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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)
30T (e V) 4+ 33 Tr (V) + 30T (Vael ) + 30T (Yael ) + 335 T (Yae] )
YdYT) 4 AgTr (Yeei) n )\4Tr<Yeel> £ AsTr (mi) n A7Tr<YeYj)

+6MTr(Y,

+ 3/\7TI‘( d
( ueL) + 9\, Tr (YUYJ) — 3Tr (edegedeT) —6Tr (ededeed) — 3Tr (edYTeded)

—Tr (eeeleeYeT) — 2Tr(eeelYeeZ) - Tr(eeYJeeel) —6Tr (euYJYuYJ>

. 3Tr(YuJ YuYT) ~3Tr (YuYJ YueL) (14)
3 45 36 , 5
20 )\6 + 29192)\6 + )\6 + E )\3)\6 + 3692)\3)\6 — 36)\1/\3)\6 — 36)\2)\3)\6
24

— 36M3\g + 59 e + 18g§A4A6 — 28 M1 A hg — 28 A2 Au N6 — 56A3 AN — 34AT N6

6 1683
- *g%/\5)\6 = 20A1 2506 — 20A2A506 — 40A3A506 — 444 A506 — 42/\§AG N 42)\6 200 4/\7

87 141 108 18
+ 209192)\7 )\7 + 6)\2)\7 + — 5 /\2/\7 + 1089 Aoy — 318)\2>\7 + gf)\3/\7

+ 189%)\3)\7 - 36)\1)\3)\7 — 132X 9 A3 7 — 32/\:23)\7 + 695/\4)\7 + 369%)\4)\7 — 28/\1)\4)\7
— 140X Mg A7 — 68A3 M4 A7 — 34M3 N7 + 12g7 A5 A7 + 5492 A5 A7 — 20A1 A5 A7 — 148\ A5 )7
— T2X3M5 07 — T6A4 57 — 36A2N\; — 33027 — 1260602 — 111A3
3
+3 (16(1093 — 2425 = 83g — 4\ = 535 ) + 4593 + 59 ) A Tr (cac)

3
+ 10 (391 + 189193

~5 (393 + 8(10>\2>\5 F1206A7 + 1222 4 30304 + 3Aas + A hs + 6Aads + 8Aahs + A2 + Ai)))Tr (edyj )

- %fg%MTr(eeei) gngm(ee ) _ 48)\2)\7Tr(e € ) _ 6)\3)\7Tr(ee )

- 8)\4)\7Tr(e ¢ ) - 10)\5)\7Tr(ee ) - gg‘fTr(eeYeT) + gg 7 ggﬂ(eew)
- %ggTr(eeY ) - 6/\2/\3Tr(eeYT) - AgTr(eeyg) - 8/\2/\4Tr(eeYJ)

- 3/\3/\4Tr(ee ) /\4Tr(eeYT) - 10A2A5Tr(e€YT) - 4)\3)\5Tr<eeY )

- 3)\4)\5Tr(eeYj) —1206M\ Tt (eeYeT) - 12/\2TT(66YT) - 36)\3)\6Tr(eueT)

724)\4)\6Tr<eu >712)\5)\6Tr(eu ) lglA7Tr(eu ) —592)\7Tr(6u )

12



n 2093)\7Tr(eu ) - 18)\3)\7Tr(eu ) — UM AT (eu ) - 30)\5)\7Tr(eu )

171 63 9
%ngrGuYT) + %glggTr(euYT) gggTr<euYT) — 18)\2)\3Tr(euYJ>

— 3/\3Tr<euYJ ) — 24N AT (euYJ ) - 9)\3)\4Tr(euYJ ) — 3A§Tr(euyj )
— 300\ Tr (euYuT> - 12A3A5Tr(euYJ) - 9)\4)\5Tr(euYuT) - 36)\6/\7Tr(euYJ)

9 27 9
—36)\$Tr(euYJ> 07 Tr(Yded) 2091g2Tr(Yded) §g2Tr<Yded)

— 1802 Tr (Yaeh ) — 3N (Yaeh ) — 24020 Tr (Yaeh ) — 92\ T (Yac))

- 3)\ZTr(Yde:;> - 30/\2A5Tr(Ydej;) - 12A3A5Tr(Ydej;) - 9)\4>\5Tr(YdeIl>

— 36A6A7Tr (Yael ) — 3602 (Yaeh ) = 36Aa2s Tr (Ya¥] ) — 2000 T (YaY])

— 122606 Te (YaY] ) + gg%A7Tr (vavy) + 4—859§A7Tr(ydyj ) +20g3A T (YaY)

— 18T (YaY] ) — 2000 T (Yav] ) = 803 AT (Vav] ) - gngr(Ye )
n ZiglggTr(Ye ) gngr(Ye ) _ 6)\2)\3Tr(YeeZ) _ AgTr(Yeeg)

- 8A2A4Tr(yeeg) - 3A3A4Tr(yeeg) ATy (Yeeg) - 10)\2)\5T&“(Y66T>

- 4A3A5I&~(Yeeg) - 3A4A5Tr(yeeg) - 12A6A7I&~(Yeeg) — 12\2Tx ( )

- 12)\3)\6Tr(YeYT) - 8/\4)\6Tr(YeYT) - 4A5A6Tr(yeyf) fngr( )
—5g2)\7Tr (Y v ) — 6Ag A Tr (Y v ) — 8\, Tr (Y vi ) — 10X A, Tr (Y Y )

171 63 9
— mg%Tr(Yueu) %gngTr(Y € ) - ggQTr(Y € ) - 18)\2)\3Tr(Yueu>

- 3)\§Tr(YueTu) — 242\ Tr (YueL) — 9As ATt (Yuez) — 3A2Ty (Yuez)

— 30Ap\5Tr (YUEL) - 12)\3)\5Tr(YueL) - 9>\4>\5Tr(YueL> — 36A6 AT (YueL)
51 N, 135
FOMT(VY) + el
— 1440\, T (Yuyj) — 1823\, Tr (YuYJ) _ 24A4A7Tr(yuyj) — 30As A, T (YuYJ)

2
— %MTr (EdGLGdGL) + gngr <6d€L€dYJ) — 16g§Tr (edezedY;>

— 36A2T (Ve ) + AT (YY) + 60g3A7Tr (YY)

4
+ 6/\2Tr(ed626dYT) + 3)\3”_[‘1"(6(1626013/;) + 3)\4Tr(edezedeT) + gg%Tr (edeLYdeL)
— 329§Tr (ededeed) + 12A2ﬂ(ededeed) + 6A3Tr (ededeed) + 64 Tr (ededeed)

— 67 Tr (ededeYT) —21);Tr (edeleueg) — 6XA3Tr (edelequT)

13



— 12X, Tr (edeLYueg) — 624Tr (edeLYueL) — 6X5Tr (EdELYuGL)

2
— 12T (cach VY] ) + 12200 Tr (eacl v ]) + ~giTr (eaveach)

— 1693Tr (€aV each) + 6haTr(eavfeaeh) + 3AsTr (e feae])

30T (eaV each) + 6ATr (eaVfea] ) + 3AeTr (eaV Yaeh ) + 64T (ea¥fYav )

— 12X,Tr (edYJeuez) — 64 Tr (edYJeueil) — 6X5Tr (edYJeue;)

— 120 T (eaVe Y] ) ~ ?Am(edyjne;) — 120 Tr (e YaY])

- 6A4n(edYJYqu ) - 6A5n(edyjyuyj ) - %)qTf(EEGZESGZ)

- gg%T‘r(eeeleng) + 2)\2’IY(666166YJ) + AgTr(eeeleeYeT)

+ )\4Tr(eeeleeYeT) — %g%’I‘r(eeezYeel) + 4)\2Tr(eeelYeel) + 2)\3Tr(eeelYeel)

+ 2/\4Tr(eeelYeel> — 2)\7Tr<eeelYeYeT) - gg%'ﬁ(eeYJeeel)

+ 20T (Vi eeel ) + AgTr(ecVecel ) + MTr(eVecel) + 22T (e Ve V)

+ Am(eeYJYeeg) + 2)\5Tr(eeYeTY;Yj) - 6A3ﬂ(eueLYdeL)

- 12)\6Tr(eue$YdYJ ) + 12A7Tr(eueLYdYJ ) - %Am (eueieuez)

+ 3)\5Tr<eueT euYT) + 6)\5Tr(eueLYueTu) - 6)\7Tr(eueLYuYJ)

n /\7Tr(euY Vael ) = 63Tr (e Yav]) + 325 Tr (e V] euel,)

+ 6/\6Tr(euY Y] ) + 3A7Tr(euyj YueL) — g ngr(euYJ Y,V ) — 3242Th (euYJ Y, Y} )
+ 12A2Tr(euYJYuYT ) + 6A3Tr(euyquYJ ) + 60Ty (euyquYJ ) + 66T (YdeLYdeL)
+ 30T (YaehYav ] ) = 1220 Tr (Yae] Vael ) — 60T (Yael V.Y

+ 3T (VoY [Yael ) - —)qTr(YdY Yav{) = 1220 (Yav Vac))

— 60T (YaY, Vaeh ) = 63T (Yav Vaeh ) — 2007 (vav; v v )

v QAGTr(YeELYCee) n )\5Tr(YeeZYeYj> n A5Tr(YeYJYeeg) - g)wTr(YeYteYj)
1
+ 6 r(YuequueL) - 5g$Tr(YueLYuYJ ) - 169§Tr(YueLYuYJ )

+ 6T (Ve Y, v ) + 3)\3T&r(YueLYuYJ ) + 3)\4Tr(YueLYuYJ>

14



- %gl (Y YiYe ) 1662 (YUYJYueL) + 6A2Tr(YuYJYueL)

+ 3A3Tr(YquYueL) + 30Tt (YuYJ YueL) - %)WTr (YuYJ Y,V ) 46T (ede;edegedyj )
+ 21T (cacheacl Yaeh ) + 3T (cacheacl Vueh ) + 127 (cachea¥each) + 6T (cacheavivary)
+ 3T (eqcheaYfeuel ) + 9Tr(eqel Vaeheael ) + 12T (eachvaelvav))

—3Tr (ededee eued) + 3Tr (ededeYTedYT) + 9Tr (ededeYTYded)

(ededeYTY €d> + 3Tr (ede euededYT) + 3Tr<ede euedeed)

—3Tr (ede euYTeded) + 6Tr (ede €Y, euej;) —6Tr (ede}:euYJYuYJ>

—3Tr (ede Y, ededed) + 6Tr (EdGTY € eued> — 6Tr(edeTY eLYuYT)

- 6ﬂ(edeLYuY*edYT) 6Ty (edeLYqu Ydejl) 3Ty (edeLYuYJYueg)

+ 12Tr (edYTedededed) + 9Tr (edYTededeYT> + 3Tr (edeedeYdeL)
+ 3T (eaVeaV Vel ) + 6T (e Yachear] ) + 9T (eaV Yael Vae!)
+ 3T (ea¥] Ya¥feacl) = 6 0

T (ea¥] YV eueh) + 6T (caV ] vav,vaY])

(

—3Tr <edY euededed) — 3Tr(edYTeuYTY ed) (edYJYueLedYJ)

= 3T (e[ VuelYaeh ) = 3Tr (eaV Vel Vel ) = 3T (e[ VoY feae])

= 3T (eaV Vo Vfeuel ) + 2T (coclecelec V) + TTr(eoefecel Vel ) + 4T (ecelecVecel )

+ 2Tr(ee te vy, v +3Tr(ee V.elee ) +4Tr<ee tY,el YYT) +Tr(ee ty, YTEGYT)

+ 3Tr(eeeZYeYeTYeeZ) + 4Tr<eeYTeee €c€ ) + 3T1r<eeYTee 1y, YT)

+ T&«(eeyjeeygyeeg) + 2Tt (eeYteeleeYj) 43T (eeygyeelyeeg)

+Tr (eeyj Y.vi eeei) 6Ty (euejleELYdYJ ) - 6Tr(euej1YdYJ e Y )

—6Tr (euedeYTY € ) +3Tr (eueleuYJYuYJ> + 12Ty (eueLYueLYuYJ)

49T (eu Y, Y Ve ) - 3Tr(equYdYJYqu) +12Tr (EUYJGUELYUYJ)

+ 6Tr(e Yie v YueL) 43T (euYJ Yoehe Vi ) 49T (euYJ YueLYueL)

+ 3Tr(e Yy, YTYdYT) i 6Tr(euYTY VAL ) + 30Tr(euY’fY vy, YT)

4 3Tr (Yde Y Yiv,Y) ) — 3Tr (YdeLYqu Y, v] ) 43Ty (Ydyj Vel v,vi )
(

Y Y1Y,Y Yded> + 12Tr(Y Y, YTy, YT) + 12Tr(YuYJYueLYuYJ)

15



+ 6Tr(Y v YUYJYMEL)
(1) 27 9 9 4 2 2 2 2
B)\ +Tw91 + 270‘9192 + 892 91/\1 992A1 + 24A + 2)\ + 2A?)A4 + >\4 + A + 12A6

+ 6/\6Tr(edYT) + 2)\6Tr(e(,YT ) + 12)\1Tr(eu ) + 12/\1Tr(YdY ) +4A1Tr(YeYJ )

+ 6T (Y el ) 6Tt (eueT euel ) 6Tt (YdYTYdYT) Ty (YEYJYEYJ)

@ _ B o AT 4o 303, g 2910 1953 4 N7 51 g, 4 108
AN = ~2000% ~ 100 9192 T 30 9 T69 T 390 91 T 5 9193A — 1t
9 15 , 9
4 108g2)\% — 312)\3 + l—oglAg + EgQAg + Egl)\g +12g3)2 — 20\ \3 — 8>\3 309 gl

3 15 12
+ 59%994 + Zg;*A4 + ggfxm + 1292 X304 — 200 Ashy — 12020, + 591)\4

3
+ 39202 — 120102 — 16A302 — 6)3 — gg%)\g — 14X A2 — 200302 — 220402

554 GINE +54G302 — 318 M A2 — 6632 — TOMA2 — T4AsA2 — 36A3M6 A7 — 28X4 A6 A7
— 205 A6 A7 4+ 6A N — 18\3)02 — 14042 — 10A5)2

- 6(2A§ F20ahs + 6AZ + A2+ Ag)Tr(edeL) - 6(12)\1 20+ 3As + A5)A6Tr(edyj )
— 4/\3Tr(eg ) — 4/\3/\4Tr(ep ) 2/\2Tr(ep ) — 2/\2Tr<ee )

_ 12)\2Tr(ee ) _ 24A1A6ﬂ(eew) _ 6A3A6Tr(eeyf) _ 4/\4/\6Tr(eeYT)

—2)\5)\6Tr(eeYT) 1(7)0 Tr(eu ) ?39192Tr(eu )—gggTr(eue}l)

17 45
—gl)\lTr<eu ) + 593N Tr(eu ) + 8092\ Tr(eu ) 144)\2Tr(eu )
- 36)\2Tr(eu ) . 72A1A6n(euyf) — 18A3\Tr (euYuT> - 12)\4)\6T‘r(euYJ)
- 6>\5)\6Tr(euYJ ) — 720 A Tr (YdeD - 18A3A6Tr(yde;) - 12>\4)\6Tr(YdeL)
9 27
— 6/\5/\6T1"(Yd6;) + 2709411 10
4
n gnglTr(Yde ) n gggxm (Yde ) n 809§A1Tr(YdeT ) _ 144A§Tr(YdeT )

Tr (YdeT ) L2y (YdYT) % gQTr(YdYT)

- 36A§Tr(Yde ) - 24A1A6Tr<yeei) - 6A3/\6Tr(yeei) — AN Tr (Yeei)
33
10

+ —gl)\lTr<Y YT) —gQ)\lTr (Y Y] ) — ASA2TY (YYT) —12)2Tk (YYT)

- 2)\5)\6Tr(YeeT) - %gfq‘r(YeYT) + 2222 Ty (Y YT) iggﬂ(yeyg)

- 72)\1)\6Tr<Yueu> - 18>\3>\6Tr(Yueu) - 12/\4/\6Tr(YueL) - 6/\5)\6Tr(YueL)

— 12\2Tx (YuYuT ) — 1223\ Tr (Yuyj ) — 6A2Ty (YUYJ ) — 62Ty (YuYJ )

16

—gir

(16)



B

(1)
A4

= 36A3Te (VoY) — 18\ T (caelYa¥] ) — 90T (cacheuch)

— 1206 (cach eV ) + 1200 T (eacl Vo] ) = 1220Tr (eael VoY) )

+ 65T (eavfeav]) = T (eavy Yaeh) + 1206 (eaV¥ay] ) — 60 Tr (eeel oy
+ 2T (Ve ¥ ) = 3nTr(e Vi Veel ) + AeTr (VYY) = 1226 (uchael)
v 12)\1Tr(eueIleYJ) - 12A3Tr<eue;YdYJ) - gngr(eueLeueL)

— 32g§Tr(eue €€ ) — 3)\1Tr(eue €yE ) +6)\6Tr<eue euYT) + 12)\6Tr(eue Y.e€ )
— 180T (ewel VoY) — 420 T (0¥ Yael ) — 1226 (e, Y Yoy

+ 60T (uYeuel ) + 6AsTr (Vi ew¥il ) = 9N T (e, ¥, Vel ) + 60T (YaelVae))
60T (YaelVav] ) — 1226 (Yael Vo) ) + 60T (VaY Vae))

n : ¢ Tr (YdYTYdYT) — 3Qg§Tr<YdYTYdYT) — 3\ Tr (YdYTYdYT) — O\ Tr (YdYJ Y, Y] )
P Te (Vo Voel ) + 20 Te(Veel VYT ) 4 20T (V¥ Yedd ) - i (Vv v )
_ AlTr(lereTYeYJ ) + 65 Tr (YueLYueL) 12Ty (ede;YdY; YY) )

+ 12Tr (edeleueszYj) + 6Tr (edeleueleueg) — 12Tr (edeleuelYquT)

— 12T (cac YoV Yav]) + 12T (eaV VaelYay] ) + 6Te (eav] Yav]Vae))

AT (el VYY) + 4T (eVIVeel VoY) + 2T (e VIV Yeel )

— 12T (el Yoy [Yav)) — 12T (euelvayenel ) + 30T (eue euelenel,)

12T (euel euel VY ) + 6T (euelen¥] Vael ) + 6Tr (euel Vaele, V)

n 12Tr(eueT Y, Y v,y ) _ 12Tr(euYTYde ene ) _ 6Tr(euYTYdYTYde )

46T (euYJ eueLYueL) 4 6Tr (euYT Yoelee ) + 30Tt (YdYTYdYTYdYT) 46T (YdYT Y, YTYdYT)

+ 10Tr(YeYT V.Y Y.Y] ) (17)
9
= +gg% = 91/\4 995 A4 + 4XAg + Aoy + 8X3 Ay + 4N] + 8AZ + 10AZ + 4\g A7 + 10A2

n 6/\4Tr(eded> + 6)\7Tr<edeT ) + 2)\4Tr<e€ ) + 2)\7Tr<e(,YT ) + 6>\4Tr<eu )
n 6A6Tr(euYJ) 4 6A6Tr (Ydeg) n 6A4Tr(Yde ) 427 Tr (Yeeg) n 2A4Tr(y;yj)
+ 67T (YueL) + 6)\4Tr(YuYJ ) + 12Tr(edeleu6:;) - 12Tr(edeLYqu )

— 12Tr (edeTYdeL) — 4Ty (eeYJYeel) — 12Ty (eueLYde) — 12Tr (euYJYudLL)

17



2
By =

+12Tr (YdYTY YT)
657 4, 42 6 1413 153
07 9193 — 39192 + 697951 + 693N + 59192)\3 + 500 g1+ 59192&
231 24

24 12
3 g2>\4 + gQ%)\l/\4 — 28)\?/\4 + Eg%/\Q/\4 — 28/\%)\4 -+ Egl)\3)\4 + 3692)\3>\4
24

— 80A1 A3 hs — 80Xa A3 Ay — 2802\, + ggf/\ﬁ + 189202 — 40A1 02 — 400\ — 28302

8 42

GIAZ + 5AgINE — A8NIAZ — 48X A2 — 4A8)M3)\F — 26A4 N2 + — =01 INE + 5AgIN;
24
- 148>\1>\§ — 20M0 0% — T2X302 — 6804 A2 — 80A5A2 + = G A7 — 40A Ag A7 — 40Aa\g A7
42

— 8036 A7 — 1604 A6 A7 — 96A5 6 A7 + ng/\g + 549502 — 20\ A2 — 148\ 02
— T2X3)2 — 68A4\2 — 80A5 N2

1
+ 5 (5(16(109§A4 . 3<2>\2)\4 2032 + 202 + 572 + Aghr + Ai)) + 4sg§A4) +g? (10895 n 25)\4>)Tr(ede

_ 6(2>\1>\7 200 + 223 </\6 + >\7) F 4Xs A6 + A7 + BAsAg + 5/\4>\7) Tr (ede)

33 15
+ glngr(e € ) —gl)\4Tr(ee ) + —g%MTY(eeeZ) — 8)\2)\4Tr(eee:£)

5
— 8X3 4 Tr (ee ) — 4/\4Tr (ee ) — 8/\2Tr (ee ) — 4 A7 Tr (ee )
- 20/\$T‘r(eeel) - 4A2A6ﬂ(eeyj) - 4)\3)\6Tr(eeYJ> - 10)\4>\6Tr<eeYj)

- 8)\5)\6Tr<eeY ) - 4)\1/\7Tr<eeY ) - 4/\3)\7Tr(eeY ) — 10)\4)\7Tr(eeYT )

- 8)\5/\7Tr(eeYeT) + %glggTr(eu ) + —g%MTT(eueL) —gz)\4Tr<eu )
n 4Og3/\4Tr(eue ) - 24)\1>\4Tr<eu ) - 24/\3)\4Tr(eu ) - 12/\4Tr(eu )
- 24A§Tr(eue,t) - 60A§T&r( - 12/\6)\7Tr(eu ) - 12)\2>\6TY(euY )

1)
- 12>\3)\6Tr(euYJ ) — 30A\Tr (euyf ) - 24/\5)\6Tr(euYJ ) - 12A1A7Tr(euyj)
— 12227 Tr (€0Y) = 30AATr (0Y)) = 2005A 7T (€Y ) = 120206 T (Vaeh)
- 12)\3)\6Tr(Yde

) = 30A AT (Yaeh ) = 200 A6Tr (Yael ) — 12027 Tr (Yae))
2
- 12)\3/\7Tr(Yde ) - 30/\4)\7Tr(Yde ) - 24A5A7Tr(yde;) ggngTr(YdYT)

40 2T (Yar]) + gine (Yar] ) + d0gin e (Yay] ) — 200 (Yay] )
— 20T (Yav] ) - 12)\4Tr (vavy) — 242 (vav]) — 60A3Tr (vav))

)
f 12)\6/\7Tr(YdeT ) - 4)\2)\6Tr<Ye ) - 4)\3)\6Tr<Ye ) — 10A4A6Tr(Yeei)

18

T
d

)



- 8>\5)\6Tr( ) — AM A TE (Y € ) — A\ Tr (Yeez) — 10A A Tr (Y et )
( ) —glggTr(Y YT) n %g§A4Tr(YeYeT) —92)\4Tr(Y YT)

= SMATE (YY) = s\ (VoY) — 3T (Vox ) — sx2Te(veyd)

- 8/\5/\7T1"

— 20A2Ty (Y;Y;) — AT (YYT) — 12)\2)\6Tr(YueL) — 12)\3)\6Tr(YueL)
- 30)\4)\6Tr(YueL> — 2425 A6 Tt (Yuez) - 12>\1)\7Tr(YueL) - 12)\3)\7Tr(Y eT)
. 63
30\ T (YueT> —24As ATy (YueT ) = QQTr(Y YT) i 91 2\ Tt (Y YT)
ng A Tr (YuyT ) + 402\, Tr (Y vi ) — 24\ Tr (Y v ) — 24N\ Tr (Y YT)
- 12A3Tr(yuyj) — 24N2Ty (Yqu ) — 1226A7 Tt (YUYJ ) — 6OA2Ty (YuYJ )
27
— —/\4Tr (€d626d62) + 67 Tr (edegedeT) + 12X;Tr (GdGEquE) + 64 Tr (edeLYdeT)
i i i fe ot
+ 5ngr <ede eued) + 64g3Tr (ede eued) — 24)3Tr <ede eued>
—33\4Tr (ede eued) — 24 6Tr (ede}:equT) + 1227 Tr (gdeLequT>
4
+ 12X Tr edeTY ed> — 24\, Tr (edeLYueL) — gg%Tr(edeLYqu)
— 64g2Tr (egel Y, Y*) n 24A1Tr(edeT Y, YT) 4 240, Tr (edeuYuYT)
120 Tr (€al VY] ) + 60Ty (eaVfeach) + fngr(edeT Yael)

(
(
(
- 64g§Tr(edYTYded + 24)\3T‘r(edYTYded) - 9A4ﬂ(edYTYded)
+ 12)\6Tr(edY YdYT) +1226Tr (edYJ 6u62;> — 24\ (edYJeueL)
(ed euYT) 27T (edYTY efi) v 12A6Tr(edYJYuY; )
— 20 Tr(eY VY] ) - 7A4Tr(eee coel ) + 207 Tr (el V) + A0 Tr (el Vel )
+ 2)\4”&(66621/@1/5) + 2)\7T1r(eeYe eeee) - ?ng‘r(eeYJYeel)
+ 83 Tr (eeYeTYeel) - 3A4Tr(e€Y;Y;e§) + AN Tr (eeYTY YT)
= 240 Tr (ewelYael ) + 1220 Tr (cuchael ) - fngr(euedeYT)
— 643 Ty (euel YVl ) + 200 T (euel Yl ) + 2000 T (el vavy))
+ 12A4Tr(euedeYT) - —7)\4Tr(eu i ) + 6)\6Tr(eu euYT) + 12/\6Tr(eu 1Y,e )

+ 60Tt (eueLYuYJ ) 4270 Tr (equ Ydeu) - 24A6Tr(euyj YdYJ)

19



+ 12)\7Tr( Y YdYT) +6/\6Tr<euY €ue ) - ?g%Tr(euYJYuew
- 64g§Tr(e YiV,e ) + 24)\3Tr(euYJ YueL) — 9\ Tr (euYJ YueL)

1227 Tr (€YY ) + 60T (YaehVav] ) — 48T (Yae] Ve

— 24\ Tr (Y ey, vi ) + 12A7Tr(YdeLYqu ) 4 6Ty (YdeT Yde;)

- §A4Tr(YdeT Ya¥{) + 1206 T (YaV Vel ) = 240 Te (Yav; Ve

+ % ¢*Tr (YdYJYqu ) +64¢2Tr (YdYJ Y,V ) — 24Xy Tr (YdYJYqu )

- 33A4ﬂ(YdYJYqu ) + 2A6ﬁ(Y661YeYJ ) + 2)\6Tr(YeYj Yeel) - g)\4Tr(YeYJYeYJ>
+ 6A7T1~(YueLYuYJ) n 6A7Tr(YuYJYueL) - 2?7)\4Tr(YuYJYuYJ> 12Ty (edegedegeue;)
+ 18Tr (edeiledeLYuYT> + 12Tr (ede;edY;YdeZ) + 6Tr (edeszeZedeT)

+ 30Tr (ededeY eued) — 36Tr (ededeYTY YT> — 12Tr <ede euezedeg)

— 36Tr (ede euedeYT> — 24Ty (edefueue:&eue;) + 30Tr (edeLeueLYqu)
—6Tr (edeLYueZedY(iJf) —6Tr (edeLYueleuY;) + 12Tr (edeLYuY;edez)

+ 30Tr(edeLYqu Y,y ) - 36Tr(edeLYuYJ eueji) + 30Tr (edeLYuYJYqu )
+ 30Tr (eq¥ eqelVael ) + 12T (ea¥ [ Vaeleael ) +36Tr (ea vaelav))
— 6T (e Vael Yo Y] ) + 24T (eaV] Yoy [ Vael ) = 6Tr (eqVfeue] Vaeh)

= 6T eV Vuel VY] ) + 4Tr (eeelec VI Veel ) + 2T (eoel Veeleo V)

+ 10T eV eeel Vel ) +4Tr eV Vaelecel ) + 12Tx (e Y Veel V.Y, )

+ 8Tr (eeYJYEYJYeeT) —6Tr (eungdeLeuYJ> + 30Tr (eueLYdeYdYJ)

+ 12Tr(eueIleYJ €ue T) + 30Tr(euejleYquYJ ) + 18Ty (euegeue;Yde)
+ 12Tr(eu FeaY Ve ) 46T (eueLYueLequ ) - 36Tr(eueLYqu Y,y )
)

— 6T (e Y Yael VaY]

u

v 30Tr(euYJeueLYueL) 6Ty (EUYJYue;YdYJ)
+ 12ﬁ(euyjyuegeu ) n 36ﬁ(equYueLYuYJ) + 24n(euYJYquYueL)

— 1T (Yo vavvay]) - en(vaivyvay]) - am(vaviveyivay])
27 , 9

9 4
ﬁgl 10 92 g%)\g — 99%)\3 + 12X A3 + 12X 03 + 4)\?3 + ANy F+ 44Xy + 2)\421

—gig5 + 1

20



1202 £ A2 4 16AGA + 402 + 6A3Tr(ede;) 4 6MTr (ede ) + 2)\3Tr(ee ) + 2A7Tr(eeYT)
+ 60T (euel ) + 06T (e Y)) + 60T (Vaeh ) +60aTr(Yav]) + 20T (Veel )

+ 2)\3TY(Y6YJ ) +6ATE (Yueg) + GAm(YuYJ) 12Ty (ede;YdY; )

— 12Tr (eaelenel) + 12T (eael VY] ) = 4Tr (el Vo) + 127 (euehvav))

— 12Tr(eueT Y,V ) —12Tv (YdYTY YdT)

3537 909 33 291 27 45 27
ﬁﬁ) ~T000Y g+ %9%93 + 409%93 + ?QS 109 gid —3gigs A + 92>\1 LT A2
45 1773 33 111 72
— 39192)\2 + *gg)\g + 200 gil)\g, + 2091g2)\3 — ?gg)\g + Egl)\l)\g + 7292)\1)\3

— 60AI N3 + — 7 Gidads + 7293 o3 — 60A3 N3 + g INZ £ 6gIN2 — T2M N2 — T2X\002

9 9 15 24 24
—12)3 + 1091/\4 5glg2/\4 + fg;m + —91/\1/\4 + 3692 M1 Ay — 1602\, + fg’fxm
6

+ 369%/\2)\4 — 16/\2)\4 — 1292)\3)\4 — 32)\1)\3)\4 — 32)\2/\3/\4 4)\%/\4 7‘9%)‘4

)
12 509 . 2 2
glA5 36A1A5 36A2A5

+ 692N — 28A1 A7 — 280 A% — 16A3)7 — 12)3 +
— 1832 — 44002 + 6 91/\2 — 1240 A2 — 440902 — 60A3)2 — 68A4 N2 — 6852

%glxw + 10892 M6 A7 — 88X As A7 — 88X A7 — 176A3 M6 A7 — 88AgAs A7 — T2X5 M6 A7
+ 9 GINZ — 44N A — 1240907 — 60A3)2 — 68X NZ — 68A5A2

20 (991 + 91 (25>\3 - 5492)
- 5( 456203 + 8( —20g2); + 3(2)\2 e (3)\3 + )\4) S AN 4 8y 4+ A2 4 Ag)) + 993))I&r(ede;)

9
_ 6(2)\4)\6 2007 4 5Ag ()\6 + A7) £ 80 A7 4 8Aa)s + As A + >\5)\7> Tr(edeT ) f Zg;*Tr<eeei)

~ Jetad e (ceel) = okt (o) obnTe (el ) + T (el
- 24)\2)\3Tr(ee ) - 4)\2Tr(ee ) - 8)\2)\4Tr(ee ) - 2)\2Tr(ee )

- 2)\2Tr(ee ) — 16/\6/\7Tr(ee ) - 8/\2Tr<ee ) — 16/\2)\6Tr<e(,YT )

- 10)\3)\6Tr(eeYT) - 4)\4)\6Tr(eeY ) — 25\ TE (eeY ) - 16/\1/\7Tr(eeYT)

171
- 10)\3)\7Tr(ee —4)\4)\7Tr(eeYT> —2)\5>\7Tr<eeYT> T Tr(eu )

) 100
PETrepel ) _ ngTr(eu ) lglAgTr(eu ) iQQAdTr<€u L)
Y

+4Og A Tr(egel —72)\1>\3TY(eueu) 12)\2Tr(eu )—24)\1>\4’H(6ueu)

21



—6A2Tr (eu ) - 6)\2Tr(eu ) - 24)\2Tr<eu ) - 48)\6)\7Tr<eu )

- 48A2A6Tr(equ) ~ 303\ Tt (euyj) - 12/\4)\6Tr(euYJ> ~ 6AsA T (euYJ)

- 48A1A7Tr(euYT) - 30A3Am(equ) - 12)\4)\7Tr(euYJ) — AT (euyj)

— 480226 Tr (Yae) ) — 300 A6 Tr (Yaeh ) — 122006 Tr (Vaeh ) — 6AsA6Tr (Vaeh)

- 48/\1/\7Tr(Yd 1) - 30A3A7Tr(yde;) — 120 T (Yaeh ) = 65 27T (Yae))

+ 55 ;*Tr(YdYT) g1 ggﬁ(YdY ) - ZgéTY(YdY ) + gl)\gTr(YdYT)

+ ZggAgTr(Yde) +40g32Tr (Yav] ) = 12200 T (Yav] ) = 1228 (Yav )

=2\ Te (Yav] ) = 633 (Yav] ) — 6x2Te (Yav] ) — 2031 (vay )

- 48/\6)\7T‘r(Yde ) - 16)\2)\6’I‘r(YeeZ> - 10A3A6ﬂ(Yeeg) - 4)\4)\6Tr(YeeZ)

- 2A5A6Tr<yeez) - 16)\1)\7Tr(Yeei) - 10)\3/\7Tr(Yeei) - 4)\4/\7Tr(Yeel)

o) - () - B ) )
—gl /\3Tr(Y Y, ) —92)\3Tr(Y YT) - 24)\1)\3Tr<Y YT) - 4)\§Tr(YEYJ)

= ST (YY) - 2N Yoy ) - 22T (Vov) - sagTe (o)

- 16A6A7Tr(YeY;) - 48)\2)\6Tr(YueL) - 30)\3)\6’I‘r(YueL> - 12)\4)\6Tr(YueL)

- 6>\5)\6Tr(YueL) — 48\ M\ Tr (Y eT) — 30A3A7 Tt (YueL> - 12)\4)\7Tr(YueTu)

- 6>\5/\7Tr(YueL) - 1;(1) gy (Y Yu) - %glngr(Y Y, ) Zg;*Tr(Yqu)
lnggTr(YuYJ ) n IggAgTr(YuYJ ) + 402 A3 Tt (YuYJ ) — T2\ Tr (YUYJ )

122y (YUYJ ) - 24)\2)\4Tr(YuYJ ) - 6A§Tr(YuYJ ) — 6A2Ty (YUYJ )

— AT (YY) — 2408 (VoY) - gA?,Tr(edefiede;) + 67T (eachear])
+ 120 T (caehYae ) + ngr(ededeYT> — 64g3Tr (caclVaY])

+ 6)\3Tr<edeIinY ) — fg%Tr(ede €u€d) — 6492Tr(edeT eue(D

+ 15)\3Tr<edeLeu ) 12)\6Tr<ede euy*) - 24A7Tr(edegeuyj )

— 24 6Tr (edeTY ed) + 12)\7Tr<ed€uYueL) + %ngr (edeLYquT>

+ 6463 Ty (cacl VoV ) = 48N Tr (eacl VY] ) = 4800Tx (eac Vi Y] )

22



122 Tr (ael YaY] ) + 60T (eaeach ) = 9N Tr (e Vae )

4240, Tr (ede Yde;) £ 12)Tr (ede YY) ) — 24\ Tr (edYJeueL)

+ 12X, Tr (edYJ eue;) + 24A5T&"(edYJ Y] ) - 21A3Tr(edyj Yue;)

= 200 T (e[ Vael ) = 2006 (ea¥ VY] ) + 1200 T (eav VY

— g)\gTr<eeeleeel) + 2/\7Tr(eeeleeYeT) + 4X;Tr <eeeZYeel> — %ngr(eeelYeYeT)
+ 20T (el VoY) ) + 20T (Vi eee] ) — 3 Tr (e Y Vel )

+ 80T (€Y Veel ) + ANeTr eV VoY) + 1206 T (euel ael,)

— 240 Ty (el Yael) + ngr(eué Yav) + 6463 T (euelyavy)

— 480 T (euelYav]) — 80T (euel Yoyl ) + 1225 (enelvavy) )

_ %AgTr(eue €u€ T) + 6)\6Tr(eueLeuYJ ) + 12A6Tr(eueLYueL) _ %Q%Tr(eueLYuYJ)
— 64g3Tr (eueLYuYJ ) + 6A3Tr(eueLYqu ) - 21A3Tr<euyj Ydeg)

= 240 T (Y] Yael ) + 1206 Tr (€Y YaY] ) = 240 Tr (Y] Vav)

+ 6T (euYJeueL) - 9)\3Tr(euYJYueL) 4240 Tr (euYJYueL)

120, Tr (euYJYuYJ ) 4 626 Tr (YdeZYdYJ ) 4240 Tr (YdeLYue;)

+1226Tr (Yael VoY) ) = 200 T (Yael VY] ) + 606 Tr (Yay [ Vae])

- %Am(ydyj Vav]) = 20T (Yay [ Vaeh ) + 1227 (Vav [ Vae))

— %ﬁﬁ(ydyj Y,v] ) — 64g§Tr<YdYJ Y,V ) n 15)\3T‘r(YdYJ Y,V )

+ ZAGTr(YEelYeYT) 2\ T (YEYTYeeT) - gAgT‘r(YeYTYeYT) + 6\ T (YueLYuYuT>
+ 60 Tr (VY[ Ve ) 2T (vavivay)) + 30T (cacheactvar)

+ 18Tr<ededede €€ ) — 18Tr (ededede Y.Y ) + 6Tr (edegedY;YdeD

= 6T (cachYaeh eV ) + 12T (caclVaVeaeh ) + 4210 (eaclyvavivav))

— 2T (eqelYaVieueh ) + 42T (eac Yoy VoY) + 18Tr (eael euceac))

+ 427Tr <€dEL€u€LYdeT) + 36Tr (ede}:eue:&eue;) — 42Tr (edeleueLYqu>

—6Tr (edeLGquTYdeL) —6Tr (edelequYu%) + 6Tr (edelYueleuY;)

23



B

B

(1)
A2

(2)
A2

— 24Ty (edeLYquedeD — 42Ty (edeLYuYJYdYJ) + 427Tr (edeTuYuYJeuag)
— 2T (eqel VoYYV ) + 6T (ea¥feaclVaeh ) + 6T (e feael Voel)

+ 6Tr (edeYdezedeL) + 6Tr (edYTYdedeYT) —6Tr (edYTYde eued)

+ 6T (eaV Yael Yo ) +12Tx (eaV Yoy Yael) - 6T (eavfYavVae])
+ 6Tr (edYJeueLYdej;) —6Tr (edYJ eueLYueL) —6Tr (edYJYungde)

= 6T (eaV,fVaeheuel ) + 6T (eaVfVael VoY) — 6T (eaV Vv Yaeh)

+ 10T (eeeleeelYeYJ) + 2Tr (eeeleeYJYeel) + 4Tr (eeelYeYJeeel)

14T (el VoYV Y ) + 2T eV eoel Voel ) + 2T (e Veelecel)

+ 2Tr(e€Y€T Yeelv, v ) n 4Tr(eeyj vy} Yeeg) — 42Ty (eueLYde Vv )
= 24T ey Yavfeuel ) — 42Tr (uelYaV ¥, ) — 18T (eucheuclary)
+30Tr (eu Tewely, Y*) 6Tr(euefueuyj YueL) + 42Tr(eueLYquYdYJ )

12Ty (eueLYqu €ye ) 42Tr(eueLYuYJ Y, Y} ) 46Ty (equT Yaehv,vi )

- 6Tr(euYTYdeT Y,V ) — 6Tr (euYTYdYT Ye ) + 6T (euyj eueLYdeL)

+ 6Tr(euYuT eueLYueu) 46Ty (euYJ Yoehv v ) 46Ty (euYJ YueLeueL)

+ 6Tr(euYuT Yoely, v ) —6Tr (euYuT Y,Y] YdeL) n 12Tr(euYuT Y, Y} Yuel)

+18Te (Yav Yav[vay]) + 18T (Yavi vy vav]) + 6T (vavvavivay))

= —|—%gl + %glgg + 292 *gl)\g 995 A2 + 2473 + 203 + 2234 + A + A2 + 12A2
F 122 Tr (eded) FANTr (ee ) + 6Ty (euyf) + 6T (Yded) 20Ty (Y e )

1220 Tr (VoY) = 6T (cacheach) — 2T (eoelenel) = 6Tr(vu v Y

3537 . 1719 , , 303 , , 291 y 1953 4 117 5 51 , 108 5.
= A Ao — —gada + — g2\
72000 91 — 200 ~nn 9192 — 30 <n 9192 T == 16 2 T S 200 2+ 20 an 919272 — 3 goA2 + 5 g1/\2
9 9
+ 1089503 — 312A§ + 1—09 A3 L1 gahz + 5 g%A% + 129373 — 20A2)3 — 8A3 + %gm

3 6
+ 59193)\4 + oy . : gl)\3>\4 + 12g AsAg — 200 A3y — 12020, + ggm
+ 39303 — 120077 — 16307 — 63 — fgl INZ — 140002 — 20302 — 220402 4 62
54
— 18A3A2 — 14M402 — 10A5A2 — 36A36 A7 — 28 A4 \6 A7 — 20A5 M6 A7 + 5 GIN2 + 5dgi A2

— 318X \% — 66307 — TOAAZ — T4A5)2

24



1
+ 5 ( —5 (144A$ 32092 \g + 57602 — 90g2\s + 993) +9g4+ g2 (50)\2 + 5493))Tr (ede;)

— 6(12/\2 20+ 3+ )\5) )\7Tr<edYT) - %ngr<ee ) n %gngTr<ee )

- ggéTr(eeei) —g%A Tr (eeee) D @0 (el ) — 4833Tx (o]

- 12)\?&( ) - 24>\2)\7Tr(eeYJ) - 6)\3)\7Tr(eeYT ) - 4)\4)\7Tr<eeYT )

— 2\ Tr (eeYJ) 12)\2Tr(eue ) - 12)\3>\4Tr<eu ) —6M2Tr (eu )

— 6X2Tx (euel,) = 36X2Tx (euel, ) — 220A7Tr (Y] ) = 183sA7Tr (Y]

— 122000 Tr (€Y ) = 6AsATr (Y] ) = 722007 Tr (Yaeh ) = 1870 T (Yaeh)
- 12>\4)\7Tr(YdeIl) — A\ Tr Yded) — 12\2Tr (Ydyj ) - 12A3A4Tr(Yde )
— 6ATy (YdeT ) — ATy (YdeT ) — 36A2Tr (YdeT ) — 2o\ Tr (Yeei)

— 6AsATr (Yeez) - 4)\4)\7Tr(Y;el) - 2A5A7Tr(yeeg) - 4A§Tr(yeyj)

— ATy (YYT) - zAiTr(YeYJ) - 2A§Tr(yeyj) - 12A$Tr(yeyj)

— T2\ Tr (Y J) — 18/\3/\7Tr(YueL> 12X\ T (YueL) — A\ Tr (Yue )
171 63
~ 100 107
+ —gz)\gTr(Y YT) + 80g2Xo Tt (YUYJ) - 144)\§Tr<YuYJ) — 36A2Tr (YUY )

—

59 1Tr(Y YT) & 2Tr(YuYJ) - gggT‘r(YuYJ) + gg%)\gTr(YuYu)

4
+ 3 —g] 2Ty (ede:fieded) - 3293 Tr (edezedeT) — 32 Tr (edegeded) + 67 Tr (edededYT)

+ 1227 Tr (edeZYdew — 18X Tr (edeszYdT) — 9\ Tr (edeleueg)

— 20T (eael Yaeh ) + 1220 T (eael VY] ) = 120 (eae] VY

+ 67T (€a¥each) + 6x5Tx (eaVear] ) — O Tr (eaV] Vac))

— 12X\, Tr (ede eugg) — 420, Tr (edYJ YueD — 120, Tr <edYJ Y,Y] )
12
5

_ 6)\2Tr(eee v.y! ) n 2A7Tr(eeYT € € ) 2\ Tr(eeY e Y] )

g%Tr(ee Lece ) — )\QTr(eee €€ ) + 2)\7Tr(eee eeYT> +4)\7Tr(eee Y.e )
_ 3A2Tr<eeygyeeg) + 12)\2Tr<euej;YdYJ) —12)3Tr (eueLYdYJ )
— 18X, Tr (eueLYuYJ ) + 65 Tr (euYJ Y ) — O\ Tr (euYJ YueL) + 12X, Tr (euYJ YuYJ)

+ 625 Tr (YaehYaeh ) = 1207Tx (Yavi Vaeh ) = OTe (Yavi VoY) + 225 (Veel veel )

25



+ 60T (YueLYueL) + 6\ T (YUELYMYJ ) + 6A T (YuYJ YueL) - %ngr (YquYuYJ)

= 3203 Tr (VY YaYd ) = 0T (VY VoY ) + 80T (cachieacheach ) + 12T (eacheachvary)
n 6Tr(edejledyj Yue;) n 6Tr(edeLYdej;edYJ ) —12Tv (ede HYaVieue d)

+ 12Tr(ededeYTY YT) + 6Tr (ede euegedeT) — 12Tr(edeTY YTeded)

+ 12T (eqel VoYl euel) = 12Tr (eael VIV Y] ) + 6T (e feaeh Vae))

T 6Tr(edeT Ydezede:;) —12Tv (ede Yuegede;) — 6Tr (ede Y,V Yue:;)

+ 10T1r(.€e €e el LEe€ ) —|—4Tr(€e LEcE TY YT> + 2T1r<.se TYe eeYT> + 2Tr<eeYTe eTYe )

+ 2Tr(eeYT Yoeleoe ) - 12Tr<eu Y yiy, v ) 12Ty (eueLYuYJYuYJ)

12T (@Y Vael VoY) + 6T (VI YaYYael ) + 6T (Yav Vo) vy ) + 30T (Voyivavivayd)  (23)

3.3 Yukawa Couplings

1
BY = +3 (euejled + Beueten — 3e, Y] Yy + e YTV, — 4V, Y] eq + 2V, Yien
i 6Yqu(edeT ) n 2YuTr(eEYJ ) n 6YuTr(euYT ))

+eu<3Tr(eu )+3Tr(YdYT) — 82 ;g 2 Z 2+Tr(Y YT)) (24)

16
92€u6d6d + g3euezed — 2)\36u626d

41
Béi) = gleueded + 3

240
+ 2)\46ueded +

16

223 2 n
Eue €u
80 R0

— 12)\1eu6Jr €y — 6)\6€MET Y.

135

6 gzeue €y + 16936ueJr €u
9

Ge Y Yo+ — 59 g2e, Y1V,

23 33
Y'Y,
+ 24091 u + — 16 2 u

16
+ EggeuYJYu — 2)36, Y, Yy, — 4046, Y1V, — 606 Yyel €y

11 3 64
—6)\5Y€ Y., —%g YY ed—2ngYTed— 3

73 51
+ 20, Y eq — 20V, Y] eq + mnguYJeu + §92Y Yie,

32
+3 @Y, Y e, — AN3Y, Ve, — 20V, Y, e, — 6)Y,Y]Y,
1 1

1
_ Zeuegede{ged — Zeuegedeieu + eueLedeTYd — ZeueLYdeTed

43
807

— 16g2e,Y] Yy — 6Xe, Y, € e Y)Y,

— g2V, Y] eq

26



3 1 7

+ §€u€L€u€L€u - eue}:equYd — ZeueLYuYJeu + ZGuYJGﬁLYd
1 11 7

_ ZequT Yaelhe, + Zeuyj YaY Yy — 26,V e el Yy + peuYileudl Y,
1 1

_ ZEUYJYUELGU +e Y VYV, - ZequYuYJ Yo + YueheaYieq
1 7

— iYueLedYJeu — YueleuYJed + ZYUGLEHYJEH

1
+ 2V, Y] eqeleq + 3V, Y ViV eq — 1Yuyj YaYie, — 2V, Ve eheq
1 9

L2V Y VYo + VY VoY e — VYV - Jesche (ede;)
9 9 15

— ZGuYJYuTY(GﬁL) — §YUYJeuTr(edeL) + 1 euedeTr(edYT)
9 9

- ZeuelYuTr (edYT) + 6Yue;edTr (edeT) — §YueL€uTr(ede)
3 3

— ZeuegedTrGeee) — feuYTY Tr(ee ) — iYuYJeuTr(eeel)
5 v ot t t

+ 4€uedeTr(ee e) eu Y. Tr(eeY ) + 2Y, ededTr(eeY )
3 15

— §Y W€ euTr(ee J) eue euTr(eueL) + ZeuYJYdTr(eueL)

2 2 1
_ %euYu €, ITr (Yde:;) — %eueueuTr (YdYJ) + ZE)EUYJYdTr (YdeT>

+6Y,Y edTr(eue + euedeTr<euYT) — feu TY Tr(euYT>

+ 6Y, ededTr(euYJr — fY € euTr(euYT) — %EuYJGdTI‘ (Yde:;)
t £y _ 3 1 £ _ 9 vt t
+6v,YfeaTr (vav] ) - “eYfedr (veel) - Sy euTr(Yeel )
9 5
— Sada (Vo)) + ey vam (vl ) + avuvem(vy))
9 927 9
— ZequedT‘r(YueL) — ZeuYJeuTr(YueL) — ZeueLedTr(YuYJ)
9 9
_Z T Ty _ 2 i T
JaYY I (YuYu ) SYuYeIr (YuYu )
1
oY, (24)\1)\6 120306 + 12006 + 120606 4 240027 + 1203 A7 4+ 1224 A7 + 1225 )

8
n 5(3293 +9g2 + gl>Tr(edYT) n 15(91 ¥ 92>Tr (eeY ) n 17g§Tr(euYT) n 45g§Tr(euYT)

+160g3Tx (Y] ) + 6Tx (euchen Y] ) = 54Tr (ea¥eaeh) = 5aTr(eavfvav])
46T <edYJeue§) + 6Tr(edYJ Y, Y] ) - 18Tr(eeYJ eeeg) - 18Tr(eeyj Y.y} )

_18Tr (aueLeUYJ ) 46T (equT Y,y ) ~36Tr (euYJ eueL) - 54Tr(euYJ Y, v} ))

27



9

1267 , 9 21 , 19 3
+eu( o gt - 509103 = 02 + 759105 + 99305 — 108g3 + GAT + AS + Asha + AT + SA3 + 5AF

600 192715
+ §A7 +3 (160g§ +17¢2 + 45g§)Tr(eueL) + 2(32g§ +9g2 + g%)Tr(Yde) %ngr (Y YT)

+ %ggTr (verd) - gTr<edeLYdeT )- %Tr(edezeueg) + 3T (cact VY] )

- 9Tr<edeT Yaeh) - §Tr(eeeTYeYT) - §Tr(eeYT Veel ) +3Tr (euehvav) )

- 21%(6“ € ) . gTr(eue Y, YT) + I&r(euYTYde ) - zTr<euYJYueL)

- %ﬂ(YdeYde) . %TY(YdYJYuYD - ZTY(YeYJYeYJ)) (25)
By = % (2eueLYu — 3Yyeheq + 3Y, YV, — deye Vi + Yiele, + v, Y] Yd)

+ €y (3Tr (Ydeg) + 3Tr (Yuel) + Tr (Yeel))

+Y, (S’I‘r (edeil) + 3Tr (YUYT) - 89§ — ;—ggf Z 2+ Tr(ee )) (26)

64
3 gseuede + 2)\36u€de

11
P = —gpoteuelYa -

3
~30 gzeuede —

2
3 51
— 2)\4eueLYd — 6)\66uezeu + 120g1 €€ uYu + §926ue Y

32
+ gggeuelYu - 4)\3€u€LYu — 2)\46u€LYu — 6)\56uYJ€u

43
— 6XM7¢,Y, Yu — % Yue:ried +
523 , 33 i

16
22l =2y, — 4%, —2)\3Y,
—|—24091 W€y €u + 1692 W€y €u + 3g3 el 1Eu AsY, el “€u

— 4N Y€l e, — 6A7 Y€l Y, —

9
1692Y eded 169§Yu€26d

33
mg%YuYJYd + EQSYuYJYd

<9 G2V Y]V — 203V, Y] Yy + 20V, Y]V, — 60V, Ve,
223 135
+ 559 2Y,YlY, Wt 159 gAY YIY, + 162V, Y.V, — 120V, Y.Y,
1
+ 36u6d6d6de — ZeuededefY + 2euedeYTYd + eue €u€ Yd
1
_ ZeueLeueLYu + QGUELYUGLEU — 26u€LYquJrYd + EquTYdELYd
L Yoy, b Lo vivdy, o+ My o
— Zequ Yae Yy — €Y, Yue,Ya + ZEUY" Y,.el Y, + ZYUGdeGdEd
1 7 1
— iYueLedYJYu + ZYUELYdY;ed + Yuezeuel}ed — EYUELGUELGU
1 7
— ZYUELGUYJ Y, — 2V,el Y, Yieq + ZYueLYuYJ €u

1 1 1
- ZYquT cachYa + Y, Y Yaehey — 1Yuyj YaYiv, - ZYquT YYly,
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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
1692 GdY Y, + 3 gSEde Y, — 2)\3€de Y, — 4/\4€de Yy
79 9
~ %7 FPegYV, + 1—6ggedYT Y, — 16g2¢4Y,[ Y, — 6);Yaeheq

157 51 32
— 65 Yael Yy + —ngdY;ed + —g%YdY;ed + = ggydyjed
23

— 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,

27
— ZedefiedTr (ed ) —edYTY Tr(ede ) + 6YdYJeuTr<edej;)
) i ) _ 2 i
— 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 )

2
- §Yde e/ Tr (YeY; ) — gedeT e/ Tr (YueL) - %edYJ euTr(YueL)

- {edezedTr (YUYJ ) n %edYJ Y, Tr (YuYJ ) 4 6Y Y e, Tr (YUYD
n éYd (24/\1/\6 F 122506 + 12006 + 122506 + 24007 + 122327 + 1207 + 1205)7

+ 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

31 3
+€d( 600 -5 g9 — VECha 1—59193 + 99297 — 1085 4 6A2 + A2 + A3y + A2 + §A§ +3
9 15 17
+ N2 (3293 +9g2 + gf)Tr(eded) +3 (g% + g%)Tr(eeel) n §g%Tr(YuYJ)
1) _ 27 te ) 2
TT(Y V) + 20031 (oY) ) = T (caeheach) — S (caclvary)
9 3
- fTr(ede cuch) + 3Tr(edeLYqu )- ZTr(edeT Yaeh) + §’H(edYJ Vaeh)
— fTr(eee €c€ ) (eeelYEYJ) — ZTr(eeYJYeel) + 3Tr(euedeYT)
2
_ gTr(eueLYuYJ) _ %Tr(euYJYueL) _ ZTr(YdYJYqu) _ Z7Tr (YUYJYUYJ))

3 1 |

= +Seeclec +5e XY + Vo¥ie + 3Y€Tr(edeT ) n YeTr<eeYeT) v 3Y6Tr<euYuT)
9, 9

+ €e <3Tr (€d€2> + 3Tr (YuYJ> — 4g2 495 + Tr (egl))

1
80( 480A7€.cl Y, — 4807, Ve, + 309¢2€. YTV, + 165¢2¢.Y, Y,
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— 160A3€, Y Y, — 320\4e.Y.Y, — 480X\, Y ele, — 4805V el Y,

+ 78¢2Y. Y. e, +51092Y. Y. €, — 32073, Y. e, — 1600, Y. Y, €,

— 480/\6Y6Y6TY6 + 1206662666266 - 2O~s€eZYeYJ~se + 14066YJ€€62Y€

— 206, Y, Yoele, — 20e. YV YIY, + 140V, el e, Y e, + 160V, Ve VY,

— 20V, VYoV e, — 180eel VT (eaV] ) = 360Yeele T (ea¥ )

- GOEeegyeTr(eng ) - 120YeegeeTr(eng ) — 180e, YV, Tr (ML)

- 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) n gngr(YquYuYJ>

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates >EWSB’

B, — g7 Vo

Ws, Z,

Wlp _ ZW WP_

ng W;
The mixing matrices are parametrized by

oz cos Oy  —sin Oy
sin Oy cos Oy

1 1

ZW:< V2 \/§>
- 1 - 1
—Zﬁ 7,72

4.2 Rotations in Mass sector for eigenstates ’EWSB’
4.2.1 Mass Matrices for Scalars
e Mass matrix for Higgs, Basis: (¢1,¢2), (¢1, P2)

m m
m% _ ( P191 P21 >
Mer¢s Mepago
Mer¢a =
This matrix is diagonalized by Z:

H, 2 Hi _  dia
Z7mp 2T =my'y

42

Mgrdy = 3(12(/\11;3 + w@%(%)) +v3 (2 ()\3 + /\4) + 23?(A5)>) +mi
3(3 (%f@R(Aﬁ) n ng;) 4R (mu) + oy (21}1 (2 (Ag + /\4> + 2§R(A5)) + 3)\702))

Mgty = %(6)\211% + 6v1v2§}%(>\7) + 02 (Ag Ak m(xg,))) +m2

(45)



with
$1 =Y Zjh;, ¢ =Y Zfih; (57)

J J

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

m3 = ( o Mo ) +&m?(2) (58)
Mooy, = 3(4 (Alv% + vva%(AG)) + v3 (2 ()\3 + )\4) — 2%()\5))) +m3 (59)
Mooy = i(zvm(%) n 2v§§R()\7) - 49%(m12) n 41}1@2%@5)) (60)
Meyoy = %(2/\2115 + 21111123?(/\7) + Uf( — §R</\5) + A3+ /\4)) +m3 (61)

Gauge fixing contributions:

2 2
%v% (gl sin Oy + g cos @W) %’Ul’l)g (91 sin Oy + g9 cos @W)

m*(€z) = 2 2 (62)
%1}1’02 <g1 sin Oy + g2 cos @W) %v% <g1 sin Oy + g2 cos @W)
This matrix is diagonalized by Z4: 4
Z4m%0 2 = mgh (63)
with
J J
e Mass matrix for Charged Higgs, Basis: (Hf*, H;'*) ,(Hi HY)
) %)\31)% + )\11)% + v1v2§R()\6> + m% TrL*}LI;*HJr e Q(Wf)
my- = ! w-m
%( — 2mqg + /\61}% + /\71)% =+ v1V2 (/\4 + )\g)) %)\3’0% + /\Q’U% + U1U2§R(>\7) =+ m%
(65)
Gauge fixing contributions:
1.2,2 1.2
1921 7920102
m2(fw_) = l42 41 2 92 (66)
192012 793V3
This matrix is diagonalized by ZV: ‘
Ztmy 20T =mgiy (67)
with
o =" zhH}, Hf =Y ZLHS (68)
J J
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4.2.2 Mass Matrices for Fermions

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

myg = ( %6a1ﬂ1 <’U1YdT + ’UQG?;) )
This matrix is diagonalized by Ug and Ul‘fz
UL maUst = mdie
with

d,*
dpia = E UL,jiDL,ja

to

d *
dRjia = E UR,ijDR,ja

123
e Mass matrix for Up-Quarks, Basis: (ur q,), (ukﬁl)

My = ( —%6(1151 (vleg + vgYuT> )
This matrix is diagonalized by U} and Up
UL m, Ut = mdia
with

U,k
UL ia = E UL,jiUL,ja

to
UR i = Z Ul%,ijU}*%,ja
t2
e Mass matrix for Leptons, Basis: (er,), (e})
Me = ( L (leeT —l—vgeeT) )

This matrix is diagonalized by U7 and Ug

S

e,* e, dia
U, "mUg' = myg

with
e,*
€L = E UL,jz'ELJ
ta

_ e *
€R,i = E UrijER,;
to
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5 Vacuum Expectation Values

6

ov
o1
ov
92

7 Particle content for eigenstates ’EWSB’

Tadpole Equations

1
1
1

1

HY = —¢1

' \/i
1

HY = —¢»

’ \/i

+ v1 (31}%& — 4§R<m12) + v%/\(’g + vm)\;))

1
BN
MG

—v + 11—

—Uy + 11—

1
Nokk
1
NG 02

=1 ()\le + vg ((2 ()xg + )\4) + )\5>vf + 3\7v1v9 + 4()\2123 + m%))

Name Type complex/real ~ Generations Indices

h Scalar real 2 generation, 2

A0 Scalar real 2 generation, 2

H- Scalar complex 2 generation, 2

v Fermion Dirac 3 generation, 3

d Fermion Dirac 3 generation, 3, color, 3
U Fermion Dirac 3 generation, 3, color, 3
e Fermion Dirac 3 generation, 3

g Vector real 1 color, 8, lorentz, 4
¥ Vector real 1 lorentz, 4

Z Vector real 1 lorentz, 4

w- Vector complex 1 lorentz, 4

n¢ Ghost real 1 color, 8

n? Ghost real 1

n? Ghost real 1

n- Ghost complex 1

nt Ghost complex 1

45

( (Alvf + m%vl) + o (31}% (Aa + AZ) - 45}3(7%12) + 03NS 4 vy ()\702 +v1 (2 <A3 + )\4> + A5 + A;)))) (83)

(84)



8 One Loop Self-Energy and One Loop Tadpoles for eigenstates >EWSB’

8.1 One Loop Self-Energy
e Self-Energy for Higgs (h)

( mvaZ»FZ 2,2 ki Zz+4(_§rMS+BO(p My Miy - ))F* ww-Lhowe w-
_BO(pQ’ ?27*’m%*>rhm oLy == _B0<p2’msﬁ’m%*)rﬁm}m*lﬂﬁwﬁm+

= Bo(pm22,m22 T, T +4rh e~ %rMSm%V, + 4 (m3-))

1 1
a=1

2
2 2 o
_ZAO(mH )Fm,hj,Ha SHT T ZAO(mha)Fhi,hj,ha,ha,
a:l

a=1
1 2 2
— B ( 2 m2o, m> )I”f T;
T3 1; 1: o\P" Mg, g0 )17, a0 aph i 49,49
a= pg
2 2
2 2 2 *
+ZZBO(Z’ My ’me—) by H YR HE
a=1b=1
2 2 1 2 2
* 2 2 2 *
+ Bo(p mi,, 7on)F wha,Afb)Fhi,ha,Ag + B} E E :BO(P vmha’mhb)rhj,hmhbrhi,ha,hb
a=1b=1 a=1b=1
3 3
2 2 2 Lx R Rx L
~6 ma, Y Bo (P Mg, mdb)mdb (Fﬁj,(ia,dbrhi,cfmdb + th,Ja,dehi,Ja,,dJ
a=1 b=1
L Rx R
+3ZZG0(Z) mg, ’mdb) (Fh s Y hddy, TR a,dbrh“dmdb)
a=1b=1

Lx R Rx* L
QZme ZBO(}D me 7m )meb (Fh €q eth ,€a,€h +Pﬁ_j,éa,ebrili,éa,,eb)
a=1

3 3
2 2 2 Lx L Rx R
+ Z Z GO (p ’ mefl’ mgb) (Fh37ea75brhlaea7eb + thyéaaebrilhéaaeb)
1b=1

a=

3 3
2 2 2 Lx* R Rx L
-6 Z mua Z BO (p ? mua ) m’U.b) mub (Fh g ubrh Ug ,Up + Ffzj,ﬂa,ubrﬁi,ﬁa,ub)

a=1 b=1

3 3
2 Lx L Rx R
+ 3 Z Z GO <p mu ’ m ) (F ]7ua7ubrhuua7ub + thaaafubribiaﬁafub)

a=1b=1
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2 2
+ZFZ%ZA Fhl,ZAoF(J(p mAO,mZ) +2ZF* e H_I‘h“W+ H—Fo(p m?q_,m%v ) (85)
b=

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

2 2 2 2 2. 2 2
i ;(p") = —Bo (p ’mn"mn‘)FA?,nlyn*FA?-,nl,n* — Bo (p ’m17+’mn+)rﬁ?7n1,n+rx427nl,n+

1 1
+ 4FA?,A§?,W+,W— ( — irMSm%V, + Ap (m%[,,>> + 2FA?,A?,Z,Z( — irMSmZZ + Ag (m%))
1 2
) ZAO (miz)rﬁ?,A?,Aa,Ao Z AO( ) AQ A9 HE H
a=1
1< 1
=52 Ao(m? ) o s, + 5 Z Z Bo(p? g 1 ) Uiy ag agTan, g
a=1 a=1b=1

2 2
2 2
+ZZBO<p’mH;’m ) AOH*H*FAOHMH‘

a=1b=1
2 2
2 2 2 *
+ E E B()(p amhavag> A?7ha,AgFA?7havA(b)
a=1b=1
2 2
1
52 E BO(P mh 7mhb) A% by h,,FA?,ha,hb
a=1b=1
*65 mq, E Bo(p md amdb)mdb(FAUd deAO dg,dy FAod deAO da,db)
a=1 b=1
R
+3E g Go(p md ,mdb) (FAod Jdy FAU da,dy +FA°d deA?,d'a,db)
a=1b=1

2 R L
-2 Z Me, Z BO (p mea mﬁb)m@b (FAO éa,ebFAO €a,€b + FA;;,é FA ea,eb>

3 3
L Rx R
+ 203Gt mzm ) (P e Do e + T e T )

a=1b=1

3 3
2 L
—6 Zmua Z Bo (p M, mw)m“b (FAD ﬂa,ubFAO T up 11A° aa,ubrA‘;,ﬂa,ub>

a=1

3 3
2 R

+3 Z Z Go (p mu ,m ) (FAO,ua UbFAO,Ucuub + FAQ,u ubrfl?,ﬂa,ub)
a=1b=1
2

+ ZFAO oD ie 2 Fo (p mhb,mz) ¥ QZFAO we s Caowe, o Fo (p2,milb,,miv,) (86)
b=1

e Self-Energy for Charged Higgs (H™)
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1 * 1 *
Iy (p?) = +4( = 31MS + Bo(p,0,mby- ) )Ty o T e, 4( = M8 + Bo(phmiy md ) )Ty 1y T -
7 ’ k) K3 J ’ ’ 7
—BO(PQ,mv%Z’mfv*)rﬁlﬁﬁ,nzrﬁj—m*m_ Bo(p m27’m22>1—‘H+ w7 FHJ'_WZWZ

1
+ 4Fﬁ;,H;r,W+,W* ( — irMSm%V, + Ag (m%‘/,)> + QFI:I;,H;F,Z,Z( — §I‘MSTRQZ + Ag (m%))
1 2 2
2 2
5 Z Ao (mAg)FH;,H;,Ag,Ag - ZAO (mHQ )FH At HE Hy
a=1 a=1
1 2 2 2
2 2 2 2\
) Z Ao (mha>rﬁ;,ﬁf,ha,ha + Z Z Bo (p Mg mAg) H_;,H;,AgFHJ,H;,AQ

a=1b=1
2 2
2 2 2 *
+ Z BO (p ?mH;?mhb) H},H;,thHJ7H;7hb
a=1b=1
3
L
6 E My, E By (p mua mdb)mdb (I‘ iad FH+7umdb | i I‘ i ,ua,db)
a=1 b=1
Rx* R
+3§ : E :GO (p my, mdb) (FH+ ua,d,,FH+ Ta,ds +FH].+,aa I ua,db)
a=1b=1
R Rx* L
2Zm’/a ZBO (p m meb)meb (FH+7Va7EbFH,?—;l7a7€b + FH;,ﬁw%PH?ﬂa,eb)
a=1
R
+ Z ZGO (p m,, ’m€b> (FHJr Va, ebFH+ Va,ep + FH+ VayebFHjﬂjmeb>
a=1b=1

+E:FH+W AOFHf,W*,ASFO(pam?‘l‘b”m%’*)+ZFH+W hFHJ,W*,th’(p2’m’21b’m%V*)
ZFHW T Fo(p2m?,0) + Zrm”,rmm Fo(p?,m3, - m%) (87)

e Self-Energy for Down-Quarks (d)

2 3
_ 2 2 2 Lx ]?
507 = +ZZB° (p 2 My M )Fdwhu,db Ma g hody
a=1 b=1
2 3
2 Lx* R
+ ZZBO <p m"b’m )F J, H, ,ubmubrd_i,H;,ub
a=1b=1
3 2

—I-ZmdaZBo(p m3, ,on)Fj*d AFRI 4o A9
a=1
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3
16 1 2 9 R+ L 1 2 2 R+
-3 Z ( - irMS + By (p Mg, O))Fjj,g,dbmdbrcii,g,db — 42 ( — ngS + By (p ’mdb’o))rij,«/,db de‘d“%db
1 b—1

— 2 Rx L
rMS + Bo (p ’ mub7 mW?))FJj’nyuhmubFCiiA,W’,ub

1
- irMS + By (pQ, mzb , mQZ))I‘If”*

L
dj7Z7dbmded;i,Z,db (88)

2 3
1
R 2\ 2 2 2 R R
2P =—3 2. B (p ’mdb’mha)riiha,dbrii,ha,db

)
Il
-
o
I
-

[\E\ﬁ»—u
N
>y

2 2 2 Rx R
1 (p ’mub’mHt:)Fd:j,H;#b di Hy suy

3

4
2 Rx R 4 2 2 Lx L
2 1(]0 mg, ,on)FdJ,d ,Agr&i,da,Ag 3 bgl Bl(p ,mdb,O)ng,g)deJhg,db
a= — =

3
_ 2 2 L L L L
> Bi(p ’mdb’o)rdmdbrdwdb ZBl(p My M~ )F dw= W,

)

-
M
©

3
- %ZZBl (pQ’mZb’ )st*,Ha ,udeL‘i,H;,ub
1 2 2 2 2 Lx Rx R
2 Z B (p ’mda’mA(zi)Fd?,da,A divda, AY ZBl (p mdb’O)F FAPRY A
3
=Bt mi )T LT ZBl (i )T T
=Y Bi(ptmd, my )i TR (90)

e Self-Energy for Up-Quarks (u)

2 3

S Lx*
g »*) =+ Z Z By (p27 ma,, mi{;)raj,H;,dbmdbral, HF dy

a=1b=1
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2 Lx R
+ Z Z BO (p mu;,’ mh )Fu],ha,ub b]‘—‘ﬁi,ha,ub
a=1b=1

§ : § : Lx R
+ M, BO (p mu 7mAO)FuJuua7AOFﬁivuavAg

3
16 1 2 2 Rx L Rx L
- ? Z ( - §I‘MS + BO (p ’mub’ 0)>Fuwg Up “briug,ub —4 ( - erS + BO (p mub’ 0>>Fu_/ 7Y Ub “brﬁi,%ub

o
Il w
—

1
— MS + BO (p 7mub7 ))Ff*z ubmubréi,Z,ub

1
— ot rMS + Bo (p M, Miy ))F* Wt dbmde5L W+, dy (91)
1 2 3
R [ 2\ _ 2 2 Rx R
2P =—35 2 2B (p TGy Mgy )Fu],Ha PR e
1 2 2 2 R R
D) Z Z By (p 2 My, 5 mha)rﬁj,hmubrﬁi,hmub
1 3 2
2 2 R L L
— 5 B ml g )T T kg ZBl (p 2, 0) 08 W,
2 2 Lx L Lx L
Py My 0) Fﬁja%ubrﬁu%ub Z By (p mub mz) F“J Z UbFﬁi,ZﬂLb
b=1

B B (pz’m?ib’mlz/V_>Fé;kaW+vde§i,W+,db (92)

2 3
1
L 2\ 2 Lx L
Zixj (p ) 9 Z Z By (p mdb’ )Fu77Ha ,deﬁmH&F,db

i L
Uj,ha,up™ Ui ha,up

3 2
1 2 2 Lx* Rx* R
o 5 Z Z By (p 1My mAO)FuJ,ua,AQFuuumAO o Z By (p mub’ 0) Fuj,g ubFﬁmQMb

3
2 2 Rx R Rx R
_§ :Bl p ’mqu)Fﬁj,’Y,ubFﬁn%ub z :Bl <p mub’mz)rupz ubl—‘ﬁixzyub

l\J\IH
™
™
oy
=
3
Sl\?
3
>N
N

— Bl p2’mdb,mW,)F%iw+’deIﬁi7W+7db (93)
e Self-Energy for Leptons (e)
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2 3
S 2 2 2 L R
Ei,j(p ) = +ZZBO <p ?meb’mh )Fe]*, a,ehmebréi,hmeb

3
2 2 2 Lx
+ZZBO(]7 ’ml’b’mH;)FeJ,H;,vme’JFl

3
1 Rx
—4) " (= 51MS + By (pZ,mgb,o))rém

3 2
2 2 L
+§ :meai :Bo(p ’mea’mAO)FeJ*,ea,AQF:
b=

1
—4 (—irMS—i—Bo(p?,mzb,mW ))FR* - m,,bI‘L _—

R
ei,Ha ;vp

R
€irea, A}

L
Mey L g,
»€b €iyY,ep

2 3
1
SR 0%) = —5 >3 Bi(phmd mi TR T,

1 2 3
- 2 2 R R
2 Z ZBl (p ’m”b’mH )Fe],H;,ubréi,H;,ub

a=1b=1
1 3 2 3
2 2 2 Rx* R 2 2 Lx* L
- 5 By (p 1My s mA%)Féj,ea,ASFéi,ea,AS - Z By (p 1 Mey,s 0) I‘EJ)’erbl—‘é’ia'Y;eb
a=1b=1 b=1
3
2 2 2 Lx L L
- g B (p 7mub’mW*) é;,W—,vp &,W— E :Bl (p meb’ mZ)Fe z ebréivzaeb
b=1 b=1
2 3
1
L 2\ __ 2 2 2 Lx L
i i.J (p ) Y Z Z By (p 1y Mgy mha)réjvhayebl—‘éi;ha75b
a=1b=1
1 2 3
2 2 Lx* L
9 Z Z By (p My mH )FEJ,H;,VbFéi,HQ_,Vb
a=1b=1
1 3 2
2 2 2 Lx L Rx R
D) B (p Me, ’mAS)Fe €as AOFezaeavAO - Z B (p me, O) L rmes e me
a=1b=1 b=1
3 3
2 2 Rx* R
o Z By (p Myys - )Féj,W’,VbFé Z By (p meb’ )Fe 4 ebréi’Zﬁb
b=1 b=1

Self-Energy for Z-Boson (Z)

o1
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H(p2) = +|Fz,n1,nf ‘QBOO (pza m%—a””%—) + ‘Fzml_,n+|2300 (Pz,m,z,+7m37+)

1 \
— |F2,W+,Wf \2(10300 (pQ,m‘Q/V,,m%V,) + 24, (m%/v,) — 2rMS(2m%V, 3 2) + By (p mW 7mW ><2mw + 4p )

2
1
+2;Ao<mig>Fz7z)Avo +ZAQ( ) ZZH;F,H + = ZAO<m}21a)FZZha7ha

2 2 2 2

~ 4D I,y Boo (0% m?, ) =437 DI e g P Boo (03 m )
a=1 b=1 a=1b=1

+3ZZ[( LTS 2 Ho (2, m3, i3,
a=1b=1

+ 4By <p27m3 amgb)mdamdb%<ré*d Lz, db)]

3 3
+Z [( Zea,eb|2+|FZea,eb| )Ho(p27mgaamib)

a=1 b=1
+4Bo (p,m2, m2, Yme,me, R (T, o T, )]
3 3
+3ZZ |:< Zuavub + |F§7'aa7ub‘2>H0(p2’mia’mib>
a=1b=1
+4By(p%,m )muamubm(r“ T w)]
3 3
+ZZ[( Z\0g, ub |FZD(1 ub| )Ho(p27mza7mzb)

1b

=+ 4BO (p m m2 )mya ml/b%(réj‘ﬂwl/brg,ﬁmub)}

9
Il

2 2
+2 Z IC g 1>By <p2, mi,_, mil;) + Z IT2.2.1,12Bo (p?7 m%, mib) +2rMSmy, Ty 4 v -
b=1 b=1

—4Ao (m%v,> <4rlz,z,w+,wf +T% g+ w- + F%,Z,WﬂW*) (97)
e Self-Energy for W-Boson (W)

3 3
H(pz) = 2rMsm%/V*F11/V*,W+,W+,W* + 32 Z K W+, i, d,,|2 + |FW+ A, db| )Ho (pz,mia,m3b>

a=1b=1

2 2 2 2
+ 4B, (pz, m, m?l,,)mdbmua%(F€;+,aa7dbrﬁv+,ﬂa,db)] —4y Ny Iy gr- o> Boo (p2, m%o, mig) =43 > IMwin

a=1b=1 a=1b=1
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2 2
+ 4BO (pzvmzayamgb)mebml/a%(rw+ Uq, ebFW+ Vg, eb):| + ; ‘Fw+’,y’Hl)— |2B0 <p2, O,mib_) + bz |FW+,W—,hb‘QBO (pz,m%
(98)

8.2 Tadpoles

&g) =+ 4o (mi, ) Ui+ Ao (m%+>rﬁi7n1,n+ + 4o (mflz>rhi7n7ZWZ
2

1 1
N 0 W G RO S R
a=1
1 2
-3 o Yk e = 5 3 A0 i
a=1
+GZAo(m a)mda( da TTh 4 d)
+22A0(m a>mea( hi\Ba,e +FﬁR-é e)
+GZAO(m a>mua< R Ga U +F§ yilg ua) (99)

9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

A}
/
/
/
/
//
0
A e e !
\
\
\
\
\
0
Aj
1
5 (Zg z4 (31;1 ( Py )\7) Z4 + ( — Asv1 — Arvn 0l NE + va;) Zg‘l)

1 zA (( — AsU1 — Arva oA+ va;) Z8 4 ()\5v2 T P m;)z,g‘l))
( (37)2( - )\6 + )\Z)Zl‘?l + ()\5’[)2 + >\6U1 - ’U1>\g — 'UQ)\;)Z&)

+ 23 (= dsv1 = Mva + 01d; + 0207) Zih + (Asvz + Agvr — 01X — 0205 241 )) (100)
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J ()\51)1 + Avg + 01 ;5 + U2)‘;) Zlg + ()\502 +Agu1 + 1A + UQ)\E)Z]?D)) (10D
hi
’
’
/
/
J/
0
Aj ====== \
\
\
\
\
\
h;
1
S (Z8(Z5(( = dsvn+ Arv + 0145 =03 ) 20 + 01 (= 25 + 40) 2
+Zj ((3)\6111 = 301AG — Asvz + vaE)Zﬁ + ( — A5 Az Fodg — Uz)‘;) Zg))
+z4 (Zﬁ (()\5712 — A6V1 + U1 AG — 02)‘2)2152 vz ( — At )\Z) Zﬁ)
+ ng (( — 3A\7ve + 31}2)\; + Asv1 — vl/\g)ng + ()\502 —Aev1 + Ul/\g B U2A;>Zlﬁ))) (102)
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_ %(—le{g +UQZ;;) (Zjﬁ((—AHA;)Z,jﬁ (—Ag +)\6)le1> +Zj+2((—A5+A4)Z,jl + (—XHA?)ZJQ))
(103)

N %(Z’; (Zf; ((2>\3v1 2001 + 3Ar2 + 30aE + Agvr + M;)Zg n 3(%@2 Ao 4oy A;) Z}g)
+ Zﬁ((Q)\g’Uz + 20402 + 3A6v1 + 301 AL + Agva + vgxg) zH

+ (2)\31)1 20401 + 3A7vs + 3UaAE + Asvp + m;) Z,g))

+zH (zﬁ ((mgvg + 20402 + 3AgU1 + 3UL NS + Agvz + m;) ZH 4 3(4m1 + Agva + m;) z,ﬁ)

+ Z55 (22002 + 204wz + BAgvr + BuiAg + Asvz + 12X ) 215

+ (2)\3@1 + 2)\41)1 + 3)\7’02 + 3'112)\; + )\51)1 + 'U1)\E)Zlg))) (104)
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J1 ((2)\6’01 + )\4’[)2 + UQ)\;)Z’:LQ + (4A1’01 + )\6’02 + UQAE)Z’:&)

(
+zf (Z.+
(

+ 75 (2)\3111 + A\7vs + 1}2)\;) Zh + (2111/\2 + (/\4 + )\5>U2>Z;j1)>) (105)

9.2

Two Scalar-One Vector Boson-Interaction

1 e
-5 <g1 sin Oy + go cos @W) (Z{}Zj{ T Zggzg) ( —pl —i—pf") (106)
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1 H- A0
so:(2az + 2825) (- p +0it) (107)
Wi
A0 —meee
! \
\\
+
Hj
1 Agt | gAg+ HF | A
592 (ZmZﬂ + ZiQZjQ) ( —Pu tPu ) (108)
Wi
F— -
\\
\
H
Lon(28 75 + 28 7 4l 1
— 592 %i1 g1t ZiaZip )\ —Pu” TPy (109)
w,
F—
\
\\
HT

i ZHZ+ ZHZ+ HJJr
592(%i1 1t ZiaZjo )\ — Pu

+pﬁi) (110)
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K2

nd
\

\

+
Hj

+

7 . H -
5 (91 cos O + go sin @W) (Z;[Z;“l + Z;;Z;g) ( —pu’ +pf‘ ) (111)

K2

R
\

\

HT

J

i . Hi ]
5 ( — g1 8in O + ga cos @W) (Z;'{Zj'"1 + Z;ng‘E) ( —pu’ —&-pﬁ[l ) (112)

9.3

One Scalar-Two Vector Boson-Interaction

i
39 (vl ZH + szféI) (gw) (113)

o8



% (91 sin Ow + g2 cos @w)2 <v1 Z{ + Ung) (gcm) (114)
T
H ---»—-
Wi
%glgg cos O (vl Z;i + UQZ,;;) (g(w) (115)
Zy
H ---»—-
wr
— 3.glgg sin Oy (m Zh+ 'UQZ;E) (g,m) (116)

2
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Hf --<=-

3

Yo

7
59192 €0 Ow (le;{ + UQZ,;g) (gw) (117)
Zy
Hf --<-
Wy
7 .
— gglgg sin Oy <lei+1 + ngg) (gw) (118)
9.4 Two Fermion-One Vector Boson-Interaction
Ivu
Jia
djp
s ( .1_%) (119)
293 i\, B ’Y/J. 9
1 ~ 1+ s
+ —59351‘]‘)\&}5 (’Yu T ) (120)
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Vi

&
2

djp
i . 1—5
— 650[55”» ( — 392 sin Oy, + g1 cos @W) (VM g ) (121)
) 1
+ %gl cos Oy dagdij (fy# . -;%> (122)
Zy,
J’ia
djp
i ) 1—75
Eéagéij (392 cos Oy + g1 sin QW) (% - ) (123)
] 1
+ —%915@/55”' sin O, (’yu . _;75) (124)
w,r
az’a
djp
1 3 1—7
. d,* u )
- "Egﬂsaﬁ az::l UL'aUL ia (W T o ) (125)
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Tp

€j

. 1_
%(51-3- (91 cos Oy + go sin @W> (% . 275) (126)
1
+ ig1 cos Owdy; (%e . %) (127)
Zy
€;
€
i ) 1—s
5(5”» ( — g1 sin Oy + go cos @W) ('Yu . T) (128)
1
+ —ig16ij sin @W (7H . ‘;75) (129)
W,
v;
€5
. 1 e,* 1- 5
iU 0, ( 7> 130
Z\/iQQ L,ji i3 Pyl 2 ( )
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Gy

Uiy

2

ujip
i 1-— Y5
- 59351‘]‘/\3,5 (% e ) (131)
) ~ 1+
+ *59361‘]‘)\%6 ("}/u . 5 ) (132)
T
ﬂia
Ujp
) . 1-— Y5
— 65a55¢j (392 sin Ow + g1 cos @W> (’yﬂ - ) (133)
21 1
+ —5191 cos O da80i;5 (% . 275> (134)
i
Jia
Ujp
1 3 1—7
igabas S UM U ( L 5) 135
\/592 B a; L,ja“~ L,ia Y ( )
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(e
ujip
i . 1—75
- 65%5” (392 cos Oy — g1 sin @W) (fyu . T) (136)
2 . 145
+ égﬁaﬁ&j sin Ow (’Vu . 72’7 ) (137)
Wy
€;
vj
. 1 e 1- 5
- ZﬁQQ®j,3UL7ij (’Yu T o ) (138)
Z,
v
vj
i . 1—7s
- 55”‘ (91 sin Oy + g2 cos @W) <’yu . 9 ) (139)
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9.5 Two Fermion-One Scalar Boson-Interaction

AR
/
/
/
/
B /
dia (
djp
1 3 3 3 1—~
s d,* d,* — /5
- ﬁ‘saﬁ ( Z UL jb Z UR iaCd, abZk2 + Z UL .jb Z UR zaYd abZkl) < 9 ) (140)
b=1 a=1 b=1 a=1
1 3 3 3 3 14~
* * 5
+ ﬁ‘saﬁ ( Z Z Ed,abUI%,jaUg,inI?Q + Z Z Yd,abUI%,jaUg,inlﬁ) ( 9 ) (141)
b=1a=1 b=1a=1
A
/
/
/
/
/
— /
€;
€j
3
e,* 1- 5
B 7 ( Z L ]b Z UR ia€e, abZkz + Z UL ,jb Z UR,mYe,abe:l) ( 2 ) (142)
b=1
3 3
e e ZA Y* e e ZA 1 + 5 4
7 Zee,abUR,jaUL,ib k2 T ZZ c.abUR,jaUL v Zi1 B (143)
b=1a=1 b=1a=1
AR
/
/
/
/
/
_ /
Ui
ujp
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b=1a=

1

b=1a=1

3 3 3
1 U,k U,k 1- V5
5 (> uis, Z TaCuanZi + Y UEL S U YuawZih ) (—520) (144)
b=1 b=1 a=1
1 3 3 3 3 1+~
u u * u u 5
+ \ﬁéaﬁ( Z‘f nanUb Ut v Zi + Z ZYu,abUR,jaUL,in/?Z) ( 5 ) (145)
b=1a=1 b=1a=1
Iy
/
/
/
/
B /
dia (
djp
& v
d,* d,* — /5
- 2 (Z ijZUR ia€d, abZk2+ZUL ]bZUR iaYd, abZkl)( 9 ) (146)
b=1 a=1 b=1
1 3 3 3 3 14+
* 5
+ - 2 (Z Z € ,abU]%,jaUg,inIg + Z Z Yd,abU}%,jaUg,inIﬁ> ( 9 ) (147)
b=1a=1 b=1a=1
Hf
/
7
ﬁia
dis
¢ -
. u,* 5
fzéag(z L]bZURzaEU ame +ZU ZURmYU abZkQ)( 9 ) (148)
b=1 a=1
3 3 3 3 14+
. * u * Uu 5
+ _’L(Sa,@ ( Z Z 6d,ab[]}%,jaUvL,inlj_Q + Z Z Yd,abUl(é,jaUL,inIjI) ( 2 ) (149)
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/
’
/
/
/
- /
€i
€j
1 3 3 3 3 -
y €,% €,% e,k e,* — 5
_ZE(ZULJZ’ZUR,WEE’“Z’ZJZ J’_ZUL,ijUR,iaY;ﬂbZﬁ) ( 5 ) (150)
b=1 a=1 b=1 a=1
1 3 3 3 14
) * € e * e e 5
+ *Z\ﬁ ( Z Z ee.abUkjaUL.iv %z + Z Z Ye,abUR,jaUL,inlfl) ( 9 ) (151)
b=1a=1 b=1a=1
H,!
//
’
v
€j
(152)
3 3 1 n 5
1 * e * e 5
+ _Z( Z EevaiURJGZI—:Q + Z Ye,aiUR,jaZI-c‘rl) ( 2 ) (153)
a=1 a=1
hy
/
’
/
/
/
ﬂia /
ujp
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3 3 3
'1 U,* U,* w,* w,* 1-—75
Z\ﬁ(saﬁ(ZUL:jb UR,iaEu,abZ]ﬁ + ZUL,ijURmeu,abZ,g)( 5 ) (154)
b=1 a=1 b=1 a=1
1 3 3 3 .
) * u u * U U 5
" Zﬁéaﬂ(z > cuaUhgUtanZin+ 2D Yu,abUR,jaUL,inIg) ( 2 ) (155)
b=1a=1 b=1 a=1
Hy,
/
//
(La {
ujp
3 3 3 3 -
] U,* a,* U, % * — V5
— i0up ( UL UpiscaaZip+ Y UL > Uz’,iaydﬂbzljl) ( 5 ) (156)
b=1 a=1 b=1 a=1
3.3 3 3 1 4n
) . u R .
t =ibap( 3D o aUh Uk Zi + 3 O Vi Uk Ut 0785 ) . ) (157)
b=1a=1 b=1a=1
Hy;
’
//
> ’
€
vj
3 3 1 y
. e,* e,* — 5
- Z(Z URia€eaiZi + ) UR,mYe,ajZLE) ( ) (158)

a=1 a=1

2
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9.6 Three Vector Boson-Interaction

v
Gap
9po
93fa,84 (%u( —pyr -ﬁ-pg‘”’) "‘gpv( - _'_ngsa) "‘gcm( -y +p§”“)) (159)
W;:
+
w,
Yo
S0 © W W W e Yo i 160
1928 Ow (gou| —Po " +Ps” |+ Gpo| =Pu” +D)7 ) + gou| —Pp7 +pp (160)
Zy
+
w,
W

+ +

. w w W= W=
— 192 cos Oy (gpu( _pfu +po” ) +gpa( — Pu ° + P’ ) + gau( —Dp° +pf“)) (161)
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9.7 Four Scalar-Interaction

%(ng (Z (3Zk2 (4)\2le ()\7 + X;)Zﬁ) + 74 ((2)\3 2+ As Ag)zﬁ + 3()\7 + A;) Z;;‘))
A

j2

+7 (Z,:‘l((m3 2+ s+ )\5)ng + 3()\6 + Ag)zﬁ‘) n z;;*z((zxg 20+ As + A;)Z;;‘ —1—3()\7 + X;)Zg)))
+ ZA (Z;‘1 <3Zk1 (4>\1le </\6 + A;)Z;;‘) + Z,?Q((Z)\g F 20+ A5+ A;)Zlg‘ + 3(>\6 + A:;) Z;;‘))

+ Z;‘Q(Z,?l((m 20+ s+ A;)Z;‘; + 3</\6 + )\Z)Zﬁ‘) + Z,gg((mg + 20+ As +)\§)Zﬁ +3()\7 + x;)zg))))

(162)

3( =+ x) 252l + 23y (=2 +33) 28 + (= 2o +37) 28
A*+)\5)Zg+(*>\g+>\6>2g>+Z1242((*/\5+>\5>Zu (
A(3( =2+ x) 2028 + 2 (- 2+ 2s) ZH + (= 2+ 26) 2
(

(=254 0) 28 + (= x5+ 26) 2) + 25 (= 25+ 2) 28 +

+

N

ibS
TN TN /N

N

e
AN LN /N

Ar +A’;)Z{§)))) (163)
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+7 (Z,f{((x5 + A5)Zl2 </\6 + Aﬁ)zll) + Zk2<()\5 +A )le (A7 +A )Zm)))
+ 74 (Zﬁ (Zk1 (zulzl1 (AG + /\6)Zg) vz ((2/\3 T2 - As A5)Zl2 (/\6 n )\G)le ))
+ 25 (28 (s +3) 28 + (M +2) 2) + 284 ( (05 + 3) 28 + (3 + ) 28)) ) (164)
H} H_
\ ,
A4
\\/
/7 \
/// \\\
// \\
A9 A9

( (2Z]‘% (Z;jl ()\3Zﬁ + /\72[5) +Z% (2/\2ng + )‘;Zl—;))
A(ZE((a+23) 28+ (3 +2) 28) + 25 (M +26) 2+ (3 + 1) 25) )
+ 24 (225 (28 (2028 + 2 25) + 2 (V25 + 277 )

(25 ((a+23) 28+ (R +2) 28) + 25 ( (M +26) 2+ (e + ) 25) ) (165)

2

+
N

+
N
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§(Z£(Zg<(—)\$+)\7)z,g2ff +Z,ﬁ((—A5 +)\§)fo+ (—A;+A7)Z{§))
+ 2 (8 (3( =+ 20) 2+ (= a1 20) 2H) + 2B (= ds +23) 28 + (=254 20)28))
+ 2828 (= 2o+ 2) 2828 + 28 ((~ M+ %) 28 + (= 26+ %) 2
+ 2B (ZB (=24 06) 28+ (= 2o+ 2)28) + 2B (3(— M+ 25) 2l + (- +25)2)))) (166)
Hyf Hy;
\\ ,
\\/’
/7 \
/ \
/ \
7 \
/ \
/ \
A0 hy
1
S(— 28zl + 23200) (Z5 (= 2+ 2) 25 + (= X+ 26) 2) + 25 ((— % +2) 2+ (=25 + 0) 25))
(167)
hy i
\ /
\ /
\ /
\ /
\ /
\N7/
/7 \
/ \
/ \
/ \
/ \
hs hy
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(Z 1((2/\3+2)\4+/\5 +)\5)Zl2 +3()\6 A )Z{{) +Z,f§((2)\3+2)\4+)\5+)\§>2ff +3(A7+A;)Z{§)))
+Zf{(z (:J,Z,ﬂ(aulzl1 (A6+A;)Z{;) +Z,§§((2A3+2A4+A5+A;)Zg+3(A6+Ag)zlﬁf))
(2

(2/\3 20+ A5+ A5)Zl2 + 3()\6 Iy )Z“) n Z,&((z/\3 20+ A+ /\5>le + 3(/\7 + )\7)Zl2))))
(168)

(25 (223(28 (M2 + 7M7) + 25 (20255 + X321
H
1

(ZE((2a+23) 28 + (R + X)) 28) + 25 ( (M +26) 2 + (3 + 1) 25) )

(22 (z (22 + 26 2) + 28 (NaZis + 221 )

(7
(Zi(M+2)Zi+ (e +26) Z0) + 25 (M +2) 2+ (e +23)25) ) ) (169)

(3

Z
2
+ 7]
+zH
+Z

H
32

Hf Hy

—i(Zi(zh (202528 + (N + M) 2625 + 25 (202 + (D + ) 21))
+ 27 (2 (202 + M2t ) + 2 (N5 + 267 )
+ 25 (25202525 + 25 (Vs + M) 2525 + 2 (23028 + (M + 1) 21)

+ 273, (Z,jl (ASZ; + X;Zg) + 77 (2/\2ng + X;Zﬁl)))) (170)
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9.8

Two Scalar-Two Vector Boson-Interaction
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59% (Z{?ZjAl + ZSZJA2) (gw)

(171)
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+
T Wu

1
— 59192 cos Ow (ZﬁZj"’l + Z,ng;;) (gm,)

(173)
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1 .
59192 sin Ow <Z£Zj+1 + ZSZ;E) (9;41/)

(174)
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Z, W

1 .
— 59192800 Ow (Z{?Z;1 + Z{%Zﬁ) (gm,)
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Tv ’7#

<g1 cos Oy + go sin @W)2 (Zlef1 + ZEZJE) (guu) (183)

N .

— i( — 2g1g2 cos 20y + ( — gg + gf) sin 2@W) (ZZZ;E + Z;;Z;E) (g/w) (184)

W W

i
5 g2 (Z;Zjl + ijzj*;) (g,w) (185)
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/ \\
H- Hj
) . 2
5 (—grsinOw + g2 cosow ) (2525 + 25255 (9 (186)
9.9 Four Vector Boson-Interaction
gsv Gyp
Gap 980
8 8
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a=1 a=1
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a=1 a=1
8 8
+ igg ( Z fa,'y,afﬁ,é,a + Z foz,ﬁ,af'y,é,a) (gpugau) (189)
a=1 a=1
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W:‘ Yo
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ig% sin @%,V (gpggu,,)

(190)

+ igs sin Of (gpugau) (191)
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Wp"' W;‘
2ig; (gpggﬂu) (196)
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+ ig3 cos O, (gpugw) (201)
9.10 Two Ghosts-One Vector Boson-Interaction
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9.11 Two Ghosts-One Scalar-Interaction
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Hy
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nt
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Zggfz (91 sin Opw + g cos @W> <U1Z;—1 + 'UQZI;E) (223)
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/
/
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i . 2 H H
- Z{z (91 sin Oy + g2 cos @W) (vl Zi + ngkQ) (224)
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771 .- - /
n?
— ig2€w— ( — g1 sin ®W =+ go COS @W> (le,jl + U2Z;_2> (225)
Hy
//
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) .
— ZQ2§W* ( — g1 8in O + go cos @W> (le,j'l + mZ,E) (226)

10 Clebsch-Gordan Coefficients
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