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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
VBp U(1) gB BminusL

1.2 Matter Superfields

Name | Spin | Generations | (U(1) ® SU(2) ® SU(3)® U(1))
H 0 1 (—4,2,1,0)
bi 0 1 (0,1,1,-2)
¢ | 3 3 (£.2,3,3)
I i 3 (—3,2,1,-1)
a |3 3 (3.:1.3.-1)
w |3 3 (-31.3.-3)
e z 3 (1,1,1,1)
v i 3 (0,1,1,1)

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 _ 1 -
Legr = — §|auB|2€Bl - §|8u9‘2§g 't §|6ALVBP|2§V}§p - §|8MW|2§W1 (2)

2.2.2 Gauge fixing terms for eigenstates ’EWSB’

1 . 1 _ A 9.
Lor = = 51049126 = 510,76 = | = S92 H vw— + 0, W21
1.1

~3 | 3 (2(’)MZ + §z( — (4ngigman + gBysigmaHv) sin @'y + (4gYBsigman + glsigmaHv) cos O’y sin O + gosigmall



1.1
—3 \ 3 (28HZ/ — &z ((4ngigmaBa: + gBysigmaHv) cos O’y + <4gygsigman sin Oy + gsigmaHuv sin Oy + gosigmaHw co
(3)
2.3 Fields integrated out

None

3 Renormalization Group Equations

3.1 Gauge Couplings

1

B = o (32\/ 10gigy B + 41g3 + 4gpy (4593 +4v 1OQBY)9YB + a1 (16V 109y 9B + 18093  + 4191231/)) (4)
1 , ,

B = = (1999? +398¢3 9%y + 1999195y + 24671003 gpy g5 + 246V 10g19%y g5 + 46095 9%

+ 138091935y 9% + 280V 100195y g% + 3281007 gy 5 + 410V1092 g5y gv B
+82V10g%y gy B + 322093 9By 9ngy B + 138005y 989y B + 560V 1007 0% 9v B

+ 840vV10g%y 9By B + 1000095y g9y B + 276097 g3 5 + 18409195y 95
+1400v10g1 g5y 9895 5 + 10000919395 5 + 1120V1097 63 5 + 280V 1093465 5

+ 1000095y B9y 5 + 10000919y 5 + 135g395 + 1359195y 95 + 90V109195y 9595

+ 180v10g7 9y 595 + 90V 1093y gy 93 + 90095y 989y BYS + 9009195 595 + 44097 93
+ 440919y g5 + 80V 109198y 9895 + 160V10g7 gy 53 + 80V 1098y gy B3

+ 80095y 959y 593 + 8009193 593

- 5( —2V10g}gy 5 + 59% + g1 (209%3 + 598y — mQBYQB) + 9By (2093 - \/EQBY)QYB)TF (YdeT)
—15 (59f’ +6vV10g7gv s + g1 (20932/3 +3V10g5y g5 + 5g%y> + 9By (2093 + 3m93y)gy3)Tr (YEYJ)
— 85T (VY] ) — 859103y Tr (VoY) = 25V100195y 95T (V.Y

— 50V10g3gy 5Tr (YY) ) — 25V 1003y gy T (VoY) = 10095y gngy 5 Tr (V.Y )

— 1009163 5 Tr (VaY ) = 15631 (V, X)) — 150193, Tr (Y, Y))

— 15V10g1 95y gpTr (YVYJ ) — 30V10g7 gy pTr (YVYJ )

— 15V10¢%y gy 5T (YVYJ ) — 30095y gngy 5T (Y,,YJ ) - 300919§3Tr(YVYJ )

~ 300y gngy 5T Y2V} ) = 300063 5 Tr (Y217 )) (5)
1
ﬂéjlg)y =10 (491 (4593 + 4\/EQBY)9YB + g5 (16'@93 + 41913Y) + 9BY (1809123 + 32V 109y 9B + 419233/)) (6)
1
82, = =5 (19991 gmy +398g%ghy +1999hy +82v10g1gs + 410V 104303y 91



1
o =-12

+ 328V10g%y g5 + 18409295y g% + 276005y g% + 280v10g% g% + 112011093y 9%

+ 1000095y g% + 246V10g3 9By gy B + 246V1091 9%y 9v B + 138093959y B + 32200195y 959y B

+ 1400v10g1 98y 959y B + 1000091959y 5 + 138093 95y 93 5 + 460935y 65 5

+ 840V10g7 9595  + 560v109%y 9B g5 5 + 1000095y 9595 5 + 280V 109195y g%

+ 1000091959y 5 + 13591 9By g5 + 1359%y 95 + 901097 gpg3 + 180V1093y 9595

+ 90095y 9595 + 90vV1091 95y 9y 895 + 90091959y 595 + 44097 9By 93 + 44093y 93

+80V1091g593 + 160V100%y 9593 + 80095y 95935 + 80vV109195y 9y BY3

+ 800919589y BY3

- 5(91 (209B9YB -V 1OQBY9YB> + i (5QBY -V 1093) +9BY (209% —2v10gBygB + 5QQBY))Tr (YdeT>
—15 (g1 (2ogB T 3\/1OQBY>QYB + g2 (3\/10g3 T 5gBy> 1 gny (209% 4505y + 6V 1ogBygB))Tr<YeYj)
. 85g§gByTr(YuYJ) . 85ggBYTT(YuYJ> — 25v10¢2g5Tr (YUYJ)

~ 50V 1003y 95 Tr (YaY,f ) = 10095y g3 Tx (VoY) = 25v10g195v gy 5T (Ya Y, )

— 10091959y 5T (YuYJ) — 15¢2gpy Tr (Y,,Yj) —15¢%, Tr (Y,,Yj)

— 15V10¢%g5 T (YVYVT> — 30V/100%y 95T (Y,,YJ) - 3OOgBngB’H(Yij)

~ 15V100195y 9y 5Tx (Y, V) ) = 30001959y 5Tr(Y,Y,}) = 30095y g3 T Y2V

~ 30091959y pTx (V.77 ) )

19 ,

692

1
B2 = —g3 (27g% + 279%y + 36V 10gBy g5 + 180g% + 36v/10g1 9y g + 180g% 5 + 17592 + 36042

30
— 45Ty (Yde ) — 15Ty (Yeyj ) — 45Ty (Yuyj ) —15Tx (YVYJ ))

B = —Tg3
B = %gg (11gf + 11g23y + 4V10gy g5 + 2093 + 4V 10919y B + 20¢% ;3 + 4592 — 26092 — 20Tr (YdeT)
— 20Tr (YUYJ))
Bl = % <4lg%y93 +4gp (459% +9vB (45gy3 + 4\/591)) + 9By (32\/59% +9vB (16\/EQYB + 4191) ))

1
@) = L (1996253y a5 + 1995y95 + 164105305y g% + 328V 10ghy 03 + 1605707

50
+27609%y 9% + 11201095y g5 + 1000093 + 1999795y gy 5 + 1999195y 9v 5 + 82V10g3 9oy B

+410V10g1 9By 989y B + 32209198y 959y B + 840V1091 959y B + 246V 1097 9BY 95 58
+82v10g3%y 93 + 1380979895 5 + 184098y gBgy 5 + 1400V 1098y 9393 5 + 200009595 5

(12)



B
B

(1)

gy B

(2)

9y B

+ 13809198y 9¥ 5 + 840V 1091959 5 + 280V 109y gy 5 + 10000959y 5 + 13593y 9Bg5
+ 180v10gBy 9595 + 9009595 + 1359198y 9y Bg5 + 90V 1091989y B3
+90vV1098y 95 595 + 9009593 595 + 4409%y g3 + 160V 1095y 9393 + 8009493

+ 4409195y 9y 593 + 80V1091959y 593 + 80V 109y g5 595 + 800959 593

- 5(591291/93 — 2109y g% + 209% + 59198y 9v B — V1091989 B — V109BY 0% 5

+ 2Ong§/B)Tr(YdYJ)

—15 (59123y93 +6V10gpy gh + 2093 + 59198y 9v B + 3V1091989y 5 + 3V109BY 93
+ 20959} ) Tr (V.Y

8563y g5Tr (YUYJ) - 50x/ﬁgByg?gTr(YuYJ ) ~100g3Tr (YUYJ )

- SsglgBngBTr(YuYJ) - 25\/EglngYBTr(Yqu) - 25mgByg§BTr(YuYJ)

— 1009563 5 Tr (VY ) = 1503y 95T (Y, ) — 30V T0gmy g3 T (YY)

— 300g% Tr (YDYVT> — 15919y gy BTr (YVYJ> — 15V10g1 959y 5 Tr (YVYJ)
—15V10gpy gy 5 Tr (YVYJ> — 3009592 BTr(Yl,YVT ) - 300g%Tr(YxY;)

- 3009593 pTr (V.Y ) )

1
— = (11980vs +19v 2 (45(g3 + 97 5) +4V10v g5 ) + 91 (16V10(203 5 + g3 ) + A1gmvs ) )
1
50
+280v10g19% + 199¢%gy 5 + 19992 9%y gy B + 410V/1002 9By 989y B
+82V10g}%y 9By B + 184093 g9y B + 138095y g9y B + 840V 1098y g9y B + 10000959y B
+328V10g7 g5 s + 164V10g193y 65 5 + 32209198y 9B9Y 5 + 1400V 10919595 5

2 3 2 3 / 3 2 3 / 4 5
+ 1359198y 9B93 + 90V10g1 9595 + 135939y g5 + 90V1098Y 9B9Y BYS
+ 900939y 595 + 180V 109193 g3 + 90095 595 + 4409195y 9593 + 80V10g19%93

+ 44097 gy Bg3 + 80V10g8y 989y BY; + 800989y BY5 + 160V10g1 3 595 + 80095 595
- 5(2091/3 (9123 + 9?/3) +5929vB + g1 <5gBYgB -V 10(292YB + 9?3)) Y 1OgBYngYB>Tr (YdeT)
- 15(5Q%QYB + g1 (3\/ 10(2932/3 + 9123) + 5gBygB) + gy B (20 (g?; + Q}Q/B) + 3V 1093y93>>T‘r(YeYeT>

— 85¢, gBygBTr(YuYJ ) — 25v10g19% Tr (Yqu ) — 85429y 5Tr (Yqu )

(199g?gBygB + 19991 6%y g5 + 82v10¢3 g% + 2461091 6%y 9% + 13809195y g%

- 25\/IOgByngy3Tr(YuYuT ) - 100g§gYBTr(YuYJ ) — 50v/10g1 6% BTr(YuYJ )



- 1009§3Tr(yuyj ) - 15glgBygBTr(Yl,Yj ) - 15\50919]%,,%(1@1/;)
- 15g§gYBTr(YyYJ) _ 15mgByngYBTr(YVYj) - 300g2BgYBTr(YVYJ)

- 30\/1Oglg§BTr(YVYj ) — 300g% B’I‘r(Y,,YVT ) — 300939y BTr(YIY;) — 300g% BT&(YJ;)) (15)

3.2 Quartic scalar couplings

Bl = —2(108943 +108g% 5 + 10A2 + 2169202 ;5 + 3693 X2 + 3692 g Ao — 4)\2Tr(YIYI*) - STY(YzYI*YwY;) + )\§)
(16)
82 = 2 (601262, g% + 4608y 1005y g5 + 6048045, + 6012620% 6% 5 + 601263y g%g2
X T g 9BY 9B 9BY 9B 9B 91989y B 9BYYBIY B
+ 4608V 10gpy 9593 5 + 1252809593 5 + 4608v10g19%9% 5 + 60129345 5 + 1252809595 5
+ 46081091 g5 5 + 60480g5. 5 + 6339%y g5 A2 + 480V 1095y g5 A2 + 1188095 \s
+ 63392 g% g Ao + 176409% g% 5 Ao + 480V 109165 g Ao + 11880495 5 Ao — 168095\
— 168093 g A3 — 6003 + 9095y 95 A3 + 1809195y g9y B A3 + 9093 g3 g A3 — 697 \3
— 6%y A3 — 300303 — 50023 — 20AF + 30A3Tr (Yo ) + 10T (Vo)
+ 30A2Tr (Yqu ) +10A2 Ty (YVYJ ) — 144064 Tr (YJ;) — 2880g%¢2 5 Tr (Yij)
- 144094YBTr(Y1.Y5) n 15Og%A2Tr<YwY;> n 15Og32/B/\2Tr(YxY$*) n ZOOAgTr(YwY;)
- GOAQT‘r(YyY;YIYj> - 2409?9%(%1/;1/303/;) - 2409,2/BTY<YIY$*YIY;) + 4029 Tr (YmY;YzY;>

— 160Tr (YVYI*YmYI*Yij ) — 640Tr (YJ;YJ; YJ;)) (17)

. 54 108 54 9 9 9
W= — 9By 9E — £ N9BYIBIYE — =019y — 159108 — 1598y As — 3605As — 369y pAs — Sg3As

— 12000 = 8Xadg — G + 6ATe (Y] ) + 20 Te (VoY) + 60 Tr (VoY ) + 22 Te (Y, )
n 4/\3Tr(Y$Y$*) 16Ty (YyngIYj ) (18)

@ 8l .., o, 6417 , , 2304 . 4428 , 3411 3411
B :+EglgBygB+WgBygB+T 5931/93‘*‘?93)/93‘*‘ %5 “—9i9ByyBgvB + 55 919BY9BIY B

2304 6048 . 6417 , , 81 2304
5 59195y959YB+ 5 ——9198Y 99y B + 50 —~919yB T 1091913ng3+ 5 5glgBYngYB

2304 4428 , ,

6048 81
+ 324979895 B + 32498y 9BGyv B + —— 5 \ﬂ gigyp + 5 —— 198y 9BYy B + 5 9i9%s t5 — 9By IBgs

— 919y 595 + 108g%y g5\ + 2169198y gBgy A1 + 1089793 s A1

1671 81 1671
+ 72 A 144 A 72 A )\ A A
gBygB 2+ 1449196y 99y BA2 + 919YB 9+ —— 400 3+ 4091913y 3+ 100 gBY 3

81
+ 819198y 989y BY5 + B



2 1491 2
+ 12\/;9%1/93)\3 + 5 ——— 0By g3 + 96V 10gpy g Az + 1512905 + 12\/;gi”gy3A3

72 1491
+ —G19BYIBIY BA3 + —— g1 9% 5 A3 + 18009%93 A3 + 96V 10g1 g5 g A3 + 15125 g A

5 10
9 9 145 72 72
+ 8glg2)\3 + 8gBYg2A3 T Godz — — iz — : —gEy Mz — 729301 A3 — 6007 )3
3

— 384970205 — 38495 pAas - 40A§A3 2N - S9By A5 = 249575 — 2497 53

5
— 3gaN2 — T2M 02 — 48Xo)2 — 113

5 45
+ (144943 — 18¢39% 5 — 72\[ 9195 p + 1444y 5 + 91 A3 — \/;QIQYB)\S + 59y pAs + 953

+40g2 A3 + T20\s + 1202 + gQBy( — 18¢% + Exg,) +93 (2889%3 15\ — 72\/;9ng3)
- Tl()gBygB (144\@9,23 + 360919y 5 + V10 (144933 + 5A3)))Tr(ydy*)
20 (864093 + ISOOQIgYB + 2592\/>gngB + 86409YB + 759%\3 + QO\FgngB)\d + 3009YB)\3
+ 75923 + 480\ A3 + 80AZ + 7502, (24gB + )\3) +12¢% (14409y3 +216V10g19y B + 25)\3)
+ 1898y 95 (144\@9% + 200919y 5 + V10 (1449%/3 + 5)\3)>>Tr(YeYJ)
342

+ ?géyg%Tr(YuYJ ) n 72\/IOgByg%Tr(YuYJ ) + 144g4BTr(YuYT)

684 342
+ ?glgByngy,gTr(YuYJ) + 72V 1Oglg,23gy,3Tr<YuYJ) + TgngBTr(Y Y )

+ 72V 10gy 9592 5Tt (YuYJ ) + 28822 5 T (YuYJ ) +72V10g13 5 T (YuYJ>
.\ N N 5 .
¥ 144gYBTr(YuYu> n ZglA?,Tr(YuYu) ~ oy AT (Y Y, ) +5 gBygB)\gTr(Y Y, )

+ 593N Te (VY] ) + 5\/3 v hs T (Vo¥]) + 56 phs (Vv ) + Dadnte (v
t t 2 18 » o t
+ 4042 )\3Tr(Y Y, ) + 72)\1)\3Tr<Y Y, ) 122 Tr(Y Y, ) ggBYgBTr(YVYV)
i i\ 4 36 i
+ 216 gBygBTr(Y Y) ) + 432gBTr<Y Y) ) EglgByngYBTr<Y,,YU>
N 18
+ 216 591939YBT1"(Y Y, ) 5 919YBTY(Y Y, ) + 216 QBYgBQYBTf(Y Y, )
+ 864ngYBTr(Y YT) + 216\/;gngBTr<Y YT) + 4329YBﬁ(Y Y] ) + glxgn(y Y] )

3 5
+ ZgﬁgYAg,Tr(YVYJ) + 3\£gBygBA3Tr(YVYJ) + 159931}(1/,,}/3)

5 15
n 3\/gglgy3)\3Tr(Y,,Yj) n 15g§BA3Tr(YVYJ) + ZggAg,Tr(YVYj) n 24A1A3Tr(Y,,YJ)



2 144 72
+ 4)\§Tr <YVYJ) — %ggyg%Tr (YIY;) — ?glgByngygTr (YEY;) — ggfgf/BTr(YxYx*>
+ 30g3 A3 T (YIY;) + 309%BA3Tr(YxYx*) + 322\ T (YIY;> + 8)\§Tr(YIY;>

2 9 27

- gAgTr(YdeT YY) ) 2N TE (Ydyj Y,Y] ) - §A3Tr<YeYteYJ ) - ST (Yuyj Y, v} )
9 ty i Yy Ty 2 oy yt

- iAgTr(Yl,YU YVY,,) — TAsTr (Y,,YV YTy, ) +24 ggBygBTr(Yl,Ym YIY,,)

+ 24\[gngBTr(Y VY, YT) + 14)\3Tr(Y Y'Y, YT) - 24)\3Tr(Y YV, Y )
- 36Tr(Yl,YJ Y,V YY) ) — 20Tr (YVYJ Y, YV, Y} ) +8Tr (YVY; YIYteTYe*)

— 160Tr (YVY*Y YrY,Y] ) — 32Ty (YVY;YVT YY,Y] ) (19)

271 27 27 9 9 5, 5 9, 9, 9 4 9
- — =@y — =G7A] — — A1 — 995\
20091 1009193Y 20093 209192 2093Y92 892 591 1 593Y 1 g2 A1

— 2402 A2 4 12)\1Tr<Yde) + AN Tr (YYT) + 12/\1’H<YuYJ> + 4)\1’I&“(YVYJ)

46T (Ydyj YY) ) 4T (YEYJYQY;) + 6Tr(YuYJYuYJ ) +OT (YVYJ Y, Y} ) (20)
_+34116+422142 +422124 L 3L g +144\F 5 +144\F5 Lo o 351y

N T 7200091 200071 9198 2000 TOOOQBY 25 59193YQB 95 5QBYQB 50 919BY 9B 50 9By 9IB
144 144 2 5, 31 4 351 00 o 1677 4 o 27

+ %5 5919YB + 5 o5 \/ 59198y 9v B + S0 99 Ve T 50 919y 9y + 100 9192 + 3 —9i9Bv 9

1677 , o 48 1T , o ., 48 [2 17 , 289 , |
+ 100 9By 95 + — 5 5QBY9392+T093Y9392+€ 5919Y392+ 10 919Y392+%9192

2 5 g 805 o 1887 . 621 1887 \[ 153
—_— A A A 24 A A
+ g0 IBY92 — 759 2+ 200 91 1+ 1009193)/ 1+ 200 ——gpyM + 59BY 9B 1+ 5 —9ByIBM

2 153 117 117 73 108 108
+24\/;919YB/\1+ =919y + 55 910N + S5 9By 9ah — T oM — I\ — 9By Al

— 1089577 — 312X} + 18g%y 9B As + 369198y 9Bgy B3 + 18919?/3)\3 — 489373
- 48gYB/\3 —10A 02 —4\3

- 1o (4591 + 4595y + 36V10g%y 95 + 361047 gy 5
+ g ( — 250\, + 27092 — 36092 5 + 3671095y g5 + 90923Y) _ QOMgBygB( —5M 4 9g§)
102y (25>\1 272 + 36923) + 4glgy3( —180gpy g5 + 5V10 (5)\1 - 9g§) + 9\/ﬁgéy)
— 25 (8)\1 (4Og§ +5¢% + 5025 + 72)\1) £ 90g2 N, + 992))Tr(Yde )
+ % (7591 + 7595y + 108V10g%y g5 + 108V107 gy
+ 12919YB( - 5\@( —5A1 + gg) +609By 9B + 9\509,293/) — 60v10gpy g5 ( —5A1 + 95)

10



11062y ( —11¢2 + 25X, + 369?3) +2g? (125)\1 + 18092 5 + 54v10g5y g5 — 5502 + 75g?gy)

+25(1003 A1 + 81 (593 + 593 5 + 8A1 ) + 3 ) ) Tr (Vo)

171 171 171 2
+ mg;*TrQ/ YT) 1 ﬁglg?wTr(YuYJ) 1OOgBYTr(Y YT) + 9\/;gngygBTr(YuYJ)

18
+ 9\/QQBYQBTT(Y Y, ) + 391235/91231} (YuYJ> + 9\/;919YBTT(Y YT)

36 18
+ 9\fglggngBTr (Y YT) gglgBygBQYBTr(YuY@ + ggfg?/BTr(YuYJ)

63 63
- T091QQTY(Y YT) - TOQBYQQTY(Y YT) 9\/793Y9392TY<Y YT)

9\fgngBgQTr(Y YT) n iggT (Y YT) 17 fAlTr(Y v ) 127gBY)\ Tr(Y YT)
+ 5\/EgBygBA1Tr(Y YT) + 1Og,23A1Tr(Y Y*) +5V10g1gy s A T (YHYJ)

+ 1063 s Te (VY] ) + —gQAlTr<Y V) + 8003 Tr (VoY) ) + 144X (v, Y

9 9 9 27 /2
+ mngr(Y YT) 5OglgByTr<Y Y) ) + mgByTr(Y Y) ) 5 \/;gngYgBTr(YVYJ)

2 4 27 [2
n 57 \/; gBygBTr(Y v ) %g?gyg?gTr(YVYj ) + ;\/;gi”gYBTr(Y,,YJ)

27 /2 108 54
+ 5\ 209y or T (VY + —aignvasgy e T (YY) ) + Faied s T (V)

3
+ 109192Tr(Y YT) mgBYngr(Y YT) + 9\/;g3y9392Tr<Y YT)
+ 9\/;glgy392Tr(Y Y] ) 492T‘r(YyYy) + 2glA1Tr(Y,,YV) + ZgBY)\lTr(YVYV)
+ 3\/ﬁgBYgBA1Tr(Y YT) + 30923)\1Tr(Y YT) +3v10g1 gy s\ Tr (Y YT)
+ 30g§;BA1Tr(YVYJ ) —gQ)\lTr<Y v ) 48N Ty (Y YT) AT (Y Y )
4 4 2
- —ngr(YdYTYdYT) - gg?gYTr(Yde vav{) - 2\/ggBygBTr(YdeT vav]) +agpTr(Yar vay])
2\/; gy s Te (Yav]Yav]) + 498 5T (Yar[yav]) + 8203 (Yavvav] ) - sne(vavjvav))
12
— 0T (Yavivay)) + —ngr(YeYeTYeYj )+ oy T (vovivey))
+ 18\/;gBygBTr(Y vy, YT) + 12gBTr(Y vy, YT) + 18\/;gngBTr(Y vy, YT) + 12gYBTr(Y vy, YT)

- Am(mjyeyg) + 5ngr(Y Yy, YT) + 5gBYTr(Y Yly, YT)
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+2V10g5y g5 Tr (YuYJYuYJ ) + 4¢3 Ty (YUYJYUYJ ) + 2\/ﬁgngBTr(YuYJYuYJ)
2 ty yt 2 ty yt ty yt 2 ty yi
+4g2 5Ty (YuYu YuYu> +3262Tr (YuYu YuYu) - 3)\1Tr(YuYu YuYu) +6\/ ZgmvgnTr (YVYD Y,,Yl,)

41263 Tr (YVYJYVYJ ) + 6\/§glgy3Tr(Yl,YjY,,Yj ) + 12g§BTr(Y,,Yj Y, Y} ) - AlTr(YUYjY,,Yj)
14N Tr (YVYJ Yte*) — 12\ Tr (Ysz*Yij ) — 30Tx (Yde Yy v,y )

—6Tr (Yde Yaviv,y) ) +12Tr (YdYJ Y Yivey) ) 46Ty (YdYJ YuYJYqu)

- 10Tr(YeYjY;YjY;YJ> - 3OTY<YUYJYUYJYuYJ) - 10Tr(Y,,Yle,Yle,YJ) - 4Tr(Yl,Yle,YI*YxYJ)
4T (YDYJ YIY*Y, Y, ) +2Tr (YVYJ YTy> Yij) ATy (YVY;YIYJYVYJ)

8Ty (YVYI*YVT YrY,Y] ) (21)

3.3 Yukawa Couplings

B = 4.2 Ye + Yo (21 (VaYy ) = 9(gh + 63 5) ) + VXY, + VI VY (22)
@ _ 1
Y= 40

+ 5195y YY) Y, — 78V10gBy ggY,[ Y, Y, — 96093 Y,V Y, Y,

— 78V10g19y BY, Y, Yo — 96095 5 Y, Y\ Ve 4 25563V, Y'Y,

+160X3Y,TY,'Y, — 10Y, Y[V, Y,Y, — 40Y,Y]Y, Y'Y, — 10Y, Y,/ YTY Y,

+ 1120, Y Y, Y)Y, — 40V, Y, YTV Y, — 10Y,L Y, Y. Y Y, + 160V, Y, Y, Y'Y,

—10Y7YYTY Y, — 180V Y Y, Tr (YdeT ) — 60YTY; Y, Tt (Yeyj)

(10560g%YxY;Y$ +105609% g Y, Y'Y, + 1280\ Y, Y'Y, + 51g2Y,1 Y'Y,

— 180V Y'Y, Tr (YuYJ)

+Y,Y]Y, (5195 + 5193y — 781095y gp — 960g% — 78V10g19y 5 — 96093 5 + 25592 + 1603
— 180Tr (YdeT ) — 60Tx (Yeyj) — 180Tr (YUYJ ) — 60Tx (YVYJ ))

—60Y” YV*YmTT(YUYJ ) — 48OYwa*YwTT(YxY;>

- 2Y, (1059?3)/9?3 + 96V 109y g5 + 5715g% + 2109195y 959y 5 + 96V10919% 9y 5 + 1059393

+ 96V 1095y 959 g + 114309%9% 5 + 96V/10g195 5 + 57155 5 — 80A3 — 202
— 300 (gjg @ B)Tr (wag) +120Tr (YJ;YJJ ) +240Tr (YwY;YIY;)» (23)

3
By, =+3 ( —YaVY, + Yoy Yd)

12



igf - EQ%Y + \/%QBYQB — 9B+ \/%—09193/3 - 9B — ZQ% — 8g3 + 3Tr (YdeT)
+Tr (YGYJ ) + 3Tr(YuYJ ) +Tr (YVYJ))
(2) _ +8io (20(11Ydyj YY1V, — avYivyly, + 6v,vivyly, - vviv,y) Yd)
+ YY) Yd(187g% +187g%y + 14V10gpy g5 + 160g% + 14V10g19y 5 + 16093 ;3 + 67595 + 128093 + 960\
— 540Tx (Ydyj ) — 180Tt (YeYJ ) — 540Tr (Yuyj ) - 180Tr(Yl,Yj ))
—YVly, (7993 + 7993y + 50V 1095y g5 + 160g% + 50v/10g1 9y 5 + 16093 5 — 4593 + 128043
=300 (Yav,) ) = 100Tx (Vo) = 300Tr (v, ) = 100Te (v, v7) ) )
- Ly, (127911 + 25497 g%y + 1279y + 254V1007 9By g5 + 254V109%y g5 + 64547 g7

600
— 73593y 9% — 590V 1095y g5 — 10150g% + 254v10g8 gy 5 + 254V10g195y 9v B

— 27609198y 989y B — 590V 1091959y B — T35919% 5 + 64595y 93 5 — 590V1098y 9BGY 5
—203009%9% 5 — 590V10g1 g% 5 — 1015095 5 + 81097 g2 + 810g%y-g5 + 135V109By 959>
— 6759395 + 135V10g1 9y Bg5 — 67593 g3 + 345095 — 124047 g5 — 124093y g3

— 80V10g8y gBg; + 8009393 — 80v10g19y g3 + 80093 g3 — 54009343
+ 6480093 — 3600\ — 3003

- 75( — 2V10g1gy 5 — 2V 10gmy g5 + 5(3293, + A6 + 463, + 9g§) 562+ 5g?gy)Tr(Yde)
- 225 (5 (49% +4gy 5 + 93) + 595 + 595y + 6V10g19v 5 + WEQBYQB)Tr(YeYJ)

- 1275g§Tr(YuYJ) - 12759?3,,%(1@11}) - 750mgBygBﬁ(YuYJ)

- 1500g%Tr(YuYJ) — 750v/10g1 gy 5Tt (YuYJ ) - 150092YBTr(Yqu )

33752 Tr (Yqu ) — 120002 Tr (YUYJ ) — 225¢2Ty (YVYJ ) — 225¢%, Tt (YVYJ>

- 450mgBYgBﬁ(YVYJ) - 45009?9%(%1@) — 450V/10g, gy 5 Tt <Y,,YJ)

— 450092 5 Tr (YUYJ ) - 1125g§Tr(Y,,YJ ) + 4050 Ty (Ydydf YY) ) - 900Tr(Yde Y, Y] )

+1350Tt (YeYteYj) + 4050Tx (YHYJYMYJ ) +1350Tt (YVYJYVYJ) 300t (YVYJYGTYC*>

+ 1800Tr(Y,,Yw*Yij))
O =42 (YT i)
9, 9 1 1 9
+Ye(——2——2 Y —9¢% — 27— — 9g2 —72+3Tr(YYT)
491 493y mgBYgB 9B mgngB 9y B 492 aYy

+Te(v]) + 83T (vay) ) + (v )

13
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2 _ 4—(1)0 (5 (20 (GYeYj Y.YY, -4V Vi Yr YT 4 1y Yy, YT - VY YIYly,
FYYYTY YT )
+3Y,Y]Y, (1299f +129¢%y + 114V/10gpy g + 480g% + 114v10g1 gy 5 + 48097 5 + 22592 + 320\,
— 180Tx (YdeT ) — 60Tx (YEYJ ) — 180Tr (YuYJ ) — 60Tx (Yyyj ))
LYY ( —135¢2 — 135¢%y — 234V10gpy g5 — 1440g% — 234v/10g1gy 5 — 144092 ; + 4542
+300Tr (Yde ) +100Tt (YeYJ) +300Tx (YuYJ ) + 100Tr<YUYJ)>)
+2Y, (13719‘11 + 27423 g%y + 1371ghy + 2874V10¢2gpy gp + 2874V 10g%y g + 706593 9%

+ 260859%y 9% + 13170V 1098y g% + 2925095 + 2874V 10¢3 gy B + 2874V 109195y gy B

+ 380409198y 989y B + 13170vV10919% 9y B + 260859293 5 + T0659%y g% 5 + 13170V 109y g3 5
+ 585009%9% ;3 + 13170V/10g1 65 5 + 2925005 5 + 2709292 + 2709%y g5 + 675V 1098y 959>
+2025¢%g2 + 675V 10919y Bg> + 2025¢% pg2 — 1150g5 + 120072 4 1002

+ 25( —2V10g19y 5 — 2V1095y g5 + 5(329§ +49% + 4955 + 993) + 597 + 59123Y>Tr(YdeT)
+75 (5 (49%; +4gv 5 + 93) + 57 + 595y + 6V10g19v 5 + 6\/EQBYQB)TT (}/;EY;J)

+ 42562 Ty (YUYJ) 44252, Tr (YUYJ ) +250v/10g 3y g5 Tr (YuYJ) + 50092 T (YuYJ)

+ 250110, gYBTr(YuYJ ) + SOOg%BTir(YuYJ ) 4112562 Tr (YUYJ ) + 40009§ﬁ(yuyj)

+ 75g§Tr(YVYj ) + 75g?5.YTr(YVYj ) +150v10g5y g5 Tr (YVYJ ) + 150092 Tr (YVYJ)
+150v/10g1gy 5 Tr (Y,,Yj ) + 150092 Tt (YVYJ ) + 375¢2Tr (YVYVT ) - 1350Tr(Yde Y,y )

+ 300Tx (YdYJYuYJ ) — 450Tx (YeYteYj) - 1350n(YquYuyj) - 450%(YVYJYVYJ)

+100Tr (Y,,Yj YeTYe*> — 600Tr (YVYz*Yij ))) (27)
1
£Y,(— ot — by — 9 =amvan — 9% — 9—=miavs — 90t — 102+ 3T (Ya]) + Te(v¥)
v 20 1 20 BY \/m B \/E Y B 4 2 d ete
+3Te(v,y) ) + (1)) ) (28)

1

= 105 (5(— 243077 Y,Y, — 24363, YT Y'Y, — 342V 1008y 95 Y VY,
— 144093 Y, Y, — 342V10019y Y. Y'Y, — 144065 g Y,/ Y'Y,
+45¢2Y 1YY, 4+ 120V, Y, Y, Y'Y, — 20V, Y, Y'Y 'Y, — 40V, Y Y, Y)Y,

—160Y, Y, Y, Y'Y, + 560Y, Y, Y.L Y'Y, — S0V YV, YV, + 220V Y, YTV} Y,
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By

(2)
Yy

+300Y7Y Y, Tr (Ydef ) +100YTY Y, Tr (YEYJ> +300Y7Y Y, T (YUYJ)

+3Y,Y}Y, (93g§ +93¢%y + 781095y g5 + 4809% + 78V10g1 gy 5 + 480¢3 5 + 22593 + 320X\
— 180Tx (Ydyj ) — 60Tx (Yeyg ) — 180Tr (YUYJ ) — 60Tr (YVYJ ))

+100Y7 Y'Y, Tr (YVYJ)

_ 32YVYx*Yx( — 15093 — 15092 5 + 15Tr<YxYx*) —20\s + 9V10g1gy 5 + 9\/EgBygB))

+2Y, (105911 +210¢7 9By + 10595y + 756V 10g7gpy 95 + 756v/10g%y g5 + 280591 g%

+ 1198593y 9% + 75901095y g% + 29250g% + 7567/ 1063 gy 5 + 7567109193y 9y 5

+ 183609195y 989y B + 7590vV1091 95,9y B + 1198593 6% 55 + 280593y 9% 5 + 7590V 1098y 9BG5 5
+ 585009395 5 + 7590V 109163 5 + 292509y 5 — 2709795 — 27098y g5 + 135V 1098y 995
+2025¢%92 + 135V10g1 9y Bg> + 2025¢% pg2 — 1150g5 + 120072 4 1002

+ 25( —2v10g19y 5 — 2V10gBygp + 5(32g§ +49% + 4955 + 995) + 597 + 59129Y>Tf (YdeT)
+75 (5 (49%3 +4g5 p + 93) + 597 + 595y + 6V10g19v 5 + 6\/EQBYQB)TT (YeYeT)

+ 42562 Ty (YuYJ ) + 42503, Tt (Yuyj ) +250v/10g 5y g5 Tr (YUYJ ) + 5009?31}(1@1@* )
+250v/10g1 gy 5 Tr (YuYJ ) + 50092 ;T (YUYJ ) 112562 Tr (YuYJ ) + 4000¢2 T (YUYJ)

+ 75ngr(YVYJ ) + 75g%,»yTr(YVYJ ) +150v10g5y g5 Tr (YVYJ ) n 1500g%Tr(YyYJ)
+150v/10g1gy 5 Tr (Y, Y} ) + 150003 5 Tr (Y, V)1 ) + 87563 T (Y, v, ) = 1350 (vay vav])

+ 300Tr(YdYJ Y, Y] ) — 450Tx (Yeyj Y.Y} ) - 1350Tr(YuYJ Y,V ) — 450Tx (Y,,Yj Y, Y )

+100Tx (YVYJ YeTYe*) — 600Tr (YVYT*YJCYJ ))) (29)
3

_ 3y i

- ( YY1V, +Y,Y] Yd)

17 , 17 5 5 9

+Ya( - 5091 ~ 5By — \ggsygg — 95— \/ggngB ~g¥p — 79 — 893 + 3T (Yar]) + Tr(vov)

+3Te (Vv ) + (1)) ) (30)
1

— o (20(11yuyj YV ive—av, vivylve +ev,vivyly, - vyfvey) Yu)

+Y,YY, (223g% +2239%y + 50V 10gpy g5 + 160g% 4+ 50710919y g + 16093 5 + 67593 + 128093 + 960\
- 540Tr(Yde ) — 180Tr (YeYJ ) — 540Tx (YUYJ ) - 180Tr(Yl,YJ ))

—Y,Y]Y, (43gf +43¢%y + 14V10gBy g5 + 160g% + 14v/10g, gy p + 16093 5 — 4593 + 128042
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3.4

- 300Tr(Yde ) — 100Tx (YeYJ ) — 300Tx (YUYJ ) - 100Tr(y,,yj )))

1
+ @Yu (1187g;L + 237497 g%y + 11879y + 2008V10g7gny g5 + 2008V 1093y g5 + 4095797,
+ 162759%y 9% + 66501098y g% + 1015095 + 2008v10g3 gy 5 + 2008V1091 9%y gy B

+ 243609195y 959y B + 665071091939y B + 162759262 5 + 409593y g2 55 + 665071095y 9592 5
+ 203009393 5 + 6650v/10g1 65 5 + 10150g% 5 — 270¢2¢3 — 2709%y g2 + 405v/10g By 993

+ 6759395 +405v10g19v Bg5 + 67593 g5 — 345095 + 7609793 + 7609y 93

— 400\@93}/939% - 8009,239% - 400\@9193/395 - 800912/393% + 54009%9:%

— 64800g3 + 36002 4 3003

+ 75( —2V10g19y 5 — 21095y g5 + 5(329;% +49% + 495 + 993) + 597 + 59123Y>Tr(YdeT)
+225 (5 (49129 +4g3 5 + g%) + 597 + 595y + 6V10g19v 5 + GMQBYQB)TY (YeYeT>

+ 1275g§Tr<YuYJ ) v 12759,23YTr(YuYJ ) +750v/10gy g5 Tr (YUYJ ) + 150092 Tr (YuYJ)
+750v/10g1 gy 5 Tr (YuYJ ) + 15OOg§,BT‘r(Yqu ) + 33752 Tr (YuYJ ) + 1200092 Tt (YuYJ)

+ 225¢2Tr (Y,,Yj ) + 22502, Tt (YVYJ ) + 450V 10g 5y g5 Tr (Y,,Yj ) + 450093 Tr (YVYJ)
+450v/10g gy T (Y,,Yj ) + 450092 5 Tr (Y,,YJ ) 112562 T (YVYVT ) — 4050Tr (YdeT YY) )
+ 900Tr(YdYJ Y,V ) — 1350Tr (Yng Y.Y} ) — 4050Tr (YuYJ Yuyj) ~1350Tr (Y,,YJYVYJ)

+300Te (Y, ¥, V.Y ) = 1800T (¥, Y, VY ))

Scalar Mass Terms

L) = —4((2)\2 +9¢% + 993/3);/ + Aapz — u’ﬂ(yxyx*))

24 24
B = +369%y ghhz + 120198y 989y BH2 + 3603 9% g2 — =¥ a2 — = ghy Aspiz — 2403 st

B

5 5
— 83 + %géyg?gu’ +96V10gy g + 1512954 + %g’f’gigu’ + 18009395 pi'
+96V109195 g’ + 15129y g’ — 38493 Ao’ — 38495 phap’ — 40034 — 2251/

+ 24\gu0Tr (YdeT ) + 8>\3u2Tr(Y;YJ> + 24 A0 Tr (Yqu ) 4 80Tt (YVYJ)

+ 30g% 4/ T (YJ;) + 3092 /T (YmY;) + 3220/ T (YJ;) - 12M’Tr<YVYZ*Yij>
- 24M’Tr(YxYI*YIYI*)

9 9 9
() = — 5 ie — <o hyia — Sg3ne — 120 — 2’ + 6z Tr (YdeT) + 2Ty (YeYj)
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B

(2)

H2

+ 6o Tr (YUYJ ) + 2p2Tr(Y,,Yj)

1671 81 1671 2 . 153 2
= ergilw + 40959%3)/#2 + mgéyﬂz + 12\/;9%%3#2 + TOQQBYQJQB,UQ + 12\/;!}?93/3#2
153 9 9 145 72 72
+ ﬁgfg%uz -+ ggfgguz + gg%ygguz — Egéuz - ggfkluz — gg%;f)\luz

— 725 1 p2 — 60ATp2 — Ao + 189By g + 369198y 989y BI + 189195 g1’ — 969531t/
— 9695 pAap’ — 4N

1
+3 (1609;% 42002 + 2002 5 + 2881 — 210919y 5 — 2V109By g5 + 4562 + 5g° + 5g]23y)u2Tr(YdeT )
3
t1 (209129 +20g3 5 + 32\ + 597 + 595 + 595y + 6V10g19y B + 6V IOQBYQB)M2TY (YéKj)
+E2TYYT 17 2 Tr (Y, V! 5§ T (Y, V) + 502 u.Tr (Y, V!
491#'2 r{ Xy, +4gBY:u2 r{Y,Y, |+ 29BY9BM2 r{ Yy Y, | +o9Bu2 uly,

45

5 .
+ 5\/gglgy3u2Tr (YuYJ) + SQ%B,ugTr (YUYJ) + ngugTr (YuYuT> + 4Og§u2Tr (YuYJ)

3 3 . 5
+ 72A1u2Tr(YuYJ> + ngugTr<Yl,Yj> + Lohy e Tr (Y,,YJ) + 3\£gBygBu2Tr(YVYJ)
2 t 5 t 2 £) 4 19 2 t
+ 15¢3 s T (YDYV> +3 5glgyjsmTr(YJV) + 1562 puaTr (YVYD) + g3 (YVYV)
27
+ 20T (VX)) + 82 T (V217 ) = ShTr (vavivar]) = 21mm (vavivayy)
9 27 9
- §,uQTr(YeYeTYeYJ> - ST (YuYJ Y, v} ) - ilLLgTI‘(YVYVT Y, v} ) - 7u2Tr<YVYJ Yij)

- 6u2Tr(Yny*YTYj )

3.5 Vacuum expectation values

B

B

v

v

20

1
() =~y (gg% + 992y + 4562 + 3¢2Xi + 394y Xi + 15¢2Xi — 60Tr (YdeT ) — 20Tr (YeYj ) — 60Tr (YuYJ )

- 20Tr(Yl,Yj)>

1
() = —oo( —1293g1 — 54g3g%, — 1293ghy — 960V 103y g1 — 61200By g% — 960V106 gy 1

800
— 61209792 5 — 2709292 — 270g%y g2 + 677595 — 4800\ — 400A2 + 18¢1Xi + 3697 g%y Xi

+ 18¢%y Xi 4 18092 g2Xi + 180g%y 92 Xi + 22503 Xi + 18¢1Xi? + 3692 g%y Xi? + 18¢y Xi? + 18092 g2Xi?
+ 180g%y g5 Xi® — 45095 Xi®

—20( — 10v10g5y 95 — 10V 10919y 5 + g7 (18Xi + 25) + gy (18Xi + 25)

+ 5(1GOg§ +18¢2Xi + 2003 + 2092 5 + 4595))Tr(Yde)

17



~ 60(30V10019v 5 + 30V 1095y g1 + 5(209% + 2063, + 63 (2Xi +5) ) + g7 (2Xi + 25) + gy (2Xi + 25) ) T (Vv )
- 1700ngr<YuYuT> - 17OOg%YTr<YuYJ) - 1000\/EgBYgBTr(YuYJ)

- 2000923Tr(YuYJ) - 1000\/EgngBTr(YuYJ ) — 2000g2 BTr(YuYJ )

— 45003 Tr (YuYJ ) — 16000g2Tr (YUYJ ) - 3609%X1Tr(yuyj ) — 360g%y XiTr (YuYJ )

— 1800g2XiTr (YuYJ) — 300¢2Tr (YVYJ) 30092, Tr (YVYJ> — 600v/10g5y g5 Tr (YVYVT)

— 6000g2 T (Y,,Yj) — 600v/10g, gy BTT(YZ,YJ ) — 6000g2 T (Y,,YJ )

— 150093 Tr (YVYJ ) - 12Og§XiTr(YVYJ ) - 1209?3YX1T1«(Y,,YJ ) — 600g2XiTr (YVYJ )

+ 5400Tr (YdeT YY) ) — 1200Tr (YdYJ Y,Y] ) + 1800Tr (Yeyjyeyj ) + 5400Tr (YUYJ Y, v} )

+1800Tx (YVYJ Y, v} ) — 400Tx <Y,,YJ YTY) + 2400Tx (Y,,Yw* Y,V )) (37)
B = —QxTr(YIY;) (38)
B2 = —x( - 12Tr(YxYx*YxY;) + 15(9?3 + g%,B)Tr (YmY;) FANE - 6Tr<YVY;YxYJ ) + Ag) (39)

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

B, Vo
Wi, =277 Z, (40)
VBp ({m}) z,
W W=
W2p Wp
(42)
The mixing matrices are parametrized by
cos Oy —cosO 1y sinOy  sin Oy sin O’y
7747 sinOw  cos Oy cosO'yr — cos Oy sin Oy (43)
0 sin O’y cos O’y
1 1
w o _ V2 V2
- ( N ) (14
V2 V2

18



(45)

4.2 Rotations in Mass sector for eigenstates ’EWSB’
4.2.1 Mass Matrices for Scalars
e Mass matrix for Higgs, Basis: (phiH, phiB), (phiH, phiB)

m2 — —3)\11}2 — %/\31‘2 + U2 — A3V (46)
h — 30T 322 — %)\302 +u
This matrix is diagonalized by Z: 4
ZTm3 71t = i (47)
with
phil =Y " Z/1h;, phiB = > Zh; (48)
J J
e Mass matrix for Pseudo-Scalar Higgs, Basis: (sigmaH, sigmaB), (sigmaH, sigmaB)
1 2 2
—5A32° — AMv° + s 0
2 2 2 2/ rpt
m = +§Zm Z —|—§me Z 49
2 < ) L a4 (2) (') (19)
Gauge fixing contributions:
m2(§Z) _ ( MsigmaHsigmaH  sigmaBsigmaH > (50)
MsigmaHsigmaB  MlsigmaBsigmaB
1 2 / . : / 2
MsigmaHsigmaH — ZU (COS © W (gl Sin @W + g2 cos GW) — gBy sin ) W) (51)
MgigmaHsigmaB = v:z:(cos O'w <g1 sin Oy + g cos ®W> — gy sin @’W) ( — gpsin @'y + gy cos Oy sin ®W>
(52)
2
MsigmaBsigmaB = 427 ( — gpsin®'w + gy cos Oy sin 9w) (53)
m2 (le) _ ( MsigmaHsigmaH  "MlsigmaBsigmaH > (54)
MsigmaHsigmaB  "MlsigmaBsigmaB
1 . . 2
MsigmaHsigmaH = 102 ((91 sin ©w + g2 cos @W> sin ©'y + gpy cos @/W) (55)

MsigmaHsigmaB = VT (gB cos O’y + gy g sin Oy sin @’W> <<g1 sin Oy + go cos @W> sin O’y + gpy cos @’W)
(56)
MsigmaBsigmaB — 41’2 <gB COS GIW +9vB sin G)W sin @/W> (57)
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This matrix is diagonalized by Z4: 4
ZA7n?4hZA’Jr = mgfjh

with

sigmaH = Z ZjAlAh_,j , sigmaB = Z Z]-AQAhJ-
J J

4.2.2 Mass Matrices for Fermions

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

myg = ( %v(SalledT )
This matrix is diagonalized by U‘Li and U}é
UL maUgt = mdie
with

d,*
dria = E U ;iDL ja
to

d
dR,ia = E UR,ijD?z,ja

t2

e Mass matrix for Up-Quarks, Basis: (up q, ), (u}‘%ﬁl)

My, = ( %UéalﬁlyuT )
This matrix is diagonalized by U} and Ug
UL m, Ut = mdia
with

u,*
UL jo = E UL iUL ja

to

_ (7 *
URioe = E UR,ijUR,ja

ta
o Mass matrix for Leptons, Basis: (er), (e})
_( 1.yT
Me = ( Eer )
This matrix is diagonalized by U7 and Uj

dia

e, rred _
U, "mUg" = myg
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with

e,*
€L = E UL,jiEL-,j
to

_ e *
€R;i = Z UrijER,;

to

e Mass matrix for Neutrinos, Basis: (VL,conj (vR)) , (VL,conj (VR))

1
m, — 0 %’UYI/
%UYVT ﬂzYm

This matrix is diagonalized by UV :

with

UV,*

Z UV*VL( th}) :

5 Vacuum Expectation Values

1
H® = —phiH
vttt
BiD = %phiB +
6 Tadpole Equations
oV
OphiH
oV
OphiB

my UV,’[ _ mZm,

(gtl}) Z com(VL({th}))

1
V+1—

1

— sigmaH
V2 V2 &

! +‘1 igmaB
—X 7—=Ss1gma
V2 V2 &

1
= —\v° + v< — 5)\3372 + /,1,2)

1
= ( — 5)\31)2 + //)3: — Xz

7 Particle content for eigenstates ’EWSB’

Name Type complex/real  Generations Indices
H- Scalar complex 1

h Scalar real generation, 2
Ay Scalar real generation, 2
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Fermion Dirac 3 generation, 3, color, 3
U Fermion Dirac 3 generation, 3, color, 3
e Fermion Dirac 3 generation, 3
v Fermion Majorana 6 generation, 6
g Vector real 1 color, 8, lorentz, 4
¥ Vector real 1 lorentz, 4
Z Vector real 1 lorentz, 4
A Vector real 1 lorentz, 4
W= Vector complex 1 lorentz, 4
n¢ Ghost real 1 color, 8
nY Ghost real 1
n? Ghost real 1
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 1 1
Mo (0?) = +2( = 51MS + Bo(2,0,0) )15 T +4( = 5xMS + Bo (7, 0,m%) )T, T, +2( — 57MS + Bo (52,7

1 1
+4(—§rMS+Bo<p2,0,mQZ,))F;; R +4(—erS+BO<p2,mQZ7m2Z/))Fh 2T Z,Z+2(—erS+1
+Bo(p2,m§1 M- )FZ - Yh e H- +4(—*1“MS+BO(ZD Miy - Miy - ))F;kz ww-Lh, W w-
— Bo (p2,m727,,m *)Fﬁm—*m*Fﬁm—*m* —Bo (p ’m727+’mfﬁ)Fﬁi,n}m*F’Vw,n—*nﬁ

2
n
200 5 LT — 2By (p?,m?,,m2, \T; 5 ,T. 5
nZ )% hinZ mZ" hjn?nZ olp nZs Wz’ |2 R nZ mZ " hyn?'

)1 z

)1
- B p2m2/m2/l~ 2 ol o — Ag(m3 o )1
0 y Mz s My 2 him? mZ " hym? n? 0 H— )+ hy,hy , H=* H—

+205 - Thowe - Fo (pQ, m%_, m%v,) + AT, e ( - §rMSm%V, + A (m%V,))

2
1 1 1
+ QFBi,fzj,Z,Z( - §I‘MSTTL2Z + AQ (m%)) + QFBi,;lj,Z,,Z/ ( - §rMSm2Z, + AO (m%,)) — 5 Z AO (mih,a)rhiyhj»Ah,a1Ah,n
a=1
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1 - 2 1 - - 2 2 2 *
9 Z Ao (mha>1—‘hi7ﬁj7ha7ha + 9 Z Z Bo (p 1TV A o mAh,b)FhJ,Ah a Ap, brhiyA}L,a;Ah,b
a=1 a=1b=1
1 & & 2 2 2 *
+ 5 ZZBO (p ’mhu’mhb)rim,hmhbrhivhmhb

a=1b=1

Lx R Rx L
szd ZBO(p md 7mdb>mdb (Fh da,dbrhi,cfa,db +Fh,.,uia,dbrhi,cia,db>
a=1

2 2 2 Lx L Rx R
+3 Z Z Go (p M, s mdb) (Fﬁjda,dbrhiﬂa,db + th,da,dbrhi,cimdb)
a=1b=1

Lx R Rx L
2 Z mea Z BO (p me 7m )meh (Fh7,6a,6b]'—‘il7’,,éa,6b + Pﬁ_j,éa,ebrhi,éa,,eb>
a=1

3 3

Lx L Rx* R
+ Z Z GO (p mea meb> (th,ea,ebrﬁi,éa,eb + th,éa,ebrizi,éa,eb)
=1b=1
3 3
2 Lx R Rx* L
-6 Z Mu, Z Bo (p mu » My )m“b (Fﬁj,ﬂa,ubrhi,ﬁa,ub + Fizj,ﬂa,ubrhi,ﬂa,ub)
a=1 b=1
3
2 Lx L Rx* R
+3 Z Z Go (p m" ’m > (th,umubrﬁi,ﬁwub + thaaa7'ubrib'iaﬁa7ub)
a=1b=1
6 6
2 Lx R Rx* L
- Z Mva Z Bo (p mV 1My, )myb (thfyabeFiLigVa’Vb + F;ljgl’ayl’brﬁigl’ayl’b)
a=1 b=1
1 6
E Lx L Rx* R
+ 5 Z GO (p my ,m ) (thayaﬂ/brhiayaﬂ/b + F;Ljyyaﬂ/brﬁivyav’/b)
a=1b=1
2
+§ s I; Fy(p?, mA +§F Fy(p?,m% ,m2
Ry, Anp by Anps 0 ) Ah,b’ Z,Anb h ,Z,Ap 10 Apyr Mz
b=1
2 2 2
+ Zrh 2! Ap, bFﬁhZ/vAh,bFO (p ’mAh,b’mZ’> (79)

e Self-Energy for Pseudo-Scalar Higgs (4;)

2\ 2 2 2 o . _ . 2 2 2 o } _
Hz}j(p ) =—DBo (p ’mnfamy,f)FAhTi’nf,anAhﬁj,n—,n— By (P ’m'fl+’mn+)FAh,iv"]+:77+PAh,j77]+;77+
— Ag(m?2_ T ; + 2F I'; Fo(p? m2_. m?
0 H= )t Ap i Ap j,H=* H- Ap W H=-" Ay s, Wt H-0 pymyg—, My, -

1
+ 4T, 4w (- §rMsm€V, + Ag(miy-)) +204, 4, , 22— 5rMSmE + Ao(m}) )

2
1 2 2 1 2
+ QFAh,i,Ah,j,Z’7Z’ ( — irMSmZ/ + AO (mz,)) — 5 Z Ay (mAh,a)FAh,i,Ah,j,Ah,a,Ah,a
a=1
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2 2 2

1
2 o 2 2 2 % i
- 5 2 :AO (mha,)FAh,,'iyAh,jyha,yha, + z : § :BO (p L mAh,b)FAh johay A, bFAh,i»hn,7Ah,b

a=1 a=1b=1
3 3
2 2 2 Lx* R Rx* L
—6 Z Md, Z Bo (p M, mdb)mdb (FA;L j+da 7deAh,iad_a7db + FA;Lmd ;deAh,ianudb)
Lx* L Rx R
+3 Z Z GO (p md ’mdb) (FAh i dbPAh,mJaydb + FAh,,_j,Ja»dbPAh,i’liaydb)
a=1b=1

3 3
2 2 2 Lx R L
2 Z meg’ Z BO (p ) mea’ meb) meb (FA}L,jvéayebFAh,i7éa7eb + FAh N 7ea7€bFAh.'i7éa7eb>

3 3
z : 2 : Lx L Rx R
T Go (p me ’meb> (FAh ]yeaaebFAh i:€a€p + I‘Ah J:eaaebFAh 1"5“’65)
a=1b

=1
3 3
—6 Z My, Z BO (p2’ mia ’ mib)mub (Fi: j ,ua,ubrghyi,ﬁmub + F,Iz:j,ﬁa,ubrih,i,ﬂa,ub)
a= _
3 3
+3 Z Z GO (p2 m“ 7m ) (Fﬁz jilas ubrfih,iy'aa7ub + FAh ];uafufbl—‘gh,iyaayub)
a=1b=1

6
2 2 2 Lx* R Rx* L
o Z My, Z By (p 1My m’/b)m”b (FAh ]J/ayybrAh,ivVa»l/b FAh J7V07VbFAh,,i7Va,al’b)

6 6
1
- 2 2 Lx L R
+ 2 Z Z Go (p ’mVa’m ) (FAh,;ﬂ/a VbFAh,iﬂ/aﬂ/b + FAh J,l/meFAh,i,Va,Vb)

a=1b=1
2
* 2 2
S LY T O T thfJ(P My, ) ZFA; J,ZthAththO(p mhb’mZ)
b=1
2 2 2
ZFA} 2Ly Fo (P2 mi, m2 ) (80)

e Self-Energy for Down-Quarks (d)

S (2y ZZ 2 2 2 \pL+ R
Ez,j(p ) + By (p 7mdb’mha)ng,ha,dbmdbrgi,ha,db
a=1b=1

3 2
2 2 2 Lx* R
+ Z Md, Z Bo (p 1My mAh’b>Fd1,da1Ah bF!L,dmAh,b
a= b=1
3

3
16 1
Lx* R 2 2 Rx L
ZBO (p mub7mH )FdJ,H*,ubm“de?,H*,ub iy Z (— §rMS + By (p ’mdb70))Fcl:j,g,dbmdbrdli,g,db
b=1 b=1
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3
_ 4; ( — —1MS + By (p27 m3,, )) g"‘mdbmdbfimdb
: 1 2 Rx L
_4;_;( 5! MS+Bo(p ,m2,,m ’))Féj,wf,ubm“briﬁw—,ub
3
—a3 (= s+ Bo(p? w3 ) TR m TR
b=1
: 1 2 Rx L
_ 4; ( 5 rMS + By (p mdb’mZ’))Fjj,zxdbmdbréi,z/,dh (81)
PERE
Efj (p2) = 3 Zl ; B <p27 m?lb, m%“)rdlj;ha,dbrc%,ha,db
a—= —
Iy 2.2 2 R R
-5 ; bz:; By (p Mg, mA’hb)Fc@,da,Ah,bFJi,da,Ah,b
¢ 2 2 2 R R 4 5 o I .
5 (22, m ) o v -2 ;Bl (2,3, 0Tk TE
3 - 3 B
a Z B (p2, mdb ’ 0> FLJ*W dedL Y db Z B (p mub ’ mlz/v )FdLy*7W—7ubF§5,W—,Ub
b? =
- B (p{mﬁb»m%)Fg’Z a4 5 Z (p mdb’mZ')FdL*Z/,ded%,Z/,db (82)
T =
255(0%) = 52231 (p m3,,mp. >F§*ha7de‘§i7ha’db
a=1b=1
I~y 2,2 2 L L
2 ; ; o (p Mo A b)rdeda’Ah L dodu s
1y 2 2 2 Lx 9 4 3 5 9 Re R
T (p ,mub’mH_)ij’H”“bF‘iiaH’v% 3 ZBl (p ’mdb,o)rdjv%dbrd“g,db
b=1 b=1
3
- Z b (p2, mdb ’ 0) FR;*F/ dbrg7"/7db Z B (p mub ’ mW )Ffl%iW*,uth]i%,W*,uh
b? 3
-3 B (p mflb,mz>1“R*Z dbrgz,db - ZBl (p2’ m§b7m2z,)1“g;2/,dbr%z/7db (83)
b=1 b=1

e Self-Energy for Up-Quarks (u)
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2 3
S 2\ 2 2 2 Lx R
55,0%) =+ Bo (P vmubvmha)Fﬁj,ha,ubmwrﬁi,ha,ub

2 2 2 Lx* R
By (p » My, s mAh,b)Fﬁj7ua7Ah,bFai;ua7Ah,b

_|_
)
3
§

S I

3
1 *
—42 (_ 5 MS+BO(p25mub7 ))Fi,z,ubmmréi,z,ub
b=1
> 1
—4 ( — —rMS + BO( 27 ub7 m2Z’))F%*,Z’,ubmubréi,z’,ub
b=1
3
+ ZBO (p2amdb7 )Fﬁ % dbmdbrf’i,H *,dp
b=1
3
— 42 (— -1MS + By (]92 mdb»mw ))F* W dbmdb]‘—‘gl W,dy (84)
b=1

2 3
1
R Rx R
SRR = =5 303 B (P, md T, TR

a=1b=1
1 A 2 2 2 Rx R Lx L
9 Z Z By (p My mAh,b)Fﬁj,ua,Ah,bFéhua;Ah,b - Z By (p m%’ 0) FuJ7G7UbFﬁi,g,ub
a=1b=1
3
- Z Bl (p27 migﬂ O) Fé:,'y,ubréi,'y,ub - Z Bl <p2’ mib’ m2Z>F£]*,Z,ubF7%i,Z,ub
b=1 _
3
_ ZBl (pQ,mib7mZ,)Fu P Ml"éi’z/7ub — ZBl (p mdb,mH )F * *,de§7H_,*7db
b=1
3
— By (pzv m?ib ’ mlz/V_ )Fé;aW+,de§i,W+,dl; (85)
b=1
1 2 3
ZL;J(p2) = izzBl(p mUb7mh )FS; a,ubréi,ha,ub
a=1b=1
1 - 2 Lx L Rx R
- 5 Z Z Bl (p mu ) mAh b)Fﬁj,ua,Ahbeﬁi,ua,Ah)b Z Bl (p muba 0) Fu],g ub]‘—‘ﬁi,g,ub
a=1b=1

3 3
2 Rx R 2 2 2 Rx R
o Z Bl (p mub’ O) Fug s ubrﬁm%ub - Z Bl (p ’mub’ mz)rﬁ 4 “brﬁiazﬂib
b=1 b=1
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- E (7 erS+Bo(p2 mub,O)>F5J’g uhmubFéi’g’uh —4 E (f irMSJrBo(pz,mib,O))Fiw up M
b=1

b

L
Ui ,Y,Ub



3

3
j : 1
2 2 2 Rx* R L
B Bl(p ’m"b’mZ’)Pﬁj,Z’,ubFﬁi,Z’,ub 52 : (p mdbﬂmH )F- ’*,dhrﬁ“H*:*,db
b—1 b1
3
2 2 2 Rx* R
B ZBl (p ’mdb’mW*)FﬁpWﬂdeﬁmW*,db (86)
b=1

e Self-Energy for Leptons (e)

2 3
S 2\ _ 2 2 2 Lx R
7) =+ § E Bo (P 7mebvmm)Péj,ha,ebmebra,ha,eb
a=1 b=1
3

2
2 2 2 Lx R
Zmea Z BO (p ’m6a’ mAh,b)Féj,ea,Ah,bréiyea,Ah‘b
a=1 b=1

+

3 3
Rx* L Rx* L
B 42 ( - §rMS + BO (pQ’ ey ))Féﬂ'ﬁvebmebréiv’%@b —4 Z ( - §IMS + BO (p meb7 ))F Z ebmebréi,z,eb
b=1 b=1
3
- 42 ( - erS + Bo (p2 me, , mZ/))Fng',ebmebFé,zxeb
b=1
6
+ZBo(p2 ml’b’m ) éj, meFg-,H*,ub
b=1
6
4 (= oS + B iy ) EE - muTE e, (87)
b=1
1 2.3
E ) = =5 > > Bi(phmmi TR, L TE
a=1b=1

3 2
1
2 2 2 R« Lx
N 5 Z Z Bl (p My mAh,b)Féj,ea,Ah,bFel,ea,Ah b Z Bl (p meba 0) FeJ,'y,ebPeL,'y e

3
2 2 Lx L L
- § By (p Mgy, > T )F ZebFe“Z ep 2 :Bl (p meb’mZ’)Fe z' ebFéi7Z/7eb

2
Il
—
o
Il
-

b=1 b=1
1< 6
2 2 Rx R 2 2 2 Lx L
- 5231(10 My, My )F j,H= vy &, H - 2:31(1’ ’ml/b’mW*>Péj,W_,ubFéuW_7Vb (88)
b=1 b=1
1 2 3
L L
0% = -3 ZZBl (p m2, ,m3. )re e DL
a=1 b=1
1 3 2
} :2 : 2.2 2 L Z R R
- 5 B1 (p ) mea ) mAh,b)Féj7€a7Ah,bFeL;ea7Ah b Bl (p mSh’ )FEJ 777ebréi7775b
a=1 b=1
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3

Rx* R R
- E By (p mebva>FeJ,Z eb]‘—‘el,Zeb E :Bl (p meb’mZ’>Fe z’, ebréi,z',eb
b=1 b=1

6 6
1
2 2 2 Lx L 2 2 2 Rx R
9 § :Bl (p ’me’mH’)FépHTVbFéi,HTVb o ZBl (p ’me’mW*)FépWTVbFEuWTVb (89)
b=1 b=1

e Self-Energy for Neutrinos (v)

2 6
S 2 2 2 R
Zi,j(p ) :+ZZBU(p 7mubv )FV ha,uhmeFDi,ha,z/b
a=1b=1
6 2
L R
+ Z m’/a Z BO (p2’ mlz’a ? mih.b)F’)j}i’/a7Ah,bF’7i1Va7Ah,b
a=1 b=1
3
2 2 2 Lx R
+2% By (p s M, mH*)Fﬂj,H*’*,ebmebFf/i,H*a*,eb
b=1
> 1 6 1
-8 Z ( — §rMS + By (pz, mib, m%v ))FifWﬂebmebFi,Wﬂeb — 42 ( - irMS + By (pQ, myb, O))Ffj*%ub qum
b=1 b=1
o 1 0 1
—4) ( — M3 Bo (p m,,, mZ))Fu LAY PEEDY ( —y™MS B (pz’ my,, mQZ’))Fl{?jZ’,vbm%Fézxu
b=1 b=1
(90)
1 2 6
R 2 R R
Ei,j (r°) = ) Z Z B, (P mub) mh )Fu:hmubrm,hmub
a=1b=1
1 6 3
2 2 Rx R 2 2 2 Rx* R
- 5 Z Z By (p 1y My mAh b)FVJ:VaaAh,bFDhVa;Ah,b B Z By (p y Meys mH*)Ff/j,H*v* FV“ *.ep
a=1b=1 b=1
3
2 2 L 2 Lx L
-2 Z By (p 2 My, s mW )FV:W+76bF’/1 W+,ep Z By (p My, 0) FV] Vs Vbrﬂz‘,%l/b
b=1
6
2 2 Lx L 2 2 2 L L
- ZBl (p my,,m )F Zl/bFDi7Z7Vb - ZBl (p aml/bvmZ’)FD:,Z’,VbFDi,Z’,ub (91)
b=1 b=1
2 6
L 2 1 2 2 L L
Z 2,7 (p ) = _5 Z Z Bl (p 7muha mh )FV],ha,VbFDi,ha,Vb
a=1b=1
1 6 2
L L L
5 Z Z By (p mVa mAh b)FVJ*vVayAh,bFDmVaaAh.b Z B, (p mezﬂ mH )Fu H—~* FV“ * ey

1b=1

2
Il

2 2 Rx E Rx* R
B1 (p » Mgy, s mW )FVg w+ ebFV17W+ ey Bl (p me’ O)F i VbFf/i,%Vb

p“%w

<
Il

1
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6 6

7231 (p mub7mZ)Fu Zl/b]‘—\Z,Zl/b ZB1<p ml/bva/)Fu z' ubrfz Z' vy (92)
b=1 b=1

e Self-Energy for Charged Higgs (H™)

1 1
- +4|I‘H7,*’W7,7|2< STMS + Bo(p 0,m%_ )) +4|FH7,*’27W7|2( — 5TMS + By (pQ,miv,,mg)) 1] A
*Bo(pzam%ZamT27+)FH77n+ 2Ly nt.n? *BO(P m nZ's mgﬁ—)FHf’nJr’n’z'FH—,*’nﬁrmz’
— Do (pQ’mg]*’mg/Z>FHinZ,7f*FH‘**,n_Z,n‘ — Bo (p ’mn*’mfzz')FH*,HZ',W_*FH*=*,W_Z'7H*

- Ao(mH )FH e e e | B e Fo(p mi -, ) + |FH—v*,Z,H—|2F0(p2am§{77m22>
+ |FH7,*$Z/’H7|2F0 (pQ,miI_,mQZ,) +AT - g ow+ w- ( - §rMSm%,V_ + Ay (m%v_>)

1
+2FH*,H***,Z,Z( — erSmZ +A0<mz)) —+ QFH JH—*. 77 Zr(f §rMSmQZ/ + Ao(mzz/))

2
1
D) Z Ao <m124h,,Q>FH—,H—=*,Ah,a7Ah,a ZAO (mh )FH JH= % ha b
a=1
3 3

+ 322 (‘I‘ll%'f_"‘ﬂiaadb|2 + ‘FR_'*ﬂa,de)GO (pz’mizﬁm?lb)
a=1b=1
3 3

R Rx* L
—GZmuaZBo(p mua mdb>mdb(r ot ta,dy V= aady, TV 0,0, U 7’*717‘1*‘1*’)
6 3
3OS (e + e P )

6 3
2 2 2 Lx R Rx L
-2 E my, § Bo<p 7mua7meb>m€b (FH*Y*,Va,ebFH*’*,Va’eb +FH*’*,Va’ez)FH"*,Va,eb)
=1 b=1

a
2 2
2 2 2 2 2 2 2 2
+ E - 5 py | BO(P 7mH,7mhb) + E T w4, FO(P 7mAh,b7mW7)

1 b=1

3 Cr e P Fo (92, iy ) (93)

e Self-Energy for Z-Boson (Z)

I(p*) = +2/C 2w+ u-1*Bo (pQ,m%,Vf,quf) + 1Ty, ?Boo (p2>m,2,7,m7277) + Ty ot [*Boo (p27m727+,m727+)

— 4Ty g - |*Boo <p27 mi -, m%;—) + Ag (mH )Fz Z.H—= H~-
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\

1
— |FZ,W+,W*‘ (10B00 (p mW ,mW ) + 240 (m%v ) — 2rMS(2m12/V_ — gpz) + By (p2,m%,V_,m€V_> (Qm%,‘,_ +4p2>
1 ) 1 )
+ 9 Z Ao <mAh,,a>FZ12aAh,a7Ah,a + 5 Z Ao (mha)FZ,Z,ha,ha
a=1 a=1
2 2
—4 Z Z |FZ’ha*Ahvb |2BOO (p2’ mih,b’ m%a)

a=1b=1

+3ZZ[< vt % G a, )Ho(pz,mﬁa,mﬁb)

a=1b=1

+4Bo(p27m§ ,mzb)mdamdb%(f‘éd dbl“gda,db)}

3 3
+ZZ[( TS e+ 10, o, 2) Ho (92 2, mi2,)

/

a=1b=1
+ 4By (p?,m )meameb%(Féféa,ebrg,écueb)}
3 3
+3ZZ[( 0% 2+ 05 1, 2) Ho (52,2, mi2, )
a=1b—1
+ 4By (p2, )muamub@?(FZuQMngua’ub)}
1 5.6
+§ZZ [( TGl 105, 0 )H0<p2,m12,a,m,2jb)
a=1b—1
+4Bo<p27m >myaml/b§R(FZu VbFZua,ub):|

+Z|F2mhb| BO(p 0 mhb) +Z|Fzzm\ BO(p mZ7mhb) +Z|FZ N BO(P m%, mh,,)

+2MSmiy- Ty 7w w- — Ao (mwf) <4F1Z,Z,W+,W* +T% 2w+ w- + FZ,Z,WJr,W*) (94)

e Self-Energy for Z’-Boson (Z')

%) = 4210z Bo (07 miy -y ) 00y PBoo (073 mi ) 1001y P Boo (073 3 )
— 4Tz - - " Boo (p27m%q— : m%p) + Ao (mH >FZ/ 2/ H—> H-

1
- |FZ/’W+’W7\ (10B00 (p mW ,mW ) + 24, (mW ) — 2rMS(2m%V_ — gpz) + By (pQ,m%,V_,m‘Z/V_> (2m‘2,v_ +4p2>

2 2
1 2 1 2
T3 ; Ao (mAh,a)FZxZ’,Ah,a,Ah,a +t3 az_:l Ao (th)FZ’,Z’,hmha

2 2
2 2 2 2
—4 E E |]‘—‘Z,7ha»Ah‘b| Boo (p vahwbvmh,,,)

a=1b=1
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3 3
+ 32 Z |:<|FL/,Ja’db|2 + |FR’7Ja,db|2)H0 (p27m3n,7m3b)

a=1 b=

1
2 2 2 Lx R
0(p ’mda’mdb)mdamdb%(FZ’,(ZH,,deZ/,Ja,db):|

3
Z [('FL’ €a, eb|2 + |FR’,éa,eb|2)H0 (an mza7mzb)

—

+
S
oy

i
HMw

a=1b=1
2 R
+ 4BO (p )meameb%(rzl €a, ebFZ/ ?a,eb)}
3 3
1333 [(m o2 0 ) Ho (22 2, )

a=1b=1

+ 4B, pzvmia’mib)mua,mub%(rz/ Uq UbFR/yﬂmub>:|

6 6
1 L 2 R 2 2 2 2
+ 5 ZZ |:<|F /»Vava| + |F /7Va7Vb‘ )HO (p 7muaamub>

a=1b=1
2 2 R
+ 430( mya>mub)mVame%(FZ’ Va, VbF ',Vaal’b>:|
2 2
2 2 2 § : 2 2 2 2 2 2 2 2
+Z|FZ/77*’”)| Bo(p ,O,mhb) —+ |FZ/,Z,hb‘ Bo(p 7TTLZ,TTZhb) +Z|FZ/7Z/,hb| Bo(p ,mZ,,mhb>
b=1 b=1 b=1

+2MSmiy T3 70 e w- — Ao (m%[,,) (4F12’,Z’,W+,W* + 1% 2w w- + FgZ’,Z’,WJr,W*) (95)

e Self-Energy for W-Boson (W)

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

a=1b=1
+4Bo<p 7mua m?lb)mdbmua%(FW+,ua)de‘I/%V+7qja)db)i| 4Z|FW+ H- An | Boo(p amAhba ) *42 Tw+ 1,
b=1
2
+ 4BO (p27m12/a7mgb)m€mea%<FW+ Vg ebrﬁvJﬂVmeb)} + Z ‘FW+’W7’hb|QBO (pZ’m%77mib) (96)
b=1

8.2 Tadpoles

67521) =+ Ay (m#)FEi’W: - Jer( )F - + Ag (m Z)Ffu,vfz,nz
1
+ AO (mizl)rhi7n217nzl ( ) —x H— + 4:[1]_747‘,,W+,W7 ( — §rMSm%V, + AO (m%}[/,))

2
1 1
+205, 20— rMSmZ + Ao (m )) 205, 2o (= 5MSm + Ao(md)) = 53 Ao(md, )T,
a=1
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2 3
1 2 2 L R
— 524 (mha>rhi,ha,ha +6) Ao (mda)mda (Fhi,(ia,da + Fizi,(ia,da)
a=1

a=1

3
+ 2 Z AO (mgﬂr)me"’ (FiLLi7éa7ea + FiLRiyéavea)
a=1

3 6
+6 Z Ag (mz)mu (Fi,amua + Filz,na,ua) + Z A (m?,ﬂ)mua (Ffmumya + PERWWQ) (97)
a=1 a=1
9 Interactions for eigenstates ’EWSB’
9.1 Three Scalar-Interaction
hi
/
/
/
/
/
Api =====~= {
\
\
\
\
\
An;
i(Z;‘}ZJAl (zAle};{ + Agxz,g) + 2424 (mzxz,g + Agvz,ffl)) (98)
hi
/
/
/
/
/
hi ====-- {
\
\
\
\
\
h;
Z(Zf; (Ang{ (UZ,?; + :cz,ﬁ) s (mﬂz,ﬁg + ASUZ,ﬁ))
+ 28 (N2 (028 + 0 2f2) + Zf (6302 ff + M2z} ) )) (99)
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i(zng + Az ZH ) (100)
9.2 Two Scalar-One Vector Boson-Interaction
Tu
Api =====- .
\
\
\
\
\
h;
1 )
3 ( — 4gy B cos @WZSZ}% — (91 cos Oy — go sin G)W)ZﬁZﬁ) ( — pz-f +pﬁl"”> (101)
Z,
Apj ------ .
\
\
\
\
\
h;
1 ’ . ’ . 1 Ar7H
3 (<g1 cos Oy sin Oy + go cos Oy cos O’y — gy sin © W) ZHZ 5
+ 4( — gpsin®’y + gy p cos Oy sin @W) ZSZ%) ( - pﬁj + pﬁh””) (102)
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z,

1
5( — ((91 sin Oy + go cos @W) sin ©'yw + gy cos @’W) ZﬁZﬁ

— 4(g3 cos O’y + gy p sin Oy sin @’W)Z;gzg) ( —pl +p (103)
Wil
Api =====- S
\\
\
-
1 A H™ Ani
§Q2Zi1( P, tDu” ) (104)
W,
Api =====-
X
\
H—*
1 A H—* Ani
59271 ( —Pp  thu ) (105)
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F— -
\\
\
-
1 - .
§g2Zg( —pf +pﬁl> (106)
Wi
(T ——
\
\\
H—*
) — )
- igng( — +pZ’) (107)
Tu
. *('f
\
\\
H—*
%(gl cos Ow + g2 sin@W)(—pfﬁ* —l—pﬁr) (108)
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—
\

\

H—*
%( — g1 cos Oy sin O + go cos Oy cos O’y + gy sin @’W) ( - pfﬁ* +pfff) (109)
z,
g -- *-/f
\
\\
H—*
‘ ; O / ™ H-
5((g1 sin Oy —ggcos@w> sin©®'y, + gpy cos © W><_pu +p, ) (110)
9.3 One Scalar-Two Vector Boson-Interaction
m
B ====m-
Yo
; 2
% (16g32,B:c cos O ZH 1 v (91 cos O — gosin @W) ZE) (g(m) (111)
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Yo

L (v <g1 cos O — g sin @W) (gl cos O’y sin O + g2 cos Ow cos O’y — gy sin @'W) zH

+ 829y3x( — 2gp cos O sin O’y + gy g cos Oy sin QG)W) Zg) (gau) (112)
Z'y
T
Yo
% (v <91 cos Oy — go sin @W) ((gl sin Oy + go cos @W) sin ©'y + gpy cos @'W)Zg
+ 8gy B (2g3 c0s Oy cos Oy + gy g sin 20y sin @’W) zH ) (g(,,,) (113)
W,
[T
W
S0zl (900 (114)
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; 2
% (v <91 cos O’y sin O 4 g9 cos Oy cos O’y — gy sin @’W) zH

2
+ 1635( — gpsin®’y + gy p cos Oy sin @W) Zg) <9<w) (115)
7,
[P
Zs

)
~ 3 (v (glgBy cos 9/124, sin O + g2 cos ©%, cos Oy sin Oy
+ cos Oy (gf sin ©%, — ngy) sin ©'w — g1gBy sin O sin 9"24,

+ go cos O (gl sin Oy sin 20’y + gpy cos @’%,V — gy sin @’;))Zﬁ

+ 82(29pgy B cos 0’2 sin Ow — 2gpgy B sin Oy sin o2 — g% sin 20"y,
w w — 9B

+ g% 5 sin ©%, sin 2@'W) Zg) (gg#> (116)

A

38



) .
— (v((gl sin Oy + go cos @W) sin ©'y + gy cos @'W)2Zf1[

2
/ . . 2
+ 162 (gB cos O’y + gy g sin Oy sin G’W) Zg) (gg#) (117)
Tu
H™ --—-
Wit
i o
591920 €08 W(gou) (118)
Zy,
H™ --—-
Wit
z @/ . . /
29211 g1 cos Oy sin Oy — gpy sin © W) (g(w> (119)
Z’M
H™ --—-
we
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- %ggv(gl sin Oy sin 'y + gy cos @’W) (gg#) (120)
W
H-* - -
Yo
— %glggv cos Oy <9cw) (121)
2y
H—* - -
W
%ggv (gl cos O’y sin Oy — gpy sin @’W> <9zw) (122)
Z'y
H—* - —a -
Ws
— %ggv (gl sin O sin 'y + gy cos @'W) (gg#) (123)
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9.4 Two Fermion-One Vector Boson-Interaction
v
Jia
djp
by 1=
29361]Aa1/j (7/1, 2 ) (124)
7 1+ s
+ _5936”)\1:3 (’yu o ) (125)
Tu
Jia
djp
! : L=
— ééaﬂéi]‘ ((ngg + g1> cos Oy — 3go sin @W> (% g ) (126)
s I+
t3 ( —gyB+ 91) cos Oy 6405 (% g ) (127)
Zy
Jia
djp
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7

1—
ééagéij ( — (293 + gBy) sin @'y + (29YB + gl) cos O’y sin Oy + 392 cos O cos @’W) (% . 275) (128)
‘ . . 1+
+ _ééaﬂdij (( —gpy + gB) sin @'y + ( — gy + gl) cos O’y sin @W) ('yu . 275) (129)
Z’M
Jia
djp
) .
— %5a55ij ((293 + gBy) cos Oy + ((2gy3 + gl) sin Oy + 3g9 cos @W) sin @'W> (7# . 2%) (130)
] . , 1+
+ 1(5@@(5”‘ (( —gB + gBy) cos @'y + ( —gyp + gl> sin Oy sin @/W) (fyﬂ . 75) (131)
3 2
Wi
az’a
djp
1 3 1—7
s - d,* u . — /5
¢ \/5926@,8 0; UL,jaUL,w, <7M 2 ) (132)
Wi
v;
€j
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o L (133)
- i\%ﬂ ; UL:jan‘g (’Yu : T)

T
€;
€
| i 1_%) (134)
151‘3‘ ((291/3 + 91) cos O + g sin @W> (% S
2 =) (135)
+ i(91 + gyg) cos O d;; (fyu 5
Zy
€;
€
l1—7 6
: e . Q' ( ) ) (13 )
157’ ((293 + gBy) sin©'y — (2gy3 + gl> cos O’y sin Oy, + go cos Oy cos W) Yu 5
+ —Z(Sz_] ((gl + gYB) [¢0)S] ('-':)/W sin @W — (gBY —+ QB> sin © W) (f}/ﬂ . 5
Z',
€;
€j
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) T
%&j ((293 + gBy) cos @'y + ((29YB + 91) sin Oy, — gs cos @W) sin @'W) (7M . 2’7 ) (138)
. . . / ’ 1 + 5
+ i6;5 ((91 + gYB> sin O sin Oy + (gBY + QB) cos © W) (’Yu : T) (139)
v
ﬁia
Ujp
) ~ 1-— Y5
— 5930205 (% — ) (140)
7 1+
+ —5930i50 5 (’Yu : 75) (141)
2 g 2
Tu
aia
Ujp
¢ : L=
— 65aﬁ51‘j ((QQYB + gl> cos O + 3g2 sin @W> (% g ) (142)
) 1+
+ —3 (291 + gy3> cos Ow dag0i; (’y# . T%) (143)
Wy
dia
Ujip
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3
. 1 * 1- 5
—igabap S UM U m( : 7) 144
ﬁQQ B ; L,jaY Lja\ Tu 2 ( )
Z,
ﬂia
Uujp
) 1_
— %5a55ij ((293 + gBy) sin ©'y — <2gYB + gl) cos O’y sin Oy + 3¢5 cos O cos @’W) (W . 275) (145)
) ’ . . / 1+’Y5
+ 55a55ij ((291 + gYB) cos @'y sin Oy — (293y + QB) sin © W) (’}/H . 5 ) (146)
z,
ﬁia
Ujp
. 1_
- %%lgéij ((293 + gBy) cos @'y + ((QQYB + gl) sin Oy — 392 cos @W) sin @’W) (,y# . 75) (147)
7 . . / / 1 + V5
+ —§5aﬂ5ij ((291 + gYB) sin Oy sin Oy + (293Y + QB) cos © W) (% i ) (148)
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. 3 3

7 " . " 1-—

5( — 2gy B cos Oy Z UiiaUka + <<2gys + 91) cos Oy — gosin @W) Z U U?ﬁ) (’m : 75) (149)
a=1

a=1 2
i > 2 1+7
+ —5( — 2gy B cos O Z Ui‘giaU}nga + ((QQYB + gl> cos Ow — g2 sin@w) Z UIZ’*U}Q (’yu . 75) (150)
a=1 a=1
Zy
Vi
Vj
) 3
-3 (( — (293 + gBy) sin @'y + (29YB + g1) cos O’y sin O 4 go cos O cos @’W) Z Uj‘fl’*Ui‘g
a=1
3 1
+ 2(93 sin ©'y — gy g cos ©'yy sin @W) Z U;g’ian‘g+a) (%& . 275) (151)
a=1
i 3
+ 3 (( — (293 + gBy) sin @'y + (QQYB + gl) cos O’y sin O 4 go cos Oy cos @’W) Z Ui‘g’*U}Z
a=1
3 14
+ 2(93 sin ©'y — gy g cos ©'yy sin @W) Z Ui‘g’jaU}g+a) (% : 275) (152)
a=1
7,
1z
Vj
; 3
3 (((293 + gBy) cos @'y + ((ngg + 91) sin Oy + go cos G)W> sin @’W) Z U;;’*Ui‘(j

a=1
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3

. . V,* 1- V5
—92 (gB cos O’y + gy g sin Oy sin @/W> (; Uj3’+an‘§+a) (% T ) (153)
; 3
+ 3 (((25]3 + gBy> cos Oy + ((QQYB + gl> sin Oy + g cos @W> sin G'W) Z U::’*UJ‘Z
a=1
3 14+
. . V., % 5
— 2(93 cos O’y + gy p sin Oy sin G)/W> (; Ui34aUX3+a) (’yu T ) (154)
W,
€;
Vj
JR— 1—
— i iy ( 75) 155
Z\/EQQ ; ja “~ Liia Y D) ( )
9.5 Two Fermion-One Scalar Boson-Interaction
Ap g
/
/
/
/
B /
dia $
djp
1 3 3 -
d,* d,* A — 5
ﬁ‘saﬁ Z UL,jb Z UR,mYd,abZkl ( 9 ) (156)
b=1 a=1
1 23 1+
* 5
+ ——=0ag Z Z Yd,abU}%,jaUg,in?l ( ) (157)
\/5 b=1a=1 2
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€j

3
1 e, 1—
GZUL 7bZUR ia eabZkl( ) ) (158)
b=1
1 3.3 1 4n
* > 5
T NG Z Z Ye,abUle%,jaUE,iné (T) (159)
b=1a=1
Ap
/
/
/
/
/
= /
Uiy
Ujs
1 3 11—~
U,k U,k 15
_ \ﬁéaﬂzUL,ijURmY abZ]?l( 5 ) (160)
L+
+ —= 05 Z Z u, abUR ,Jja lekzl ( 92 ) (161)

b=1a=1
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3 3 3
V,* A V% V,* A
( Z Uj3+b Z Ui YvavZi1 — Z Ui3+b Z Uja Yi,abZi1
b=1 a=1

b=1 a=1
3
1—
V% V,* V% 5
(Z J3+b Z U13+a x,ab + Z U13+b Z Uj3+a x ab) Zk2) ( 9 ) (162)
b=1 a=1
3 3
+ 25 (VU UE 2 + 30 SVl
b=1a=1 b=1a=1
3 3 3
* 1 + V5
(Z Z Yz 3+a 13+b + Z Z T,a 3+a ]3+b) Zk2> ( 92 ) (163)
b=1a=1 b=1a=1
I
/
/
/
/
B /
dia 4
djp
1 3 3 11—~
—i==0as Y UL Y Ui Yaw 2l (—57°) (164)
\/5 b=1 a=1 2
1 8 1+
. " 5
+ —i—=0ap Z Z Yd,abU}ia,jaUg,inﬁ ( ) (165)
\/i b=1a=1 2
H—*
/
7
ﬂia
djp
d,* — 75
_usaﬁZUij “ Y, ab( ) (166)
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3 3

1+
+ 15aﬁZZYd Ul aUE, zb( B ) (167)
b=1a=1
H—*
/
7
v
€;j
3
e,x* 17’75
Z 13+bZULJaY ( 9 ) (168)
b=1
3 3
L+
Z eabUR]a ib ( 2 ) (169)
hi
/
/
/
/
/
— /
€;
€j
iiUe* ZUe* Z ( 75) (170)
2: L]b_ Ryia* €,ab%k1 D)
3 3
1 * e e 1+’Y5
+ - QZZYe,abUR,jaUL,ibzlﬁ< 5 ) (171)

b=1a=1
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Wiy
U5
aﬂZU ZU}%; w2 (F52) (172)
aﬂzz bURjaULzbZkl( —;75) (173)
b=1a=1
H-
/
/
di ’/
U5
ZéaBZUZ;bZUgjaYdab( 275> (174)
a=1
_Zéaﬁzz u,a RjaUg7ib(HT%) (175)
b=1a=1
by
/
/
/
//
V; /
1%

o1



3 3 3
1 V,* V,x V,*
ﬁ ( Z U]3+b Z Ui Yo, Zi1 + Z Uiste Z Uja Yo, 21
b=1 a=1

b=1 a=1

3
(Z UJ3+b Z Uz‘gia z,ab T Z Uz‘gib Z UgYsjra z ab) Zk2) (1 _275>

(176)
b=1
] 3 3
NG (Z Z va UVU3+bZk1 + Z Z va UZZU]‘g+bZk1
b=1a=1 b=1 a=1
3.3 1+
* 5
(Z Z Yy abUjs4aUis i + Z Z watUissa ]3+b) Zk2> ( 5 ) (177)
b=1a=1 b=1a=1
-
/
/
f e
€
Vj
3 3 -
z’ZU}{;* ZUE{’;GYW( . ) (178)
& uv 1+
+ - ZZ bUL ia ]3+b< 9 ) (179)
b=1a=1
9.6 Three Vector Boson-Interaction
Gy
Gap
9p0
93fa,B.y (g,m< —pdr + p?;’”) + gpa( pler + pg‘*") + gou( 7+ pg”“)) (180)
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+
Wp
Yo
L wo WS W, ~ i
192 Sln@w(qu<—po + Po ) +gpa(_pu +p,f> +gO’}L(_ppU + Do )) (181)
Zy,
+
Wp
Wy
. ’ VA W;r W;r W W 7
— gz cos Ow cos O'w ( gpu| — 05" + 00" )+ Gpo | —Du’ +0p7 )+ Goul —pp 7 + 05" (182)
Z’M
+
Wp
Wy
. . ’ A W:r W;r W, w; 7!
ig2 cos Ow sin©'w ( gpu | — s * + Do + Gpo| =P’ + Py +Gou| —pp 7+, " (183)
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Four Scalar-Interaction

i(28 (N2 (2028 + 2578 + 23 (00223 + X221 )

+ 28 (2 (2028 + 285718 + 23 (oM 20 21k + X2 78) )) (184)

Ah,i Ah»j

i(z82 (20282l + 225 28) + 282 (20220528 + X2 211 ) (185)

H H-

’
\
\ /’
\
NG
/N

Api An,j

i<2)\12ﬁZjA1 + )\32{52;42) (186)
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i(28 (nazf (20828 + 20528 + 28 (602l 2l + Xz 211 )

+ 28 (N2 (2828 + 2328 + 28 (onm 28 2 + 22zl ) ))

(187)

(188)

4idy

(189)
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9.8 Two Scalar-Two Vector Boson-Interaction

Yo T

; 2
% (169%,3 cos @%VZ;%ZJ.AQ + (91 cos O — g2 sin @W) ZﬁZjAl) (g,w) (190)

ZIJ Tp

Ap i Apj

_L ((g1 cos O — gz sin @W) (g1 cos O’y sin O + go cos O cos O’y — gy sin @’W)ZﬁZﬁ

2
+ Sgy3< — 2gp cos Oy sin O’y + gy g cos Oy sin 2@W> Zi‘ngAQ) (gw) (191)
le/ Tp
AN
RN
’ \
’ \
’ \
’ \
Ah i Ah,j

%((gl cos Oy — go sin @W> ((gl sin Oy + go cos @W> sin ©'w + gpy cos @'W)Z{}Z]Al

+ 89y B (QgB cos Oy cos O’y + gy p sin 20y sin @’W) ZiéZj‘%) (gl“,> (192)
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7

SBZ425 (9 (193)

Z v Z#

Api Ap

- 2
%((gl cos O’y sin O 4 go cos Oy cos O’y — gy sin @'W) Z;?Zﬁ

2
+ 16( — gpsin®’y + gy p cos Oy sin @W) ZSZJ-AQ) (gw) (194)

Z/u ZN«

7
-3 ((glgBy cos @’iv sin Oy + g3 cos O3 cos O'yy sin O’y

+ cos Oy (gf sin 0%, — géy> sin ©'y — g1gpy sin O sin O'5,

o7



+ g2 cos Oy (gl sin O sin 20’y + gy cos @’124, — gpy sin @’%))Z{?Zﬁ
+ 8(QngYB cos @’?,V sin Oy — 2gpgy B sin O sin @’iv — g% sin 20"y

+ g% 5 sin ©F, sin 2®'W) Zi‘ngAQ) (g,w)

(195)

i 2
3 (((91 sin Oy + go cos @W) sin ©'y + gpy cos @'W) ZﬁZ]A1

2
+ 16(g,3 cos O’y + gy p sin Oy sin @’W) ZéZﬁ) (QW)

(196)

+
Yv W/L

1
— 59192 Cos OwZi (guu)

(197)

+
Z, v WM
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1
—g2(g1cos Oy sin O — gy sin©®'w ) ZA (g, 198
2 n

+
Z/I/ WM

1
- 592 (91 sin Oy sin ©'w + gy cos @/W> zZA (gm,> (199)

% T

1
59192 €08 Ow Z}) <gw) (200)

Z, W,

1
592( — g1 cos Oy sin Oy + gy sin @’W) Z4 (g,“,> (201)
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(202)

Yo T

2
(16932/3 cos @%VZng + (91 cos Oy — gosin @W) ZgZﬁ) (gw,)

N | .

(203)

ZV fyH

— %((gl cos Oy — g sin G)W) (91 cos O’y sin Oy + g2 cos O cos O’y — gy sin @’W)ZgZﬁ

+ SQYB( — 2gp cos Oy sin O’y + gy g cos Oy sin 2@W)Zgzg) (gw)

(204)
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)
3 ((91 cos Oy — go sin ®W> ((gl sin Oy + go cos @W) sin ©'yw + gpy cos @’W)ZgZﬁ

+ 89y B (293 cos O cos O’y + gy p sin 20y sin @’W) Zng) (g#,,> (205)

W, wr

v

1

59321 21 (91 (206)

Zl/ Z#

q 2
3 ((91 cos O’y sin Oy + go cos O cos O’y — gpy sin G'W) ZgZﬁ

2
+ 16( — gpsin®yy + gy p cos Oy sin @W) zH Zg) (gW> (207)
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— % ((glgBy cos @’%,V sin Oy + g3 cos ©F; cos 'y sin 'y

+cosO'w (gf sin ©%, — g%y) sin ©'y — g1gpy sin O sin O'%,
+ g cos Oy <91 sin O sin 20’y + gpy cos @’%/V — gpy sin 9"24,))25[2;{

+8 (2ngy3 cos 6'%,;/ sin Oy — 2gBgy B sin Oy sin @’%,V — 9% 5in 20"y

+ g% sin O sin20'w ) ZE 215 ) (g, ) (208)
z', Z'
/7 \
/ \
/ \
/ \
/ \
/ \
hi hy

; 2
i (((91 sin Oy + g cos @W) sin ©'yw + gpy cos @'W) ZgZﬁ

2
2
+ 16(93 cos O’y + gy B sin Oy sin G'W) ZgZ]g) (gm,) (209)
Tv W/j_
N
A 8
Y \
Y \
h; H-
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1

59192 C0S OwZi (g/w)

(210)

Z, Wit

292 (gl cos O’y sin Oy — gpy sin @’W) zH (gu,,)

(211)

+
Z/I/ WM

2

— 3gg (91 sin Oy sin O’y + gpy cos @’W> zH (guu>

(212)

W, Vo

i
~ 59192 €0 OwZi (guu)

(213)
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7
592 (91 cos O’y sin Oy — gpy sin @'W>Z,£I (gm,) (214)

z', W

- 592 (g1 sin Oy sin O’y + gpy cos @’W> zH (9;w> (215)

Yv T

% <91 cos O + go sin @W)2 (gW> (216)
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/ \\
H- H
%(gl cos O + go sin @W) ( — g1 cos Oy sin Oy + go cos Oy cos O’y + gpy sin @’W) (glw> (217)
Z/l/ T
e RN
/ N
H- H*
% (g1 cos O + gs sin @W> ((gl sin Oy — gs cos @W> sin ©'y + gpy cos @’W) (glw) (218)
W; W;f
e RN
/ N
H- H
i g
592 (guu) (219)
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A \\
/ N
H- H—*
i / : / . / 2
3 ( — g1 ¢os Oy sin O + g2 cos O cos O’y + gpy sin © W) (%w) (220)
Z/V ZN
a
/ \\
H- H—*

? 2 . .
= ( — g19By €08 @'y sin Oy — g3 cos ©F; cos Oy sin Oy

2
+ cos @'W< — g3sinOF, + géy) sin ©'w + g1gBy sin Oy sin @’?,V
+ g2 cos Oy (91 sin O sin 20y + gpy cos 0’2 — gpy sin @’iv)) (gW) (221)
le/ Z/N
v
/ \\
H- H*
7: . . ! ! 2
3 ((91 sin Oy — g9 cos ®W> sin ©'w + gy cos © W) (gw> (222)

66



9.9

Four Vector Boson-Interaction

gsv Gyp
Gap 9po
8 8
- igg ( Z fa,&,afﬁ,’y,a + Z foz;y,afﬁ.,é,a) (gpag;w) (223)
a=1 a=1
8
+ Zg?z,( - Z foz,ﬁ,af'y,é,a + Z fa,é,afﬁ,’y.,a) (gp,ugou) (224)
a=1 a=1
8 8
+ ig?z, ( Z fa,'y,afﬁ,é,a + Z foz,ﬁ,af’y,&,a) (gpugo,u) (225)
a=1 a=1
W, Th
W;F Yo
g3 sin ©F 226
tgo SIN Oy, gpaguu ( )
+ ig3 sin Ofy (gp#gw) (227)
+ —2ig3 sin O, (gpugm) (228)
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+ v
W o

igs cos Oy cos O©'yy sin Oy (gpo.g,w) (229)
+ —ig2 cos Oy sin 20y, (gpugg,,> (230)
+ ig3 cos Oy cos Oy sin Oy (gpl/gau) (231)

AD W,
Yo
W,

— ig3 cos Oy sin Oy sin Oy (gpggu,,) (232)

+ ig2 sin 20y sin O'yy (gpuggu) (233)

+ —ig2 cos Oy sin Oy sin Oy (gpyg,w) (234)

W, WM—
W;r W+
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2ig5 (gpggw) (235)
+ _igg (gpugau) (236)
+ —igh (gpugm) (237)
Zl/ Z#
wr W,
~ 2ig3 cos OF cos Oy (gpag,w) (238)
+ ig3 cos O cos O, (gpugw) (239)
- ighcos &% 00503 (et (210
Z/u ZN«
W, W
igs cos ©% sin 20y (gpagw) (241)
+ —ig3 cos ©%, cos Oy sin Oy (gpugw) (242)
+ —ig2 cos ©%, cos Oy sin Oy (gpygw> (243)
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wr %
— 2ig2 cos %, sin 0%, (gpa g,,,y) (244)
+ ig2 cos ©2, sinO'% (g,wgm,) (245)
+ ig2 cos ©F, sin 0’3, (gpl,gg#> (246)

9.10 Two Ghosts-One Vector Boson-Interaction

Gy
ng -
ng
nS
gsfos0 (P ) (247)
W
,,71 .- -
-
igs sin O (pz”) (248)
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fr]"!‘ . 4. .
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— 1go sin Oy (pzw) (249)
T
771 - C
>
n-
— igo sin O (p:f) (250)
Zp
771 S
3
-
— igs cos Oy cos Oy (pz_) (251)
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z,

igo cos Oy sin O’y (p:f ) (252)
Wil
77_’7 .-y - ]
>
n-
igo sin Oy (pzf) (253)
Wit
7]72 i
>
-
ig2 cos Oy cos Oy (pz_) (254)
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— igy cos Oy sin O’y (pzf) (255)
T
777"" . 4. . .
»
nt
igo sin O (pZJr) (256)
Wu_
v S
»
nt
— igo sin Oy (pz+> (257)
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nt
— iga cos Oy cos Oy (p:f) (258)
Wi
,er/ - - O
>
nt
ig2 cos O sin Oy (pf) (259)
Zp
,'73,- - C
>
nt
(260)

igo cos Oy cos Oy (pZJr)

74



z,

fr]"!‘ . 4. . .
|3
nt
— igy cos Oy sin O’y (pz+> (261)
Wi
7’]1 .- -
n?
iga cos Oy cos Oy (pZZ> (262)
+
wy
'rlq‘ . 4. .
n?
— igo cos Oy cos Oy (pzz) (263)
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z!

— igy cos Oy sin O’y (pZZ,) (264)
W,
777"" . 4. .
. v
ig2 cos Oy sin Oy (pZZ/) (265)
9.11 Two Ghosts-One Scalar-Interaction
Ap i
/
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N /
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>
0
1, A
zgzvfwf Zia (266)
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- Zgzvfwf Zia (267)
hi,
/
/
/
/
/
n? -
’77’7

ifz (v (91 cos Oy — g sin @W) (g1 cos O’y sin O + go cos O cos O’y — gy sin @’W) zH

+ 89y3x( — 2gp cos Oy sin O’y + gy g cos Oy sin 2@W)Z,g) (268)
D,
/
/
/
/
/
77’2/ - -
’77’7

— ifzz (v (g1 cos O — g sin @W) ((91 sin Oy + g cos @W) sin ©'y + gy cos @’W)Z,ﬁ

+ 8gy BT (293 cos Oy cos O’y + gy B sin 20y sin @’W> Z,g) (269)
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.777

iggvﬁwf (91 cos O + g2 sin @W) (270)
H—*
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_ //
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’777
%gg’l}gw— (91 cos Oy + g2 sin @W) (271)
D
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/
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-
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- %ggvﬁz (91 cos O’y sin O + go cos O cos O’y — gy sin @'W> (273)
H—*
//
_ /
nZ’ .- - /.
»
-
%ggvng ((91 sin Ow + g cos @W> sin ©'y + gpy cos @’W) (274)
hy
/
/
/
/
/
77_4’ . <. . .{
»
nt
)
— —g3véw-Zf} (275)
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- %ggvﬁz <91 cos O’y sin O + go cos O cos O’y — gy sin @'W> (276)
-
/
//
772’ .- - ./
nt
%ggvng ((91 sin Ow + g cos @W> sin ©'y + gpy cos @’W) (277)
hy
/
/
/
/
/
n_Z - -
n?
7 ’ . / . / 2 H
— Zﬁz (v (g1 cos Oy sin O + go cos Oy cos O'y — gpy sin © W) Zi
2
+ 1695( — gpsin®'y + gy g cos Oy sin @W> Z,g) (278)
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ifzr (v (glgBy cos @’%,V sin Oy + g3 cos OF; cos 'y sin O’y

+ cos Oy (g% sin ©%, — géy) sin ©'y — g1gBy sin Oy sin @’IQ,V

+ g2 cos Oy (gl sin Oy sin 20"y + gy cos 6'?,[/ — gBy sin 9’%,))2,?1
+ 8z (2ngy3 cos @’?/V sin Ow — 2gpgy B sin Oy sin @’?,V — g% sin 20y

+ g% sin ©%, sin 2@’W) Z,g)

(279)
-
/
//
7]_— .- - /
n?
iggvfwf ( — g1 cos Oy sin Oy + go cos Oy cos O’y + gpy sin @’W) (280)
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)
1921}§W* ( — g1 cos Oy sin Oy + go cos Oy cos O’y + gpy sin @’W) (281)

%fz (U (glgBy cos @"24, sin Oy + g3 cos OF; cos 'y sin O'yy

+ cos Oy (g% sin ©%, — géy) sin ©'yw — g1gBy sin O sin @’3[,

+ g2 cos Oy (gl sin Oy sin 20’y + gy cos 6'%,[, — gBy sin @/31,))2,5[1
+ 8z (ZgBQYB cos @’?,V sin Oy — 2gpgy B sin Oy sin @’?,V — g% sin 20"y

+ g2, 5in O sin 2@’W) z,gg) (282)

z'

i . . 2
— Zfz/ (v<(91 sin Oy + gs cos @W) sin ©'y + gpy cos @'W) za

2
+ 16z (gB cos Oy + gy p sin Oy sin @’W) Z,g) (283)
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771 .- - /
n?
iggl}fw— (<91 sin Oy — go cos @W) sin ©'y + gpy cos @’W) (284)
H—*
//
nl .- - //
n?
iggvﬁwf ((91 sin Oy — go cos @W) sin ©'y + gpy cos @’W> (285)

10 Clebsch-Gordan Coefficients
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