedyj Y, Tr (YEYJ )
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- §Yde e/ Tr (YeY; ) — gedeT e/ Tr (YueL) - %edYJ euTr(YueL)
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+ 5(32g§ +9g2 + g%)Tr(edeT ) + 15(93 + gg)Tr (eeYJ) n 17g§Tr(euYJ ) n 45g§Tr(euYJ)
+ IGOggTT(euY ) — 18Tr (edededYT> + 6Tr (ede euYT) — 36Tr<edYTeded)

= 54T (eaVVaY] ) + 6T (eafeue)) + 6Tr(earVaY]) = 6T (cocte. )

— 12T (e eeel ) = 18Te (VYY) + 6Tr (e Yav] ) - 54Tr (e Y euel)

— 54Ty (euYTY YT))
U3 g 2T, 2
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+€d( 600 -5 g9 — VECha 1—59193 + 99297 — 1085 4 6A2 + A2 + A3y + A2 + §A§ +3
9 15 17
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— 160A3€, Y Y, — 320\4e.Y.Y, — 480X\, Y ele, — 4805V el Y,
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— 480/\6Y6Y6TY6 + 1206662666266 - 2O~s€eZYeYJ~se + 14066YJ€€62Y€
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- 360Y6YJeeTr(eueL) ~ 180c.el YV, T (euYJ) - 360YeeleeTr<euYJ>

— 5406, Y e, Tr(Yaeh ) = 180e, Y,V Te (Yav] ) - 360v. e Tr (vay])

— 180e. Y e, Tr (Y;eg) — 60e. Y.V, Tr (YeYJ ) — 120, Y e Tr (YEYJ)

540, Y e, Tr (YueL)

+ 3ecele (129g% - 180Tr(ed62) - 180T]r(YuYuT ) + 22562 — 320\, — 60Tt (eeeg))
+10Y, (24)\1)\6 F 1220506 + 120006 + 122506 + 24007 + 122327 + 120007 + 120507
+ 5(3293, +9g2 + g%)Tr(edeT ) + 15(93 + gg)Tr (eeYJ) + 17g§Tr(euYJ) + 45g§Tr(euYJ)
+ 160g§Tr (euYJ) — 18Tr (edezedY;) + 6Tr (edezequT) — 36Tr (edeTede:;)

54Ty (ede YY) ) 46T (edYJeueL) + 6Tr(edYJ Y,Y] ) - 6Tr(eeeleeyg )

- 12Tr<eeYeTeeel) — 18Tr(eeYteY; ) 46Ty (equT Y,y ) — 54Tv (euYJ eueL)

— 54Ty (equYuYJ)))
1449 27 21 3 3 9
+ ee(ﬁgi1 359808 = 98 T 6N+ AT dada £ N DN DN 4 o0
5 15 17 45

+ 3 (329?2, + 995 + gf)Tr (edeji) + 3 (g% + g%)Tr(eeei> + gngr (YuYJ) + gggTr (YuYJ)
27 9 9

+ 20g§Tr (YMYJ) - ZTr (edezledeIl) — §Tr(€dej;YdeT) — ZTr (edeleueg)
9 3 9

+ 3Tr (edeLYuY;> 1 edeTYdej;) + §Tr (edYJYueIl) — ZTr (eeeieeel)

o
/N N

9
eeYteel) + 3Tr(eue:;YdYJ> — §Tr<eueLYuYJ)

- %Tr (euYJYueL) - %Tr(YdYJYuYJ ) - %Tr(YuYJYuYJ )) (35)
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3.4 Scalar Mass Terms

9
6m12 = 712)\6m% - *ggmlg + 2)\377112 + 4)\47’)112 + 6)\5TTL12 - 12/\7m§ - 6m%Tr <€deT>

9 2
T091m12 3

- 2m1Tr(eeYT ) - 6m2Tr(euYT ) - 6m2Tr(Yded> + 6m12Tr(YdY*> - 2m2Tr(Y e )

+ 2myo Tr (Yeyj ) — 6m2Tr (Yuefu) + 6mysTr (YUYJ ) (36)

72
AR = -5 G Aem? — 1292 Mem? + T2A Aem? + 24X3\em? 4 24Mg \em? + 24X5 \em? + 12X3\7m?
1377 9 243 12
+ 120 7] + 12X5A7m3 + 100 89192m12 6 = gamaz + 6ATmiz + 6A3mia + 59 TAsmis

24
+ 12g§/\3m12 — 12/\1)\3’/7112 — 12)\2/\377112 + gg%/\4m12 + 249%)\4’”112 — 12/\1/\4m12 — 12)\2)\4m12

91 mio +

36
— 6)\3)\477112 + ng/\smlg + 369%)\577112 — 12)\1/\5m12 — 12/\2)\5m12 — 12)\3/\577112 — 12/\4)\5’/7742

+ 3)\§m12 — 12)\%77112 — 36/\6)\7m12 — 12)\%’”112 + 12)\3/\67715 + 12)\4/\67715 + 12)\5/\67715
72
5
+ ( — 12 gmy9 — 18 A5mio + 209§m12 — 6A3mys + 72)\7m§ +

GiNem3 — T2g3Aym3a + T2 \ymi + 24X3\7m3 + 24X\ \ym3 + 24\5 Ay

45 5
§g§m12 + g!]%mm)TY(wGL)

+6(20 (m} +m3) +3( = 2(% + Az Jmuz + s (m +m3 ) ) + g (m? +m3 ) )T (ea] ) + 15

3 g%mlgTr (eeel)

+ 185gzm12Tr(e € ) — 2/\377112'1’1“<ee ) —4)\4m12Tr<ee ) — 6/\5m12Tr<6 eT)
+ 24\7mATr (ee ) +2X3m2Tr (eeY ) —|—4)\4m1Tr<ee ) + 6)\5m1Tr<eeYT)

- 12A6m12Tr(eng) - 12)\7m12Tr(eeYJ) + 2A3m§ﬂ(eeYj> + 4)\4m§’ﬁ(eeYj>

+ 6)\5m2Tr<eeY ) + 72)\6m1Tr(eu ) + ggfmlgTr<eueL) + %g%muTr(eueL)
+209§m12Tr(eueL) - 6)\3m12Tr(eu ) - 12/\4m12Tr<eu ) - 18)\5m12Tr(eu L)
+ 6>\3m1Tr(euY ) + 12A4m§Tr(euYT) + 18A5m1Tr(euYT> - 36A6m12Tr(euYf)

- 36>\7m12Tr(euY ) n 6A3m2Tr(euYT) +120um2Tr <euY ) n 18A5m§Tr(euYT)

+ 62 gmiTr (Yach ) + 120m3 Tr (Yaeh ) + 18Asm3Tr (Yach ) + 6xgm3Tr (Yae))

+ 1223 T (Yaeh ) + 183sm3Tr (Yaeh ) + 7206m3 T (Yav] ) + gg%mmTr(Yde)

+ % ggmuaTr(Yay]) + 20g8muaTe (Yav] ) = 6hgmazTr(Yav] ) = 122umasTr(Yay])
— 18 smua T (YaY] ) + 2xam3Tr (Yol ) + 4hmi3Tr(Yoel ) + 62smiTr (Yeel )

+2m2Tr (Yeel> +4Nm2 Ty (Yeeg) + 6Asm2 Ty (Yeel> + 24\gm2Tr (Yeyj)
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+ 1é)gfmuTr(YQYJ) + %g%mlgTr<YeYj) — 2A3mqoTr (YeYJ) — 4 ymiTr (Y;Yj)
- 6)\5m12Tr(YeYeT> + 6>\3m%Tr(YueL) + 12A4m§Tr(YueL) + 18A5m§Tr(YueL)

+ 6A3m§Tr(YueL) +120ym2Tr (Yue,’;) +18Asm2Tr (YueL) + ggfmlgTr(YuYJ>

+ %g%mlzTr(YuYJ ) + 20¢2myo Tr (YuYJ ) - 6)\3m12Tr(YuYJ ) - 12)\4m12Tr(YuYJ )
— 18A5mqoTr (YuYJ> + 72)\7m§Tr (YMYJ) — %mlgTr (edezedel}) — 9moTr (edeLYdeT>
— ?mlgTr (edeleue;) + 12m%Tr (edelequT> + 12m§Tr(ede}:Yueji)

+ 6musTr(eacl VY] ) - gmlgTr<edeT Yaeh) + 12m3Tr (ea¥feue))

— 2muTr (ea¥euv] ) + ‘;’muTr (caVifVaeh) + 12m3Te (eav;f VoY)

— zmlgTr<eeeTee ) — 3m12Tr(eee YYT) — imlgTr(eeY Y.e )

+ 12m§ﬂ(eueLYdeL) + 6m12Tr(euejleYj) - ¥m12Tr(eueLeueL)

3
_ 9m12ﬂ(eueLYuYT) i 2m12ﬁ(euYTYde ) n 12m§Tr(equYdYJ)

- gmlgTr(e ViVael ) +12miTe (Yael VY] ) — %mlgTr(YdY;Yde)

+ 12m2Tr(YdYT Y, ed> - 32—3m12Tr(YdYJ Y,Y] ) - %mlgTr(YEYJ Yeyj) - %mlgTr (Yuyj Y,V ) (37)
,82% = —%glml - ggzml +12Xm3 — 6 gmag + 4X3ma + 2 gm3 + 6m3Tr (6 € ) — 6m12Tr(€uYT>

+6miTe(Yay) ) + 2miTe (VoY) (38)
BE) =+ b 4 St — g+ T + TN — 60N — 2\

36
— 2)\3)\47)’11 — 2)\421771% — 3/\5m1 27)\6’”7/1 + 3)\7777,1 5 g%)\gmlg — 369%)\672’112
9
+ 361 Agm12 + 1223 6m12 + 1204 M2 + 12X5 6m12 + 6A3A7m1o + 6 g A7mi2 + 65 \7mqs + 1Oglm§
15 4

2
+ 29 m3 + 59

—8A2m2 — 1222m2 — 18)2m2 — 18X2m2 + 6( (2/\3 + A4)m§ + 3)\6m12)Tr (ede;)

12
A3m3 + 24g3\3m3 — 8A\3m3 + —gf/\4m§ +12g2\4m3 — 83 g

— 6( — (2)\3 + 61 + )\4> miz + 3¢ (m% + m%))Tr(edYT) + 6/\6m12Tr<ee ) — 8)\3m2Tr(ee T)

- 4)\4m2Tr<ee ) 6A6m1Tr(eeYT ) + 12)\1m12Tr(eeY ) + 4)\3m12Tr(eeY )

17 45
+ 2)\4m12Tr(ee ) — GAGmQTr(eeYT) ZglmlTr(eu ) + Zggm?Tr(eueL)
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—|—4093m1Tr(€u ) - 72)\1m1Tr(eu ) + 18)\6m12Tr(eu ) - 18A6m1Tr(euYT)

+ 36)\1m12Tr(euYJ) + 12A3mqoTr (euYJ) + 6/\4m12Tr(euYJ) — 18)\6m§Tr (euYJ)

5 4
- 18A6mfﬁ(yde;) - 18/\6m§ﬁ(ydeg) + 4glm1"_[‘r(YdY ) =9 m%Tr(YdeT )
+ 40g2m3Tr (YdeT ) — 720 mTr (Yde ) + 18A6m12Tr(Yde ) — 6Agm?Tr (Yeez)

1 1
—GAgmgTr<Yeel> Z5glm1 (YYT> 45

+ 6)\6m12Tr(YeYJ ) - 18A6m§ﬁ(yueg) - 18A6m§ﬂ(YueL) + 18)\6m12Tr<YuYJ>

nglTr(Y YT) — 24A1mer(Y YT)

— 24Ngm2 Ty (YuYJ ) — 120ym2Tr (YUYJ ) — 92Ty (edeIleY; )
gmlTr(ede eued) + 12m12Tr(ede euYT) + 6m%Tr(ede Y, YT)
— 12m2Tr<edeTY YT> — gmlTr<edYTYded) — 3m1Tr (e eTY YT>
— gm?Tr(QYJYeeZ) + 6m1Tr<euedeYT) — 12m§Tr (euedeYT>
%m%Tr(eueT €u€y, ) — Qm%Tr(eue Y, YT) — 21m2{Tr(euYTYde )

9 27
+ 12m12Tr<equT Y,y ! ) - fmlTr(equ YueL) - SmiT (YdeT Y,y )

- gmlTr(YdYTY YT) - 9mlTr<Y Yy, YT) (39)
B = +4xgm? + 20 4m3 — 6Agmaz — 190 m2 — gggmg +1200m2 + 6m§Tr(ede;) - 6m12Tr(edeT )
+ 2m2Tr(eee ) - 2m12Tr<eeY ) + 6m§Tr(Y YT> (40)
9 15 24
5(22 +E m? + Eg2m% + g2 Asm? + 243 \3m? — 8/\3m1 5 ZgZam? + 12g3 0 m?
— 8A3\ym? — 8\2m? — 12/\§m1 — 18A2m? — 18X2m? + 6A3 12 + 6As a2 + 6As A2
36 1737
— Egl /\7m12 — 3692)\777112 + 36)\2)\777112 + 12)\3)\7m12 + 12)\4)\7777/12 + 12)\5)\7m12 + — 400 4 2
999 o5 123 292 2 2 2 ann2.2 _ o932, 2 2
+ gI192Ms = T =gy + 5 giAams + 72g5ams — 60A3m5 — 2A5m5 — 2A3 4m5
—2\im3 — 3/\5m2 + 3/\§m§ —27\%m
(18)\7m12 4 (16093 — 288\, + 452 + 5gl>m2)Tr(eded>
15
_6( - t i 2 t
6( (2)\3 + 6o + )\4)m12 + 3A\7 (ml + mz))’IT<ede) + 6/\7m12Tr<eeee) + 1 glszY(eeee)
15
+ 1 gzmz’ﬁ“(ee ) — 24)\2m§’ﬁ(eeel> 6)\7m1’H( Y, ) + 12/\2m12Tr(eeY )

—|—4)\3m12Tr(eeY ) + 2/\4m12Tr(eeY ) — 6)\7m2Tr(eeY ) 24)\3m1Tr<eu )
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- 12)\4m1Tr<eu ) + 18/\7m12Tr<eu ) - 18)\7m1Tr(euY ) + 36)\2m12Tr<euYJ )
+ 12A3m12Tr(euYT) + 6Agmio T (euY’f) - 18/\7m§Tr<euY ) - 18A7m§Tr(YdeL)
- 18)\7m§’I&r(YdeL) - 24A3m§ﬂ(ydyj ) - 12A4m§Tr(Yde ) + 18)\7m12TY(YdeT )
— 6Arm2Tr (Yeeg) - 6/\7m§Tr(Yee;[) — 8Aym?Tr (Y;YJ ) — A\mATy (YeYJ)

+ 6)\7m12Tr(YeYeT> - 18A7m§Tr(YueL) - 18A7m§Tr(YueL) 4 18A7mpo T YuYJ>
LU ngﬁ(yuyj ) + %g%m%ﬁ(Yqu ) + 4Og§m§’H(YuYuT) - 72)\2m§TY(YuYJ)

4
27

?mg’ﬁ(edededeg) — 9m2Tr(ededeY ) — gmgTr(edeleuej;)
— 12m%Tr(edeLYquT) + 6m§Tr(edeLYquT) — gm2Tr(edYTYded)

+ 12T (eqVfeue)) = 20m3Tr (eq¥ Yael ) + 12maTr (e[ v, Y]
— gmgTr(eeeleeel) — SmETr(eeelYeYeg — gmgTr(eeY;YeeD

— 12m%Tr(eueLYdYJ) + 6m2Tr(eu YdYJ) — 9m2Tr (eu Ty, YT)

2
mgTr(euYJYueL) - gmgTr(YdeYqu) - (Y Yly, YT)
2 2

3.5 Vacuum expectation values

B(l) = (991111 + 4592111 + 3glv1X1 + 15921)1X1 300, Tr (edYUD — 1Ov2T‘r<eeYeT)

- GOvlTr(eue ) = 8005 Tr (€Y ) = 300 (Yaeh ) — 600, Tr(Yay] ) = 100,Tr (Yol )

200, Tt (YeYeT ) 300, Tt (Yuez))
1359 4 27 249 3
BiY) = — 500 9101 — gu9igiv + 5 g2v1 — 6Xr — Njur — Aahavs — Njun — SX3uy
9 3 3 3 3 3
- 5)\(25’1)1 - 5)\7’1)1 - 3)\1)\6U2 - *)\3)\6’02 - *)\4)\6’02 - *)\5)\6?)2 - 3)\2)\7’02 - *)\3)\7’02
3 3 9 9 45 . 9 9
— 5)\4)\71)2 — ,)\5)\77}2 + 400911)1)(1 + 4091921)1)(1 + 169301){1 + 4009101)(1 + 40919201}(1

9
~ gl Xi? - (45g2 (2 — 2001 Xi + 52 ) +800g30s + g3 (18 — 18701 Xi + 2502 ) ) Tr (ea¥ )

830 (5g2 (2 20 Xi + 51)2) +g? (2 2 Xi+ 251}2))Tr(66YT ) - gg%vlTr(eueL) -

7g1 vy Ir (euY )

9
gllelTr(eu ) — fggleiTr(eueL) 16

— 20920, Tr (euel) 1

20

39

8

45
g%vl Tr (eueL)
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5(1)

8P

45 9 93 9 9%
1692v2Tr(euY ) — IOg3ngr(euYT) 10 + 4—Oglv1X1’H (euYT) ~3 + §921}1X1T1“ (euYT)
5 45 9 97

1691U2Tr(Yded> 16g2U2Tr<Yded> - lﬂggngr (Yded) 0 40g1v1X1Tr (Yded)

9

17} . 45

- g — S BuXiT (Yded> - ggfvlTr (YdYJ ) - gggvlTr(YdYT) - 2Og§vm(Yde )
9 .

9 20 XiTr (YdyT) - Zg%leTlr(YdeT )

glngr(Ye ) gzngr<Ye )

20 16 16
3 31 3 . 15 15
-0 4Oglv1X1Tr<Ye ) -3~ ggglelTr(Yee ) — ggfvlTr(YeYj) — gggvlTr<YeYj)
1 4
23091U1X1TI‘(Y YT) — %ggleiTr(YeYT) — nglngr(Y e ) — £9202TT(Y € )
9 97 9 U 9
— 1Og3v2Tr(YueL) 0 4091U1X1Tr (Y € ) -3 glgzlel’H (Y € ) + évg’ﬁ(edegede)

4
27 9 9
+ gngr(edeLYdeL) + — 2 (ededeYT) + 41)1Tr (ede euel})
3 3
— gngr (ede €Y, | — =voTr (ede Y, ed) — 3U1Tr(ede Y, YT>

27
vlTr(edeT Ydejl) n gUQTr(edeT YY) )

\C,Orlk\@oo

/)
+ %ngr(edY €4E ) +
3 cuch) -

3 .
— = Tr(eqY, e € voTr (edYJYquT> + gvar<eeeleeYJ)

8 ( 8
9 3
+ gUQTr(CeElYE ) + vffr(ee 1y, YT) + 4U2Tr(eeY €c€ )

- gvlTr(e YIVye ) - fngr(euYTYdYJ) UQTr<€uY € T)
+ gvlTr(euYJ Y, L) f'UQTI‘(EuYT Y,V ) —ngr(YdedeYT)
— SoaTr(YaehvaYy) —vlTr(YdYTYdY ) = SoeTr(Yav V)
+ ST (Y vayf) + zng‘r(Ye v.YS) + vlTr(YY voy))

+ %ng‘r(YueT v + gngr(YuYTYue )

(991 vy + 4592112 + 3g1 voXi + 15921)2X1 60v, Tr (edez) — 30v;Tr (edeT)
— ZOUQTr(ee ) — 101}1Tr<ee ) — 30v1Tr(eu ) — 30v1Tr<Yded) — 101}1TI‘< )
300, Tt (YueL) - 60v2ﬁ(YuYJ))

3 3 3 3 3 3
= 73)\1/\61}1 - §A3)\6’Ul - 5)‘4)\6’01 - 5)\5)\67)1 - 3)\2)\71}1 - 5)\3)\71)1 - 5)\4)\7’01 - 5)\5)\7’[)1
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1359 27 4 249 , 3

- 800 Vo — 809192 2 + 32 92’1)2 6A§7_}2 — )\%’Ug )\3)\4’02 — )\4’02 — *)\51)2
3 9 9 9 45 9 9

— f)\6v2 — ,)\71)2 + 4OOglv2X1—|— 4091921)2}(1—1— 1692v2X1+ 4OOglv2X1 + 4Oglg2v2X1
9 1
16 TAaXi® — v (4592 (2Xi + 5) +800g2 + ¢ (18Xi n 25))Tr<edeji)
30 (4592 (2 + 20 Xi + 51)1) + 800937)1 + 97 (18 + 18iv9Xi + 25v1>) ( ) glngr (6e T)
15 3 3, . +

— §927)2TT<€e ) 209102X1Tr(ee ) — 1927)2)(1% (%%) glvlTr( )
15 3 3i 3 3 . 17
1692U1Tr(eeYT) w0 40glng1Tr (eeY‘L) 3~ gggnglTr (eeYT) - EglvlTr(euYT>
45 9 9i 9 9
1692v1Tr(euY ) — 1093U1Tr (euYT) 10 ZOglUQXlTr (euYT) -3~ ggznglTr (euYT)
5 45 9 9 .

— 173gller(YdeL) - Eg%mTr(YdeL) — 10g§vlTr (Ydej;) 10 + — 40 1@2X1Tr (YdeD
9 9, . t 3 31

-3t §92U2X1Tr (Yd6d> 911)1T ( c€e ) gzvlTr (Y € ) ot @91U2X1T1"(Y € )
3 3

~3 + gggngiTr (YeeT> —glvlTr( wEl, ) g2v1Tr(Y € ) — 10g31)1Tr (YueL>
9 93 9 % . 17 45

-0 + EQWZXITT (Y € ) -3 + §921)2X1TY(YUEU) — gngQTr (YUYJ> — gggngr(YuYJ)

9 9 27
- 2Og3v2Tr(YuYJ ) - %gfsziTr(YuYJ ) - ZggvpﬁTr(YuYJ) + o (gdegede;)
27 9 9
+ gvlTr (EdEZYdEL) + §’U2Tl“ (fdGLYdeT> + ngTr (GdELGuED
3 3
— gvlTr(edelequT) — gm’H(edeLYuEL) — 3v2Tr(edelYquT)
27 9 27
+ §vlTr(edeT cach) + ngTr(edeT Yaeh) + gvlTr(edeT vav])
3 3 3
_ gvlTr(edYT euejl) _ ivgrﬁ“(edYJ yueg) _ gvlTr(edYJ Y, Y] )
9 3 9
+ ZwTr(vsee ) + v{fr(ee TYe ) + §v2Tr(eeelYeYeT> + gvlTr(eeYefeeel)
3 tyyt) -3 i
+ ngr €e Y Y.e ) + v{Fr(eeY Y. Y, ) — gvlTr(eu Ydeu)
vy yt) 4 2 feyt) 4 2 Ty of
— 3uTr (euedeYu> + gvlTr (eueueuYu> + gvlTr (eueuYueu>
3 9
+ 2v2Tr eueTuYuYJ) — gvlTr<equTYdYJ> + ZmTr(euYJeueTu)

2
n va e YJYUEL) n gvlTr(euYJYqu) n %vlTr(YdeLYde )

_ %vlTr(YdeLYuYJ )+ %ulTr(Yde Yae}) - SvlTr (vavivaeh)

n ngTr Yviv,y) ) n ZvlTr(YeelYeYJ) n gvlTr(YeYeTye61>
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2 2
n gvlTr(YueLYuYJ) + {ngr(YuYJ Y,V ) (45)

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

( MJZ) ) :ZVz< ;” ) (46)
(v ) () &

(48)
The mixing matrices are parametrized by

7 _ cos Oy —sin Oy (49)

sin©w  cos Oy

1 1
z" = ( Va2 ) (50)

—172 'Lﬁ
(51)

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

e Mass matrix for Higgs, Basis: (¢1, ¢2,01,02), (d1, d2,01,02)

Me1gp1 Moy Mordps Moy
m m m m

m}% _ D102 D202 o102 o202 I fzm2(Z) (52)
Mepio1 Mooy Moo Mogoy

Mepro0y  Mepyoy  Moyoy  Mosos

1 _ _ . .
My = 1 (12)\111% + 6_2”711%/\; + vg ((2 (/\3 + )\4) + 62”7/\5)1)2 + 60 (e_”’)\ﬁ + e”’)\g))) +m? (53)
1 .
My = 1672“7 (2’011}2/\;
+ ei"( —2mqg + 3)\60% + 62“7( —2miy + 3(1}%)\3 + v%A?)) + vg ((263“7)\5 + 4e™ ()\3 + )\4>)v1 + 3/\7112)))
(54)
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1 . . . .
Magn = (12)\21)% + 6vyv2 (67“7)\7 + 6“7)\;) + v? (2 ()\3 + )\4> +e ML 4 62“7)\5>) +m3 (55)

Moy = %e_%"vg (vl (263“])\2 - 26“7)\6) + Vg (64“7)\5 - A;)) (56)
Mepyoy = iefzi”( — 201v9A\E + e (2 (63“7)\51)1112 + m12) —3\vd + 62"7( —2mj, + 31}%)\; + vf)\g) — )\6@%))
(57)
1 4 , , A
Mooy = (4)\11)f — 672“71)%)\; + vy (2(()\3 + /\4>vg + vy (67“7)\6 + e”’AZ)) — 62“7)\51)2)) +m? (58)
Moy = —36_2“7( — 20102 Af + e (2 (63”})\5’01’1}2 + mlg) — 3)\6vf + 62“7( —2miy + SU%)\E + v%)é) — )\711%))
(59)
Mooy = 7%6721‘%1 (m (64“7)\5 — )\E) + vg (263i”)\§ - 26"7)\7)) (60)
_ 1 —2in * n 3in o 2in( _ * 2y * 2y x 2 2
Mooy = 7€ 20102 A% + € 2e”" Asv1v2 — 2mye + € 2m7iy + viAG + V35 ) + Agvi + Arvs (61)
Moyoy = +m§
1 . . _ _
+ 1 (267177)\71111}2 + 2e"Mvua Ay + 2()\31)% + )\4vf> + 4Xgv3 + vf( —e AN — 62”7/\5>) (62)
Gauge fixing contributions:
0 0 0 0
0 0 0 0
m*(&z) = (63)
0 0 Mooy Moyo,
0 0 Moyop Mogos
1 2
Mooy = zuf (91 sin Oy + g2 cos ®W> (64)
1 . 2
Moyoy = Zvlw (g1 sin Oy + go cos @W> (65)
1 2
Mogoy = ng (91 sin Oy + g cos @W) (66)
This matrix is diagonalized by Z%: 4
ZHm3 71t = mgin (67)
with
¢1=>_ ZHh;, G2 = ZJsh;, o1 =Y Zj5h; (68)
J J J
02 =D Zjih; (69)
J

e Mass matrix for Charged Higgs, Basis: (H,*, H, "), (H;, HJ)
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*
o _ | MutrEd Mppegr
my- =

2 —
+&w-m*(W7)
Mptopgt Mgt g

1 ) )
Myt gt = = (20107 4+ 2 (Azva + v1 (€7 g + e +m?
H{""Hy 2

1 o/ 4
me'*H;r = 56 2in (e“7< — 2myo + """ A\gv1v9 + )\61]% + )\7'0%) + 7}1@2)\;)

1 1 3 *
Myt s = 3 ()\3'[}% + vg (2)\21)2 + v (6_1’7)\7 + 6”7)\7)>) + m%

Gauge fixing contributions:
1,2,2 1.2
2 _ 19201 192V1V2
m”(&w-) = 1.2 1.2,2
1920102 193U5

This matrix is diagonalized by Z+: '
Z"Wn%l, ztt = mgf‘}fl,

with

+ _ + 7t + _ + 7t
Hi = ZZlej ’ Hy = ZZjQHj
J J

4.2.2 Mass Matrices for Fermions

e Mass matrix for Down-Quarks, Basis: (dp.q4,), (d*R,61>

ma = J5¢ Maus (¢vae] +0a¥]) )
This matrix is diagonalized by U and U%
U maUt = mdia
with

d,*
dria = E UL iDL ja

to

d *
dRjia = E UrijDR ja

t2

e Mass matrix for Up-Quarks, Basis: (urq,), (u’j%ﬁl)
My, = ( —%5(1151 (ei"vlef + vgYuT) )
This matrix is diagonalized by U} and Uy

U,k w, _ _ dia
Uy m U’ =my,
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with
w,*
UL ja = E U siUL ja

UR i = Z Ul%,z‘jUI*%Ja
o Mass matrix for Leptons, Basis: (er), (e})

Me = ( % (e*mleeT + ’UQGZ) )
This matrix is diagonalized by Ui and Ug
Uz’*meUf%’T = mdia
with

€,%
€L,i = E UL7jiEL;j

_ e *
ri =Y UkiEh;
ta

5 Vacuum Expectation Values

1 1
H? = + —v1 +1—
1 \/§¢1 \/§ 1 \/i
1 1 1
HY = vy +1——
2= Rt Bt

6 Tadpole Equations

6l — 18*2“7 (U1 (2622'77 (2 (z\lvf + m%) ()xg + /\4>1)2> + U2< 4 x\s + )\5)>
+ vy (63“7( —2mj, + 30T + vg/\*) + 6“7( — 2my2 + 3\evf + )\71;2)))
o _ 16_2"’ (Ug (262i” (2()\21)% + m%) ()\3 + )\4)01) + 03 ( Mg+ N\ ))

+ vy (63”7( 2miy + 3vINE + v%)\é) + em( — 2m12 + 3A705 + )\le)))
7 Particle content for eigenstates ’EWSB’
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Name Type complex/real Generations Indices

h Scalar real 4 generation, 4

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

A 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

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 * *
I (p?) = +2( = 31MS + Bo(p,m%,m% ) )T5. T, ZZ—|—4(—§rMS—|—BO<p m ) )i e T
—DBo (pZ’ mi, J m%*>rﬁmlmfrﬁj,n1m* — Bo <p2, msﬁ’m%*)rﬁmnjﬁﬁrﬁfml,n*

_Bo(p m%z,mQZ)l"h 7 nzl"h 7 + 4Ty, W W (—%rMSm%V, —&—Ao(m%/vf))

1 2 2
+ QFB,;,B_j,Z,Z( — gtMS8mz + Ao (mZ)) ZAO( ) hishy, HE HE
2 2
#2237 Bo (B i miye )T, g Dot
a=1 b=

3 3
2 2 Lx* R Rx L
*GZmda ZBO(P md 7mdb>mdb (Fh Jda dbrh Jda,dp + T J,da,dbrhl,d db>
a=1 b=1
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3 3

2 2 2 Lx L Rx R
+3 Z Z Go (p 1My mdb) (thvgavdbrhivjaadb + thaga»dbrhi»ga7db)
a=1b=1
3 3

E E 2 2 2 Lx R Rx L
-2 mea BO (p amea ’ meb)meb (Fhwea,ebrﬁi,éa,eb + Filj,éa,ebrhiyéaveb>

3 3
2 Lx L Rx* R
+ Z GO( Me, ’m€b> (Fil_héavebrhiyéa@b + thyéayebrhivéaﬁb)
b=

a=1 1

3
Lx R Rx L
o 6 Z mu“ Z BO (p mua mub) mub (Fﬁj7aa,ubrﬁi7ﬁa,ub + Filj/aa}ubl_‘ilh’aa,ub)

L* L Rx R
+3 Z Z Go (p m" ’m ) (Fh ua,ubl—‘ﬁi,ﬂa,ub F ua,ubl—‘ﬁmﬁa,ub>

a=1b=1
—*ZAo(mh )Fh“hJ,ha,h + 35 ZZBO(p mh ’mhb>r;:3,hu,hbriliahaahb
a=1b=1
+2ZFh i Vhw Fo(p My Ty - )—’_ZFhJ,Zhb hl,Z,thO(Pgamezb’mQZ) (94)

e Self-Energy for Charged Higgs (H™)

1 2 2 2 *
MS+B0(p 0, m3, )) *}I;,W_WFH?’W,WwLZL(f 5rMS+BO(p ,mW_,mZ)) H;r,z,w—rflj,z,wf
—_ BO (p27 1272,m?ﬁ)rg’?’nlmzrgjfm_pm’z Bo (p m%,’mQZ)FHJr nZ m- FHJ_—’nZ,n‘_

1
+A4l - W (f irMSmI%V_ + Ag (m%v )) —+ QFH T ZZ( rMSmQZ + Ag (m%))

2 2 4
- E Ag(m? _ T - - + Bo(p?, m2_ m? * T~
o\"p; )t A g ey E:E: O\P > My My ) g+ gy by B JHa by

a=1 a=1b=1

R Rx L
6 Z mu“ Z BO (p mua mdb>mdb (F deI:Ij,ﬁa,db + FH;,ﬁa,deHj,ﬂa,db)
a=1 b=1

E E L Rx R
+ 3 GO (p mu ’mdb) (FH+7uu deH+ Uq,dp Fg;raaavdbrg;raﬂavdb)

a=1b=1
—2§m§30pmm2mr il + I rk
Va Va’? ""€p €b H+ Do, Hi \Dasep H+ Farer Hi \Da,en
a=1 b=1
3 3
2 2 2 Lx L Rx R
+ ZZGO (p ’mya’meb> (Fvaﬁa»ebrgjﬂjaveb T Fﬁjvpavebrﬁjvﬁaveb)
a=1b=1
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4 2
1 2 2 2
D) ZAO (mha)rﬁ;,ﬁj,ha,ha + ZF*H;',%H; Uprs o my Fo (p ’me_’O)
a=1 =
+z:rH+ZH*FH+ZH*FO<p mH ’mZ)+ZFH+W e H*,WﬂthO(p27mi2zb’m%V*) (95)

e Self-Energy for Down-Quarks (d)

2 3
S 2\ 2 2 Lx* R
24 (") =+ Z Z Bo (p 3 Moy, T )FdJ,H;,ubmude:i,H;,ub
a=1b=1
3
2 2 2 Lx* R
+ Z Z Bo (p » My m}L‘I)Fdwhmdb My Fji;ha7db
a=1b=1
3 3
16 Rx L 1 2 2 Rx L
? Zl ( B erS +Bo (p mdb 0))F¢i¢7g7dbmdbrdlngydb o 4; ( - §IMS +Bo (p » My O))Fdljv"/vdbmdbrdli-,'%db
> 1
2 2 Rx L
_ 42 ( 5 rMS + By (p ,mub,mW_>)Fjww_’%mublﬂjhw_’%
b=1
i 1
Rx L
_ 42 ( 5 rMS + By (p mdb’mZ))Fij,Z,dbmdecZ,Z,db (96)
b=1
1 2 3
Ro2y_ * 2 9 R R
BT = 2 ZZBl (p My M )Fd],H;,ubFJi,H;,ub
a=1b=1
1 4 3
2 2 2 Rx L
2 Z Z B (p » My Mh )F dj,ha,dy duhmdb ZBl (p mdb,O)F d;j.g, de:iﬂ’db
a=1b=1
3
2 2 L* L L L
B Z By (p My 0) Fijv"/vdbrdu’}’ dy Z By (p m“b ! mW )Fd],W*,ude:i,W*,ub
b=1
3
2 2 2 Lx* L
N By (p » My mZ>FjjaZ’deji7Z,db (97)
b=1
1 2 3
L2y _ 1t 2 2 L L
Ei’j (p ) ) Z Z By (p My )ngch;UbFfL‘,HJMb
a=1b=1
1 L+ Rx R
T2 > 2. B (p mdb’mhaﬁdﬁhmdb dishasdy ZBl (p mdb’())F dyogsdn dug s
a=1b=1
3
2 Rx* R Rx* R
- blel (p M, )P d; 7y, dbl—‘d“’y dy ZBl (p My s My - )P J,W*,ubl—‘d:l,W*,ub
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3
2 2 2 \pRs R
*ZBl (p ’mdb’mZ>Fjj,Z,de(Z,z,db (98)
b=1

e Self-Energy for Up-Quarks (u)

2 3
S50 =+ ) Bo (p27m3w )F* ML g,

a=1 b=1
3
305 Bo (v mE ) TE TR
a=1b=1
16 & -
Rx* L Rx L
3 Z ( N 7TMS +Bo (p m’“” O))Fﬁj,g,ubm“brﬁugm —4 Z ( B §IMS +Bo (p m“b’ 0)>Fﬁjmubm“brﬁia%ub
—t b=1
5 1
742 ( 5 MS+BO(p ’m“b’ ))Ff*zubm“brgi,zyub
b=1
2 1
Rx* L
—4)] ( 3™5+ Bo (p Mgy My - ))Fﬁpwwbmdbrm,wwb (99)
b=1
1238
R (2 _ 2 2 R+ R
2P =35 2258 (p MMy 1T )F*J,Ha AR W
a=1b=1
1o 4
2 Rx L
5 Z Z B1 (p ’ITLUb s My, )Fu,,hmub s ha,up g Z By (p mub ’ O) Fuj,g ubrul,g up
a=1b=1 b=1

3
2 L L L L
_ZBl (p ’mqu)Fu;n ubrulmw ZBl (p mub,mz)f‘uj‘)z%ru“z up

b=1
3
2 2 L L
- Bl p 7mdb5mW )Fu7,W+,deﬁ7‘,,W+7db (100)
b=1
1 2 3
L2y _ _* 2 2 Lx L
%i(07) = B Z By (p 2 My > MM )FuJ,Ha i
a=1b=1
1L B Ik _ivp 0)rk  1F
9 1 p mub’mh Uj,ha,up uz1ha7ub 3 1 p mub’ Uj,g,Up— Ui,G,Up
a=1b=1 b=1
3
2 : 2 Rx* R Rx R
By (p ’m“b’ )F%mubru“%ub ZBI (p m“”mz)ruavzubruwz“b
b=1 b=1
3
2 Rx* R
Bl (p Mg, My - )FuJ,Wtdeﬁi,Wtdb (101)

,_.

e Self-Energy for Leptons (¢)
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2 3
S 2\ __ E E 2 2 Lx R
Zi’j (p ) =t Bo (p 7myb’m )FemH;,meV”Féi,HJ,ub

3
Lx* R
g B0<p mebamh )Fe]h ebmebréi,hmeb

+
@M%

1 2 2 Rx* L
— 42 ( — §rMS +Bo(p ,meb,O))l"ewAY M LE e
1 2 2 R+ L
(= 58+ Bo (2 m2, iy ) TR TE Ly,
1 *
( i MS+Bo(p2 meb,mz))rf semeTE 4o (102)
ERE
R 2y _ 2,2 2 R R
Zm‘(P )= ) ZZBl (P ’m”b’mHJ)FeJ,HG WbFé“H;}Vb

4 3
1 2 2 2 Rx*
_QZZBl(p ’meb’mh )FP%hayeb €i,ha,ep ZBl(p meb’()) e ,Ys€b P ’YPb
3

3
§ 2 2 2 Lx L 2 2 2 Lx L

- By (p 2 My, s My - )FEJ7W_7VbPéi7W_7Vb - E :Bl (p 7meb7mZ)FeJ,Z ebPeL7Zeb (103)
b=1 b=1

2 3
1
L2y _ 2 m2 m? Lx L
Et7j(p ) = —5 ZZBl (p mugﬂ )Fe] H;,l/bréin;»Vb

3
1
E § 2 2 2 L 2 : Rx R
o 5 Bl (p ) meb7 mha)réj7haaeb eza as€b Bl (p me’ )FEJ sy ebFe“v €p
3

3
2 2 2 Rx* R 2 2 2 Rx* R
B Z B (p » My mW_>Féj’W7’”bFéi7W77Vb o Z By (p 1 Mey s mZ)FéJHZ)ebFéiyZ,eb (104)
b=1 b=1

e Self-Energy for Z-Boson (Z2)

H(p2) = +|FZ,7]1717* ‘QBOO <p23 mr,27*7m727*) + ‘FZ7173r77]+|QBOO (p27m$7+am%+>

- |FZ,W+,W— \2(10300 (p{m%vﬂm%‘,f) + 24, (m%/v,) — 2rMS(2m12/V, — %pQ) + By (p mW 7mW )(Qmw + 4p )

2 2
3 A0 (2 )Ty gt e =430 3 Uty [PBoo (72, m?, )

=1 a=1b=1

3
ZZ[( Z,da db +|F§,Ja,db|2)H0(p27mza,mfgb)

a=1 b=1

Q

w

+
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+ 4By (pzv m?la s mzb)mdamdb% (FIZJ*da,deg,Ja Jdy )}

3 3
+ Z Z [(|FZ ea,eb|2 + |FZ ea,eb| )HO (pZa mgaamgb>

a=1b=1
+4B (p2 )meameb%(FZe ebrgea,eb)}
3 3
+3ZZ |:( Z,Uq, ub|2 + |FZua ub‘ )H0<p2amiaamzb>
a=1b=1
+4BO p27 )muamub%(ré*ua,ubrgua7ub):|
3 3
+ ZZ [('FZ Uq, ub|2 + |FZ Wa, ub| )HO (pzvmz%aamlzjb)

1
+4B (p2 m3a7mzb>mvamyb§}%<r‘Z Vg, VbFZ ya,ub>:|

1
t3 Z Ao (m%Q)Fz,Z,hQ,ha -2 Z Z T2 1.1y )* Boo (pQ, mj, mib)

a=1 a=1 b=1
2 4
230 e PBo (07 iy ) 30 D Bo (0 mid, ) + 20MSmdy T 7
b=1 b=1
— Ao (m%v,> (4rlz,z,w+,wf +T% g+ w- + F?é,z,wtwf) (105)

e Self-Energy for W-Boson (W)

3 3
I(p*) = 2rMSmyy, Ty WA WH W +3ZZ{(\F€V+,%@|2 T+ ardy| )Ho(p27mia7m3b)

a=1b=1
2 4
+ 4By (p ,mua mflb)mdbmua%(FW+,ua)de§V+7ﬁmdb)} - 42 Z |Fw+7H;,hb|2B00 (pz’ m%b’ m?{;) — Ao (m%’V_) (4F‘1’V
2(L:1 b=1 ,
+ 4By (pz7 m§a7mgb)mebmua§}ﬁ<FW+ 5 ebrﬁvwmeb)} + bzl ‘FW+,7,H; |230 (p2’ 0, mil,j) + bz; |FW+,Z,H; ‘230 (p2, mQZ,

(106)

8.2 Tadpoles
5t21) =+ 4, (mi—)rﬁi,nl,n* + Ag (m%)I‘him;’nJr + Ap (m%z)F;%nfzmz

1 1
ATy gy - ((— 5TMSm - + Ao (m3-)) + 205, 22— STMSm + Ao (m3)) - Z Ao (2, V5 -

o1



3
2 L R
+ 6 Z AO (md"'>mda (Fhi7ga7da + Fhi7gaada)
a=1
3
2 L R
+ 2 Z AO (meﬂ->mea (Fhﬂhétmea + Filméavea)
a=1
4

3
1
+6 Z AO (mia)m“a (Fﬁmﬂa,ua + FhR’i7aa7ua) B 5 Z AO (m’%a)Fﬁuhmha (107)
a=1

a=1

9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

1 .. , , .
56*2"'( — e \gua ZH ZH 2 + S\ ZH 21 21 4 3¢ Ngu 21 21 7]

— eI\ Z ZNZ0 + vaNi Z[ Z[ Z1 — 3e* M NS Z ] Z 1 Z1

— € \gu1 23 Z13 Zih 4+ € N2 23 Z5 21 — vaNs Z B 215 2%

+ M N ZEZB 2 — N0 ZH ZR 2] + e v 2 21 20
+ N ZHZB 20 — M N ZH 2B 28 — die* o Z5 22

— i€ N2 Z}3 Z5 218 — ie®Mop\s ZE ZR 2] — i Nev1 2] 215 713
— e \sva Z ZB 71 — o s ZH ZB 20 — i Mo N5 2] Z 5 21
— i€ N1 Z}3 Z4 215 — i€ Nsva ZI Z0 2] — iva NS Z B Z 15 71
—ie*"M NS ZR ZIZ0 — 2ie* M \sv1 Z]] Z13 73 — 2ie* M Ngo1 Z[] Z 14 7
+ie "\ ZH ZR 20 — i Ao Z Z 21 + i N2 21 20
—ie*Ma N Z 21 Z0 — e Nev1 Z3 Z 1 Zih + € Ns0a 213 211 Z1
— N ZRZNZIh + N ZE Z 21 — e A0 Z] 2 71

in HrH 7 H w«r7H o7 H oy H  3in, yxr7H 7H 7 H
+ e )\7’[)22744 ZjIZkQ + vl)\SZ’i4 Zj1Zk2 e ’U2)\7Z,L4 ZjIZkJQ

44 Hr7H r7H i Hr7H7H Hr7H r7H
el ZHZBZE — 3et\u, 2B 2B 21 — o \iZB 21 21

3in,, k7 H7H o H | in HoHpH _ _3in, yx7H o H o H
+ 3e 7}2)\7Zi3Zj2Zk2+€ )\71)1Zi4ZjQZk2 e vl)\7Zi4Zj2Zk2
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—ie"\v1 23 Z[5 21 — 2ie* M \gva ZI§ ZIZh — 2ie* N0 25 215 2]
i N\sva ZIs ZB 20 + iva NS Z3 Z 21 — i Ng Z B 2[5 7
—ie"" \sv1 Z]] Z3 Zih — e’ "A7ngi4Z 320 — i\ ZH 25 25
— €3 Ns Z[ 25720 — 1" A0  Z3 Z L 21 — ie" Ao Z]5 21 2]

— A Z3 221 — i€ M op NS Z ZH 21 — i o 2] ZTL 73
— 4ie*" M N0 Z]] Z1 2 — i€ N3 2] ZL Z1 — die® T\ o Z15 2 214
— i€ N2 Z}3 Z[ 2 — i€* Mup\s ZI Z]1 21 — i Nev1 2 Z 11 Zih
— i \s02 2]} ZN Zi% — ip NS ZH ZR 2[5 — ie® Mo N 2 21 2]k
—ie" \ev1 Z}3 215 21 —2262”’)\5ng ZR 2l — 2ie* M N\ Z]3 21 7]k
+ie M N\sva ZS ZB 205 + iva NS ZB Z 5 ZIE — i Ng Z B 215 714
— i \s01 Z[{ Z 5 7% — iei")qngMZZZkg NS ZH 215 7%
— ie¥MNs Z 21 78 — 3eM Nov2 Z3 ZI5 Z1% + 3e* Mo NS Z 3 Z 15 Z1%
+ N1 ZH ZR 2[5 + e Nsva ZH ZB 2[5 — v NS 2] 2157
— M NZEZR 20 + e N1 Z5 212 + €M Ns02 25 Z 15 7%
— N ZJZLZIE — N ZB 2 21, — e A0 2] 211 Z 1%
— "M\ 7} Z 178 vouaiziiz Zk3+e3”7v2/\* Z 171
—z’e"’)\leZigZ1Zk4—ze4”’)\5v22 ZH 20 — v \iZ3 Z 1 7
— ie¥M N ZR 2N 20, — 2ie* M \g01 Z]] Z1 Z, — 2ie* M N1 Z]{ Z1 7},
+ie" N1 ZH Z]1 Z0h — i \ua Z] ZR Z0 + i N ZH 2 2]
— €3N ZH 2R Z8, — ie* A0 ZB 2 21 — ie" \va 23 215 78,
— i N ZB 220 — ie® Mo N ZE 2B 20 —ie" o 2] 25 71
— 4ie* M N0y 2] Z1 78 — ie*Mu s Z] Z5 Z1 + e Agui ZB Z 1L 2]
+ e N2 ZE ZR 2] — 0N ZB 2R 20 — ¥ o N Z A 217,
- 64”’)\51}1Zi4Z 178 — e\ 7] ZJ-?)Z,~C4 +un iz 7! Zk4
+ Mo ZH 220 — e\ ZE 2] 2] - ”umz ZHZi
+ VN ZE Z0 28 + €M N Z I 25 Ziy + 3¢ Mo Z] 211 2,
=33 N Z I 21 2,
+ 28— e ZBZ[ + M50, 2B 20 — Xy 271
+ M N ZRZE — eI Z Z08 4 € A ZIZ0 + NS Z 21
—e?’i"w)\;Z» ZE et g0, Z »ZkQ 3e"M vy Z 3Zk2

— N ZRZE 4+ 3¢ ZH 20 + e Ao Z[1 2]

— 3y \EZ Z —ie"\gu1 ZH ZH — 2ie*M \qvy 2 7 H
725155 6V14j34k3 3V2453 413
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— 21 \gva ZE 21 + i€ M As02 Z I Z1h + iva s Z13 2%
— ey \E j3Zk3 — et \s0, Z -4Zk3 — i \qvo Z -4Zk3
— i A Z 2l — ie* Mo N Z L Zh — ie* I A5 Z13 2

— i \pva Z 3Zk4 AL Z 3Zk4 - 1631771)2)\7 azh

— i€\ Z] 2 — 4ie* M Ny 2L Z1 — 2631771)1)\72 171

+ Zg( — i<2e2i’7)\3v1 + 2e%M N\ 01 + 363””02)\; + 3e"\qvg + e A50; + vl)\g) Z,ﬁ

— 3ie™ (46“7/\2112 + 2 My N5 + /\7111) Z,g + e4i")\5le,g — 36“7/\7112Z;%

x 7 H 34 x r7H 2 H 31 * rz H
N ZEL 4 3e3mpp\EZH 4 iy ZH e %1)\7Zk4)

+ Zﬁ( — i(262“7)\3v2 + 262\ vy + 363”’1)1)\2 + 36" \gv1 + €M A5v0 + ’UQ)\;) Z,ﬁ

- i(?ezi")\gvl + 2e%M N\ qvq + 363i771}2>\; + 3e" A7y + e A501 + vl)\g) Z,f;

— " \ev1 Zi + €M As02 205 — vaMi 25 + €M NG Z %

— 84’“7/\51}1Z,££ + ei"/\ﬂ/ngz1 + vl)\gZ,ﬁ — eSi"vg)\$Z,ﬁ)>

+ ZH (= A0 ZB 2 + 0N ZBZE + 3¢ a1 2B 28
— eI\ Z ZI + 02 NS Z I Z — 3e¥ Mo NS Z L Z1

—e€ 77)\6’01 SZk2 + 64“7)\51)2 BZk2 ’1}2)\; : Zk2

+ 63“71)1/\6 _zH — 64"7)\51)1 BZH + 6“7)\71)2Z]4Zk2 + 1A Z;
- 63“71}2)\7 Bzl — 4ie* ”)\1111 3Zk3 — i€ \gva Z 3Zk3

— 7,63“71}2/\6 st — ze’"/\6v1ZJ4Zk3 — 264“7)\51)2ZJ4Z,€3

— 10N 2[4 21 — ie¥ M Ng ZI Zih — i Aev1 Z15 2104

— et \5007 3Zk4 iv2)\5Zj3Zk4 — i3y \g j3Zk4

— 2ie” \qu1 Z[3 Z1 — 2ie* M A\g01 Z]3 Zy + i 01 Z]1 2,
- 2'@"’7/\71)2Z;ZZ,&T1 +in A Z 4Zk4 - 16‘3“71)2)\7 azh

+ Zﬁ( — 3ie™ (46”’)\11)1 + 62”’112)\2 + )\sz) Zkl

Zk2

- ¢(2e2"u3v2 + 2627\ 4ug + 33Muy \; + 3 Aguy + €4 \gvy + m;) zi

- ei”)\ﬁng,g + e3i"v2)\2Z,g + 3€in/\61}1Zﬁ — 641'7])\51}22151 + UQA;Z&

— 33y A Zﬁ)

+ Zg( — i(262“7)\3v2 + 262\ vy + 363”’1)1)\2 + 36" \gv1 + €M A5v0 + vg)\g) Z,ﬁ

— i(?ezi")\gm + 2e%2M N\ qvq + 3€3i771}2>\; + 3e" A7 + e A501 + vl)\g) Z,g

] H 41 H H 31 H
— 6“7)\61)12]@3 +e ”’)\5’1)2Zk3 — U2>\§Zk3 +e ZnUl)\ngg
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= G Zf + s 2l + u N2 - @i ZE) )

(108)

725 (= 0zl + 0o z8) (23 = 38) 2y + € (273 = 26) 215

26" \rvg + €2 A\ gv1 + vl)\§> Z,jQ + e (26“7)\3112 + 62“71)1)\3 + )\61)1) Z,jl)
2e"\guy + €2 \yvo + vg)\g) Z,;; + et (46“7)\11)1 + 62”71)2)\; + )\61)2) Z,:i))
+eMnz (( —wnZi+ ngg> ( — ( — e\ 4 /\7) Z + e (62”’)\5 — /\4> Z,jl)
4e™M \qvy + €2y s+ )\7v1> Z,jQ + e (26“702)\’; + e Nsvq + )\41)1) Z,jl)

— iZg ((26"’/\31)1 + 62“71)2)\; + /\7v2) Z,:'Q + e (26“71)1)\2 + %M \gvg + )\41)2) Z,:i)))

(109)

9.2 Two Scalar-One Vector Boson-Interaction

1 . . .
— §<glsm®w +92COS®W)<* ZngHg fZgZﬁ +ZgZﬁ+ZﬁZﬁ)(fpﬁi +pzl)

(110)
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hi —===—=-- .
\\
\
"y
1 * ; * . H:- )
so(Zn (—izll + 28) + 23y (- izl + 28) ) (~ v +9l) (111)
Wi
hi —====—--
\
\\
+
Hj
1 cr7H 7+ -7 H HY\ 7+ H ot Hf h
592 (ZZiIZjl + (ZZiQ + Zi4)Zj2 + 233 Zj1> ( —DPu +pul) (112)
Vi
i *.J(H
\
\\
+
Hj
) * * Jipa -
%(gl cos Oy +ggsin9w) (Zf1 Zﬁ+ZZ,+2’ Zfz)(‘?u] +pfl) (113)
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K2

R
\

\

+
Hj

} . . « HF -
5( — g1 8in Oy + go cos @W) (Z;'{ Z;rl + Z;g’ ng) ( —pu’ +pf‘ ) (114)
9.3 One Scalar-Two Vector Boson-Interaction
i
hy ==mmm-
W+
—9g5 (UlZﬁ[ + wz{;) (g(w) (115)
Zy,
hi ====-—-
Zs
i . 2 H H
3 (91 sin O + gs cos @W) <v1 zZi + UQZiQ) (g(m> (116)
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Tp

H ---»—-

Wy

%gng (le;{’* + ngiJg’*> cos Ow (g(w> (117)
Zy
H= ---—-
Wi
— %glgg (Ulzji’* + fugZi';’*) sin Oy (ggu) (118)
w,
Hf --<-
Yo
z9192 cos Oy (’Ul Zh+ ngfz) (g,m) (119)

2
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Hf --<=-
W,
— %glgg sin Oy, (leji + UQZZ-‘E) (gw) (120)
9.4 Two Fermion-One Vector Boson-Interaction
Ivp
Jia
djp
s ( -1_75) (121)
293 i\, B Tu 9
? 1+
+ —5935@1,{3 (m g 5) (122)
T
Jia
djp
i ) 1—75
— Eéaﬂ(sij < — 3¢9 sin O + g1 cos @W) <7M g ) (123)
7 14+
+ ggl COS @Wdaﬂéij (’}/ﬂ . i) (124)




Z;Uf
die —<
djg

. 1
%6a56ij <392 cos Oy + g1 sin G)W) (W . 27 ) (125)
7 . 1+
+ *5915aﬁ5z‘j sin Oy (’m Ty 75) (126)
Wl
djs
1 3 1—~
—i—g20ap Y U U, ( : 5) 127
7’\/592 az::l L,ja~ L,ia T 9 ( )
Vi
: —<
€j
‘ : 1=
55@‘ (gl cos O + g2 sin @W> (’yﬂ g ) (128)
1
+ g1 cos Oy dy; ('Yu . —;%) (129)
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€j

. .
%&-j ( — g1 8in O + g2 cos 9W> (% . 27 ) (130)
1475
+ —ig1disin Ow (7, - 27 ) (131)
Wi
Ui
€j
1 e,* 1- V5
- ZEQQUL,ji@iﬁ (’yu : D) ) (132)
v
Ui
ujip
L b7 L% 133
- e (e ) (133)
7 1495
+ —59351]‘/\2,5 (Vu T ) (134)
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Vi

aia
Ujp
: ; L—7s
— 6(504,3(51']' (392 sin O + g1 cos ew> (’yu . 5 ) (135)
21 1
+ fggl cos Oy 0,30;; (fyu . —;%> (136)
Wy
J’ia
Ujp
1 5 1—~
R 5()4 U,k d ) ( L 5) 1
g \/592 B (; UL,]aUL,uL Vi 9 ( 37)
Zy
ﬁia
Ujp
i . 11—
- 6(5@55”- (392 cos O — ¢ sin @W) (’yﬂ '~ ) (138)
21 . T+7s
+ 5915aﬁ5i‘7‘ sin ©Ow (% g ) (139)
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. 1 e 1__75
—259293',3[]1:,@(%' 9 ) (140)

Zy
U;
Vj
i ) 1—5
- 551-]- (91 sin Oy + g9 cos @W) (7# . T) (141)
9.5 Two Fermion-One Scalar Boson-Interaction
I
/
/
/
/
B /
dux 4
djp
1 ) ‘ 3 3 3 3 1 —
— it g (em Suin S Ug;aed,ab( —iZH 4 Z,g) +> vy Ug’;aYd_ﬂb( — izl + Z,ﬁ)) (75)
b=1 a=1 b=1 a=1

(142)
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3 3
+ ﬁ‘saﬁ (6 ! E E Yd,abUé,jaUg,ib( — 25+ Zlg) + E E Ed,abU}%,jaUg,ib< —iZi5 + Zli)) ( 5 ) (143)

b=1a=1 b=1a=1

H

ﬁia
djp
3 3 3 3 1
. 7 d,* w,* d,* U,k — )5
—ibap (" Y UL S UtacumZiy + 2 UL Y Ukt Yaw 2 ) (—52) (144)
b=1 a=1 b=1 a=1
3 3 3 3 144
. i * w * A u 5

+ —ibap (e ! Z Z Yd7abU1%7jaUL,in;1 + Z Z €d,abU1%,jaUL,inI:_2) ( 9 ) (145)

b=1a=1 b=1a=1

Iy

/
/
/
/
/
- /
€
€j
1 3 3 3 3 1~
E.e—“?( — i€ S UP S Uacear( — 28+ Z0) + D UL Y Uit Yeuw ( — 128 - 21%)) (Tf’) (146)
b=1 a=1 b=1 a=1
1 3 3 3 3 144
7 * e e - * e e . 5
+ VG (6 ! Z Z Ye,abUR,jaUL,ib< —iZih + Zlg) + Z Z ee,abUR,jaUL,ib< —iZf5 + Z,ﬁ)) (T) (147)
b=1a=1 b=1a=1
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¢
(148)
3 3 14+ 5
. 7 * e + * e + 5
+ =1 (e " ; Ye,az'UR,jaZkl + ; ee,aiUR,jaZ]Q) ( 9 ) (149)
hy,
/
/
/
/
/
_ /
Ui
ujs
1 ) 3 3 3 3 1_ 5
i3t (> Y Ustecaa (128 + 20) + Y UL S Upi Yo (285 + 218) ) (—522) (150)
b=1 a=1 b=1 a=1

3 3 3 3

1 —1 7 * u u - * u U - 1 + V5
+ ﬁe "0ap (e " ZZ Y aUr,jaUL b (Zzlg + Z}ﬁ;) + Z qu,abUR,jaUL,ib (ZZIﬁ + Zlg)) ( 2 ) (151)

b=1a=1 b=1a=1

Hk
/
/

/

7 /

ujp
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—ibap (72" Z UL, Z * Yaan + 235" Z UL, Z Ustacaan) ( 275) (152)
b= b=

3 3 3
; —1 V¥ * u % * ” 1+ Y5
+ _26006 (6 nZIj_l Z Z eu,abUR,jaUg,ib + Z]:_2 Z Yu,abUR,jaUg,ib) ( 2 ) (153)
b=1a=1 b=1a=1
Hy
/
//
- /
€
Vj
3
i * e,x* * e,% 1-— 5
< 77Z+ Z UR zaYe aj + Zl_cg Z URy,iaeevaj> ( 2 ) (154)
a=1
9.6 Three Vector Boson-Interaction
Gy
Gap
980
93fa.By (gpu ( —pyr+ pﬁ””) 9po ( poer + pq‘“’) + Gou ( 07+ p )) (155)
W
Wy
Yo
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L. W W W W
zgzsm@w<gw(—pa“ +po” ) +gpa( —pu’ +p;) +gm(—p3" +pp " )) (156)

Z#
+
Wp
Wy
; z wr Wy wy wWo | Z
— 192 cos Ow (gpu(_pg“ + Do ) +gpo<_p,u + Pu ) +gau(_pp +pp“>) (157)
9.7 Four Scalar-Interaction
hy hy
\ 7/
\ 7/
N 7/
\ /7
\ 7/
\N 7/
/7 \
7/ N
/7 \
7/ \
7/ \

hs h;

1 .
S <3e”7)\62HZHZk1Z“ —3ebinnezH 71z 711

— N ZBZBZHZIT + XN 2 25 21 7]

— eI\ ZHZEZR 2] + N2 215 28 ZfT — die*\zZE 22 2]
—ie" N ZHZBZA Z]] — i N Z] 2B 28 Z]T

- iem/\csZgZﬁZmZu —1 BMAEZgZﬁZmZu

—2ie* N\ ZH Z[ 2 2] — 21\ 2] 21 20 Z]T
+viet\ZH 2B 2B 2 v insZH 2Bz 2l — ez ZzB Z B 2]
+ N ZRZNZB Il — e N ZH ZR 2 2] + M2 2 Zih 2]
+ €4in/\SZngZk2Zg )\5ZngZk2Zl1 + em)‘7ZHZHZkQle

— N ZHZE 2 2] — e N Z 3 Z 5 25 2

- 3inyx r7H r7H 4in Hr7H Nxxr7Hr7Hr7H 7H
— e )‘GZi3Zj3Zk2Zl1 —te >‘5Zi4Zj3ZkQle _Z/\5Zi4Zj3ZkQle

67



—ie" N ZB 202521 — iNZB 21 252 — ie N 2] 2] Z (5 21T
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— e"INZB ZNZ 23 + N Z R ZN Z3 21y
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+ 3N ZR Z S i 2y 7226%%2 ZRz8 78
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— 3ie" \e Z}s Z 13 Z (L 23 — 3@@3”’/\6Z VAV AN
— 2ie*\s Z[{ 2 204 215 — 2ie* "\ 2] 2[5 218 2
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+ N ZL 22 — i€ N 232 Z1 — ie* N Z 20 Zi]

— 2ie* Ny ZRZE ZI — 21>\ ZBZE ZI + ie* N ZB 28 Z 1]
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—ie*M\NZH 22, — i ZHZ 2 — ie* M\ 2 205 7
—iINZRZNZ) — 2ie" N Z] 211 7}

+ 2 (- 2ie 2 (N2 + M)

+ 28 (412 = 35) Zi5 + ¢ (225 = X6 21}

=iz ((4n+ 23) 75 + € (213 + 26) 717 ) )

+ 20 (- 2ie 2zl (260 2 + A2

—zH ((e%m — Xg) 73 + e (e%’ug — )\6) Zf{)
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/7 \
// \\
/ \
Hy H;
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9.8 Two Scalar-Two Vector Boson-Interaction

)
s (22l + 28zl + 282+ 25 2] ) (9 (161)

2
(9150w + g2 cosOw ) (2525 + 2825+ 2828 + 2713 (90 ) (162)

N | .

+
T Wu

%glgg cos Oy (Z;rl* (ng + fo) + ij’* (iZﬁ + Zg)) (g,“,) (163)
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/ \
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1 wf . sl .
59192 sin Oy (Zj"'l’ ( —izH + Z{j{) + Zj';’ ( —iZE + Zﬁ)) (gm,) (164)
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N
/
/// \\
V; \
+
hi H;
1
sog2cos Ow (121125 + (128 + 211) 2y + 25 251 (9 (165)
Z, W
N
/
RN
/ A
+
hi H;
— sopsinOw (—izfzf + (—izll + 28) 25, + 21 25) (9 (166)
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Tv T

] 2
% (91 cos O + go sin @W) (Zj*Zf1 + ZE*ZJE) <9W> (167)

- i( — 29192 cos 20y + ( - g5+ gf) sin 2@W> (Z:;*Z;E + Z;;*Z;;> (QW) (168)

W, Wit

592 (Zjlv Zh + 2}y Z;‘Q) (glw> (169)
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/ \\
H- Hj
i : S T
S(—grsinOw +gscosow ) (2577 + 257 25) (9v) (170)
9.9 Four Vector Boson-Interaction
gsv Gyp
Gap 980
8 8
- ig?% ( Z fa,é,af,@,'y,a + Z fa,'y,afb’,é,a) (gpagm/) (171)
a=1 a=1
8
+ Zgg( - Z fa,ﬂ,af'y,é,a + Z fa,é,afﬂ,'y,a) (gpugaz/) (172)
a=1 a=1
8 8
+ igg ( Z fa,'y,afﬁ,é,a + Z foz,ﬁ,af'y,é,a) (gpugau) (173)
a=1 a=1
W, T
W:‘ Yo
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ig% sin @%,V (gpggu,,)

(174)

+ igs sin Of (gpugal/) (175)
+ —2ig3 sin ©F, (gp,,g(w) (176)
Z, Wi
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iga cos Oy sin Oy (gpggw) (177)
+ _igg sin 2@W (gp,ugm/> (178)
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2ig; (gpggﬂu) (180)
+ —igh (gwggu) (181)
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- 2’L'g§ COs 6%/V (gpng/w) (183)
+ ig% COs @%/V (gp;AQUU> (184)
+ ig3 cos O, (gpugw) (185)
9.10 Two Ghosts-One Vector Boson-Interaction
Gy
ng -
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G
gsfos0 (P ) (186)
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,,71 .- -
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igo sin Oy (pzw) (187)
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igo sin Oy (pzf) (191)
Wi
g7 - C
3
n-
: < u
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3
nt
igo sin Oy (pZJr) (193)
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Zy
'rlq‘ . 4. . .
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g2 cos@w(pu )
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igo cOs Oy (pZZ) (197)
W,
777"" . 4. .
nZ
— 1g cOs O (pzz) (198)
9.11 Two Ghosts-One Scalar-Interaction
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Hy,
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10

Clebsch-Gordan Coefficients
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