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1 Superfields

1.1 Vector Superfields

SF | Spin Spin 1 | SU(N) | Coupling Name
B Ap B U(1) g1 hypercharge
W Ay w SU(2) 92 left
g Ag g SU(3) g3 color
1.2 Chiral Superfields

SF | Spin 0 | Spin 1 | Generations | (U(1) ® SU(2) ® SU(3))

q q q 3 (5.2.3)

I ] ! 3 (-1,2,1)

Hy; | Hy H, 1 (-1,2,1)

H,| H, H, 1 (3,2,1)

d | dy % 3 (3,1,3)

i uj, uf, 3 (-2,1,3)

é &, et 3 (1,1,1)

2 Superpotential and Lagrangian

2.1 Superpotential
W=pH,Hy —Yyd¢H,; —Y.elHy +Y,aqH,
2.2 Softbreaking terms

—Lspw = — H{H B, + Hy Hf By, + Hydp 100030i;d1,55Tai; — Hy dp 100asbijiir 5 Ta;
+ HYER 101581 3 Te iy — Hy €3 1057 To iy — H W 0 00p0idr 5 Tu i
+ HYUR j000p0ijtr ;8 0,ij + huc.
—Lsp,p = +mi, | HY® +mip [ Hy > +mby [H +miy [HF 1+ d7 abasbigmy ;diis
+ iy ia0apdiymy ijdr, s + €501y ;61,5 + €Ri0ime 1R, + T, jalapdiymy 5UL,5

~ % 2~ ~ % 2
+ UR 0 0ap0ij My jUR G5 + U5 0ijMy ;i V;

1
—Lsp = By (/\QBMl(Sij + MQ(S,‘J‘/\W’Z»)\WJ + M35ij/\§,a/\§,,8 + h.C.>



2.3 Gauge fixing terms

2.3.1 Gauge fixing terms for eigenstates ’GaugeES’

1 _ 1 _ 1 _
Lop = — §|8uB|2531 - §|au9|2£g T §|8HW|2£W1

2.3.2 Gauge fixing terms for eigenstates >EWSB’

1 _ 1 _ 1 _ " 12—
Lor = = 5109176 = 510,016 =1 = S92 (Hiva = viHE )& + 0, Pt
11
—3l3 (25'“2 + (odvd - auvu)fz (91 sin Ow + gz cos @W)) %"

2.4 Fields integrated out

None

3 Renormalization Group Equations
3.1 Anomalous Dimensions

w__1

W == (4593 + 8002 + g%) 1+ Y)Y, +Y]Y,
@ 15 1 199 8 4 ¥ ¥
Vo = +(Sg§g§ + 0+ 550 (169§ + 993) + 50091 ~ §g§> 14 =gtV [Ya = 2V YoV Yo
2
oy, YiY, + ijd( _ 3Tr(YdeT) + gt (YYT)) — 3YJYuTr(YuYJ)
3
W = (503 +4}) 1+ VY.

3 6
IS ) D 3 1) A (12593 +30¢2¢2 + 6991‘) 1+ nge( - 3Tr(Yde) + 297 - Tr(YeYJ))

100

1) 3 2, 2

) = 3Tr(YdeT) - (5g2 + gl) + Tr(YeYJ>
(2) _ @ 4 g 2 15 4

V. = T100M T 109 1 5

— 3Ty (YdYJ Y,Y] ) - 3Tr(YeYJYeYJ)

S _1% (= 10me(vayf) + 563 + 63)
15 4 207 4

4 5

2
P =2 - (2003 4+ 3)1

2
7 = 332 ( — 1003 + 101¢% + 80g§g§) 1-2 (Yd*YdTYd*YdT + Yd*YuTYijT)

2 6
g3+ o8 — = (— 4003 + gt ) e (vav]) + 2ot (VxS —om(vavvay])

4 9
72 = —3Tr(YdYJYqu) — 9Ty (YuYJYuYJ) + 298+ oot + —(QOgﬁ + g‘f)Tr (YuYJ> n



8
WD = 27T — (503 +2)1

2
Y (=2 (verd) + 63 - oTe (Yav] ) + 393)

@) +355 (107g1 253 + 80g? gg) - 2(YJYdTYd*YuT Y Y )
+YrYT (693 - Gn(YuYJ) - %gf)
v =2yl - ggfl
| T A (A 2%4 e YT( - 2TY(Y8YJ) + 693 — 6Tr(YdYJ) - ggf)

3.2 Gauge Couplings

B = Q :

2 —gl ( - 130Tr(Yqu ) +135¢2 + 19992 + 440¢2 — 70Tr(YdeT ) —90Tr (Yeyj ))
5 = 92

B2 =2 (— 10T (Y, Y1) + 12003 + 12503 — 30T (Yav] ) = 30Tx (v, Y]) + 963
5(1) — 3

B8R = 793 (1191 . 20Tr(YdYT) — 20Ty (Y YT) +45¢2 + 7093)

3.3 Gaugino Mass Parameters

1
gy

2
82

ﬁ]%g

)
B,

5]%3

2
8

66
—qgi M
591 1

2
= 58 (398‘qu1 + 1352 M, + 4402 M, + 44092 M + 13592 My — TOM, Tr (YdY ) — 90M, Tr (YEYJ )

130 M, Tr (YuYJ ) +70Tr (Y;Td) + 90Ty (YJT6> +130Tr (YJTu))

29§M2

2 i

=45 (9g My + 12092 M; + 9g2 My + 25092 My + 12093 M, — 30M2Tr(YdY ) — 10M,Tr (Y Y, )
30 M T (YUYJ ) + 30Tx (Yj Td) 10Ty (Yg Te> +30Tx (YJTUD

—693 Ms

2
ggg (nngl + 1192 My + 4592 M + 14092 M; + 45¢2 Mo — 20M3Tr(YdeT> _ 20M3TY(YuYuT)



+20Te (V] Ta) + 20T (VT ) )

3.4 Trilinear Superpotential Parameters

6, 7
393 - 2o+ Tr(YeYj)) LYYy,

By = gngdYJYu —AYY YV iy — 2vuvlv, Y v, — 2vayiv,yly,

By = 3YaY [ Ya+ Yo — 362 + 3Tx(YaY]) -
2 d

4
+ YdYTYd( 3Ty (YYT) +6g2 — 9Tr(Yde ) + ggf) —3Y,y) YuTr(YuYJ )
287 15, 8 16, 2
+ Yd(—gl + 9195 + =95 + <9795 + 89595 — — g5 — *( — 4093 + g?)Tr(YdYJ)
90 2 9 9 5
+ gngr(Yng> — 9Tt (Ydyj Y,v] ) — 3T (YdYJ Y,V ) - 3Tr(YeYJ Y.Y} ))
9
B = 3YY Y, + Yo = 363 +3Tx (Y, ) — st + x(vov))
BY = —aYYIV.Y]Y. + V.YV, ( - 3Tr(YeY;) +6g2 — Qﬂ(Yde))
n 1—0}/’@( - 4( — 4062 + gf)Tr(YdeT)
+ 3(459% + 6g2g2 + 25g% + 4¢2Tr (Yeyg ) — 30Tt (Ydyj Yv] ) —10Tr (YdYJ Y,V )
—10Tr (YeYJYeYj)»
sWY — 3y, vy, — Ly (13 2 1 4592 — 45Tr(Y,Y) +80g2) + V.YV,
Y, = wtqy Yu 157 91 gds T\ Yy X, g3 ut g Xd

2 .
By = =+ VXY, + 63V Y]V - 2V, Y Y, Y]V, — 2v, Y] Y,YY,

2
Ay Y Yy, + YuYTYd( . 3Tr(Yde) +Igl - T (YYT)) _ 9YuYJYuTr(YuYJ)

2743 4 n 2 L 15 4 n 136
450 g1 9192 2 - 92 15

— 3Tv (Yde Y, Y] ) — 9Ty (YUYJYUYJ ))

16 , 4
+Yu (S 9303 + 89303 — ogi + = (2003 + 62 ) Tr (VuY)

3.5 Bilinear Superpotential Parameters

ﬂ(l)

B =

3
=3uTr(YaY)) — Su(5g2 — 5Tr (YY) + ¢2) + pTx (VoY)
d 5 u e

f,,t(zmgl +90g%g2 + 375¢% — 20( —40g2 + gf)Tr (YdeT ) +60¢2Tr (YYT) 4062y (YuYJ)

+ 80003 T (Y, ;) = 450 (Vay vavf) = 300Te (Yav; vy ) = 150 (vovivovf)



— 450Ty (Yu Y,y )) (40)

3.6 Trilinear Soft-Breaking Parameters

7 16
BY) = 4 AY Y Ty + 2YaYI Ty + 5TaY Yy + TaY, 1Y, — =9 Ta — 33T~ ggJTd

+ 3T, Tr (YdeT ) + TdTY(YeYeT) +Yy (2Tr(YJTe) + 695 M; + ()‘Tr(YdT Td) 15 gi My + 329§M3) (41)

6 8 8

65« +5g1YdYTTd +6g YdY T, — g%MleY Y, + 5g YdY T,
6 4

+ 5ngdY Yy + 1255V, Yy + =i 2Tyvily, — 6YY YayiTy

— 8Y Y TyY Yy — 2V VIV Y Ty — aYyYIV,YIT, — 4V, YT, Y] Y,

— AV YT Y, — 6TaY VY Yy — ATy Y, Y] Yy — 21,V Y, Y] Y,

+ Tt RATu+ D oATa s GRRTa + SRTa —  diTy

—12VaY Ty (Yav] ) = 15Tavvame (Yav] ) - 5ngd (vavd)

+16¢2TyTr (YdYT) _ 4YdYTTdTr(Y vi ) _ 5TdYTYdTr(Y vi )

+ gngdTr<Y YT) — 6YYIT, Tr(Y YT) — 3T,YY, Tr(Y YT)

- ngYj Yy (15Tr (YJ Te) + 3092 M; + 45Tr(ydT Td> + 4g$M1) —6Y,Y] YuTr(YJ Tu)
— 9T, Tr (YdeT Y,v] ) — 3T, Tr (YdYJ Y,V ) — 3T, Tr (YEYJ v.Y! )

- 4—25Yd (287g1 My + 45g2g2 My + 40g2g2 My + 40g2g2 M + 36092 g2 M — 160¢% M
+ 4502 g2 My + 675g3 My + 360292 My — 18( — 40g2M; + g%Ml)Tr (Yde )

+ 54¢3 M, Tr (YGYJ) + 18¢%Tr (ydTTd) — 72093 Tr (Yjﬂi) — 54g; Tr (YJTe)

4 810Tr (YdYTTdYT) +135Tr (YdYT T YT) n 270Tr( Y.YIT, YT) +135Tr (Yuyj T,Y] )) (42)
) — AV, YIT, + 5T.Y] Y, — gg%T 392T. + 3T, Tr(YdY*) F LTy (Y YT)

n 1@(2Tr(YgTe) + 692 My + 6Tt (Y*Td) 18 fMl) (43)
> = +g YT, +6g3Y. YT, — gg%TeYTYe +12g3T.Y]Y,

— 6Y YV Y T, — 8V YIT,Y]Y, — 6T,V Y. Y]Y, + — 7 9iTe + ggIgQT + ?géTe

—12v,Y] Teﬁ(Yde ) — 15Ty YeTr(YdeT ) — 5g§Teﬁ(YdYJ )



+16¢2T, T (Ydef ) —4v.y] TeTr(YeYJ ) — 5L.YIY.Tr (YEYJ )
T gngeTr (YCYJ) _6Y.Y]Y, (292M2 4 3Tr (Y*Td) +Tr (YT T, )) 9L Ty (YdeT YY) )
—3T.Tx (YdYJ Y,Y] ) —3T.Tx (YeYteYj )

gy (13591 M1 + 99393 M, + 99393 Ms + T3 My + (- 203My + 80630, ) Tr (Yav))

+6g2 MlTr(Y YT) +24°Tr (Y Td> - 8Og§Tr(YTTd) - 692Tr(YTT )

+90Tr (YdeT T,Y] ) +15Tr (YdYJTqu ) +30Tx (YeYJTeYJ) +15Tr (Y YTy )) (44)
13 16
) = 12V, YTy + AV YT, + TY,] Y + 5T.Y] Y, — 91T~ 363T, — ST,
2 2
43T, Tr(Y Y*) 1Y, (Gg M, + 6Tr(YTT ) 1§g§M1 + 3—g§M3) (45)

2
+6¢2Y, YT, + 5ng Y)Yy + 12637, Y]V, — 4Y,Y) YdeTTd

— 2V, YIVoYiT, —av, Y] T,Y v, — av, YTV Y, — 6V, Y]V, YT,
2743 ,

—8Y, YT, YY, — 21, Y] YaYivy — 4T, Y] V,v Y, — 6T, YV, YV, + 50 91T

15 136 16
+ 9193T. + 5 —g5Tu + 5 —09195Tu + 893931, — ggéTu — 6YuYJTdTr(YdYJ)

— 3T, Y] Y, Tr (YdY; ) — 2V, Y] TyTr (YeY;) ~T,Y]Y,Tr (Yeyj)

- 12YquTuTr(Yqu) - 15TuYJYuT&"(YuYJ) + gng ﬁ(y YT)

+16g3T, T (V.Y ) - %YquYd(wTr(Y;Td) + 2030, + 5T (YT, ))

— 18Y, Y]V, Tr (YJ Tu) — 37, Tr (Yde Y, Y] ) — 9T, Ty (YUYJ Y, Y] )

— 2—353@ (27439111\41 + 2259292 My + 680g2g2 M, + 680g7 g2 Ms + 180092 g2 M3 — 80093 M3
+ 225922 My + 33754 My + 18009292 My + 180 (2Og§M3 + g%Ml)I&r(YuYJ)

180 (2()g§ + g%)Tr(YJTu) + 675Tr(YdYJTqu ) + 675Tr(Yqu TdYJ)

+ 4050t (YUYJ T,v} )) (46)

3.7 Bilinear Soft-Breaking Parameters

3
§) = +592M1u+692M2u+B (—3g§ +3ﬁ(Yde> +3ﬁ(Yqu) -4} +T1r(yeyg))



+6uTr (Y*Td) 4 2uTr (YT Te> + 6uTr(YJ Tu) (47)
207 , 9 15 , 2 6 4
BY) = +B, (—g;l 2R+ gk - (— 4092 + gf)Tr (YdeT) + fngr(YeYJ) o PTr (Yuyj)
5 175 29275 5 5
+16¢2Tr (YUYJ ) — 9Ty (YdYJ YY) ) — 6Tr (YdYJ YY) ) —3Tv (YeYteYJ) — 9Ty (YUYJ Y, Y} ))
2
- 2—5u(207g‘11M1 +45¢2g2 M, + 45¢2g2 Mo + 37563 My — 10( — 40g2M; + g%Ml)Tr(Yde)
+ 3042 MlTr(Y YT) + 2042 MlTr(Y YT) + 4002 M; T (Y YT) +10¢2Tr (Y Td>
— 400g2Tr (Yj Td> — 30¢2Tr (Yj Te> — 20¢2Tr (YJ Tu) — 40062 Ty (YJ Tu)
+ 450t (YdeTde ) +150Tt (YdYJTqu ) +150Tr (YCYJ TeYJ) + 150Tr(Yqu’r TdYJ)

+450Tr (YUYJ T,Y] ) ) (48)

3.8 Soft-Breaking Scalar Masses

i = on (= 2T () —Te(m) iy, iy, Te(md) + Te(m2) + Te(m2) (19)
09,11 = 11091 <2Tr(md) + 3Tr(ml) +3my, +3my, + 6Tr(m§) + 8Tr(mi) + Tr(mi)) (50)
o3 = %\/—Egl (- 9gtm, — 45g3m, + 9gim¥y, + 45g3m3y, +4(2093 + g3 ) T (m3 ) + 36477 (m?)
— 9g7Tr (mlz) - 459§Tr(m12) +9 Tr( ) + 45g§Tr(m3) + SOggTr(mg) — 3297 Tr (mi)
— 1602 Tr (mi> +90m%, T (Yde ) +30m%, Tr (Yeyj ) — 90m2, Tr (YuYJ ) — 60Tr (Ydyj mg*)
= 30T (Yam2'¥] ) = 60Tr (VoY m?2 ) + 80T (Yom v ) + 120Tr (Y, Vim2" )
— 30Tr (Yumg*YJ)) (51)
0922 = %<3Tr (mg) + qud +my +Tr (m%)) (52)
093 = %(2Tr< ) + Tr(md> + Tr( )) (53)
gﬁgg =2 @21My)? - %931|1\43|2 — 6931 M| + 2m3, Y, Yy + 2m3; VY, + 27Ty
+ ZTJTU +m2Y] Yy + m2Y]Y, + 2Ym3Y, + Y] Yym?2 + 2V m?Y,
+ Y] Y m2 + \/%gllal,l (54)
Bl = +§gfg§1IM2|2 + 33951 M2[* + 3293931 | Mo ?

10



16 1
+ 1595 (15(363 (2Ms + M) — 8630z ) + g3 (205 + M) ) 105 + £ 923 M 1M + 169303 Mo 103

4 8
+ 5gldeYTYd + 5glmH YTY

b 225 M ((5(169§ (2M1 + Mg) +9g2 <2M1 + MQ)) n 597g%M1) 1
+180 (200 Yo - 2V]T, + MY Y, - YIT,) )

8 8
~ SEMTIY 4 SRTITa — SRMTIY, + Lol TiT,

2 4 2
+ gglngij + fg1m2YTYu + fngTmled + fngTYdmz

+ ggfyfm Y, + le Yum? — 8m¥ Y] YaY Yy — 4V YiT) T,
—AYTT)Y, — 8m3, YV, Y)Y, — 4V]Y, TiT, — YT, T]Y,

—ATIY Y Ty — AT T, Y Yy — 4TIV, YT, — ATIT, Y Y,

—2m2Y VY Yy — 2m2Y VY Y, — 4y m3y,ay] Y, — 4y Yyam2y Y,
— AV Y, Y m3Y, - 2V Y Y Yam?2 — 4y m2Y, Y]V, — 4Y] YquYTYu

32
— YV, YIm2Y, = 2V, Y Iv,m2 + 6931025 + 3 15

= 12m3, Y vam (Yav]) - 67] Tt (Yav] ) = sm2yvare(vav])

—g3logs + 91102 11+ 4\/%—591103 1
— 6V mavaTr(Yar]) - 8V vam2 T (vav]) — am, vivam(vov?)

— 9T Ty Ty (YeYj> — M2V Yy Tr (Yeyj) — 9V Im2Y,Tr (YJJ)

— Y Yym2Tr (YeYeT ) —12m2, Y]V, Tr (YuYJ ) 6T, Ty (YUYJ )

- 3m§YJYuﬁ(Yqu) - 6ij3yuﬂ(yuyj) - 3YJYum§Tr(YuYJ)

= 6T Te (Y] Ta) - 21 vam (VIT.) - 6T1v, T (VT )

— 6Y Ty Tr (T v ) — 6Y] Y, Tr (T;;TdT ) — oy T, Tr (Te*YeT)

— oy Y Ty (Te*TeT ) - GYJTuﬁ(T;Yf ) - GYJYuTir(T;Tf )

— 6Y] YTy (mgydydf ) — oYY, Tr (mgyeyj ) — VIV, Tr (m%Y;Ye)
— 6Y] Y Ty (mQYTYd) —6YY, Tr (mgyj Yu) —6YY, T (miyuyj )

@gg — _7911\M1|2 6931 Mo |? + 2m3; YV, + 2TIT, + miY]Y, + 2Y,m2Y.
2 ,

3
+YYom? — \/;91 1o

3 12
52 = +203 <3g§ (2M2 + Ml) + 55g§M2) LM; + —gimiy, Y.V,

11



B

B

(1

m

)

2
Hg

(2)

m
Hg

2

N
+ gt} ( —20YIT, + 3(5g§ <2M1 + Mg) + 69ng1) 1+ 4OM1YJY6) - —glMlT Y,

6

12 6
+ G TIT + s gimiY Y. + —glyf Yo+ cgt¥[Yomi

- sini,dyjy YY, - 4Y]Y, TTT - 4YeTTeTeTY€ —ATIY, YT,
—ATIT,Y]Y, — 2m2Y] Y, Y]V, — 4YIm2Y,Y]Y, — 4V Y.m?Y]Y,
—AYY. Y m2Y, — 2V Y. Y Y.m? + 6951005 + ggflaw - 4\/391103,1
—12m2, VIV, Tr (Yde ) — 6T T, Ty (YdeT ) — 3m2Y]Y, Tr (YdeT )

- GSQTmﬁYeTlr(YdeT ) 3V Ym?Ty (Ydyj ) - 4m§{dYJY8TT(YeYJ)

- 2TjTeTr(YeYj) 2y, T (YeYj) oV m2Y, Ty (YeYj)

— YJYJn%Tr(YeYJ ) — 1t YeTr(YdT Td) Tty Ty (YJTe)

- GSQTTeTr(T;YdT) - GYJYSTT(TJTJ ) - 2YJTeTr(T§YeT)

— VY, Ty (T;TeT ) — YV, T (mfIYdYJ ) — VY, Ty (mzyeyg )

VY, Ty (leYJYe) —6YY, T (mgyj Yd)

_ gl\Ml|2 693 Ma|> — \/gglal,l o+ 6m, Te (Yav) ) + 2md, T (voyd ) + 6Tn (T;77)
Ty (T;TZ ) + 6T (mlede ) 42T (mzyeyg ) 4Ty (mfyj Ye) + 6T (mgyj Yd)

1 (15g§ (39% (2M2 + M1> + 55g§M2)M2*

+ @M (621ng1 + 9092 M, + 45¢2 My — 40M; Tr (YdYT) + 12OM1Tr(Y v ) 20Ty (YTTd)
— 60Tr (y,j T))

n 10(159302,2 + 320011 — 2V15g103.1 + (1609§|M3|2 —22mY, + SOggmgd)Tr(Yde)
+6g2m% Tr (YeYj> — 80g2 M T (Yj Td) + 202 My Tr (Td Y, ) — 80g2M5Tr (T;YdT)

- ngTr(T;T} ) + SOgg’IY(T;Tg ) 6g1M1Tr(T€*YeT) + 691Tr(T*TT)

= 23T (m3Yav] ) + 80g3Tr (m3Yay] ) + 643Te (m2Y.Y[) + 693 T (mf Y1, )

= 23T (m2Y{Ya) + 8063 Tr (m2YYa ) — 90m, Te (Yavjvav]) — 00T (Yav  Tut})

— 15m%, Tr (YdYJ Y, v] ) — 15m% Tr (YdYuT Y, V] ) — 15Tr (Yde T,T) )

— 90Tr (YdT;Tde ) - 15Tr(YdTgTqu ) - 30m§IdTr(YeYJ 'AL ) — 30Tx (YeYJ 1,71 )
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B

(1

M,

)

2

= 30T (VLTI Ty, ) = 15T (VoY Tt ) = 15T (VT Taf ) = 90T (mavavvav))

— 15Ty (dedYT Y,Y ) — 30Tx (mgerteYJ ) — 30Tx (m%YteYJ Ye> — 90Tr (mijdT YY) Yd)

—15Tr (mgyj VY Yu) _ 15Tr(m3YJ Y, V] Yd) — 15Tr(m3YquT Y, v )))

6 3 .
S YA A \@glal,l + Gm;un(yuyj) + em(Tqu) + 6TT<m3YJYu)

+6Tr (miyuyj)

5 5) 5

3 . 6 3 8
57(3%{ =+-g3 (39% (2M2 + M1) + 559§M2>M2 + 693022 + —gi o211 + 4\/;9103,1 + —gimi, Tr

+ 32g§m§{ Tr (YUYJ ) + 64g§|M3|2Tr(YuYJ)

+— 25 @M (— 40Tr(YJTu) + 45¢2 M + 62162 M, + 80M1Tr(YuYJ) + 9042 Ml)

- 329§M§Tr(YJ Tu) - ggl My Tr (T YT> — 32¢2M5Tr (T YT> + i g2Tr(T;TuT )
+ 8203 T (1,70 ) + ingr< 2VIY,) + 3203 (m2Y Y., ) + ingr(m v,y
+322Tr (nguYJ ) — 6m%, Tr (YdYJ Y, Y] ) — 6m% Tr (YdYJ Y,Y] )

—6Tr (YdYJ 7,1} ) —6Tr (YdTgTqu ) —6Tr (Yuyj Tde) — 36m%, Tr (Yuyj Y, v} )
— 36Tr (YUYJ TuTj) — 6Tr (YuTgTdyj ) 36Ty (YuTgTuYJ)

— 6Tr (mgydyj Y, Y] ) — 6Tt (mgyj Y,vi Yu> — 6Tt (mgyj v, Y] Yd)

— 36Tr (m2YTY vy, ) —6Tr (mQY YTYdYT) — 36Tr (m2Y Yy, YT)

32
ﬁ“% = 15 G1|M;|? — —931|M3|2 + A3y, YY) + ATyT) + 2m3YaY,] + 4Yym?2Y,)

(2 _
ﬁm

+ 2YdYde +2 \/ﬁgllal 1

1
45 ( 3092 Ms + ¢ (2M3 + M1)>1M§‘ + = gimy, YaY] + 12g3m¥, Yoy

+ 2493 | Mo |?Y,Y) — gglMlelTT 1292 My Yy T}
4
+ 9t My (2(30393 My + 4063 (2041 + My ) )1 — 45T,Y] + 900M VY] ) — 123 M3 Ty
4
+ 20t TaT) + 1203 TaT] + 5gldedY +6g2m2Y,Y)
4 2 21, 2 i
+ 591Ydm Y] +12¢3Yym?2Y] + 5ledY m2 + 6g2Y,YIm?2
—8m% VoY VoY) — avyv] Tyl — am? vaviv,y)
—dm}, Y VYY) —av,viT, ) - AV, Ty ) - avyTiT, Y]

13



B =

— AT YT — 4Ty YV, T — 4Ty TiY, Y] — aTyTly, Y]
—2m3Y Y YY) — 2m2YaV YY) — avam?Y vay) — avum?y v, Y]
— AV Y m3Y Y] — 4Y,Y]Yum2Y] - 2v,v Yoy im3 — 4y, v im2Y, YT

32 8
—4Y,Y[Y,m2Y] - 2V Y Y, Y m3 + 5 5 \/ﬁ gilos

= 24, Yoy T (Yav ] ) = 120 me (Yav] ) - omavay re(vay])

g§102,3 + 91102 11 +8—

—12Yym2Y Te (Yav] ) = 6YaYfm3 e (avy] ) - smiy, vav Te(vov!)
— AT, T Ty (YeYj> —om2Y, Y T (YeYj) — AYm2Y | Tr (YYT)
— Y,V im2 Ty (YeYT) — 12V, T Tr (Y; Td> — AV, T Ty (YgTe)
— 12T,V Tr (T;YdT) —12Y,YTr (T;TdT ) - 4TdeTTY(T:YeT)
— AV, YTy (T;TZ ) —12Y,Y) T (mledeT ) — AV Tr (mQYYT)
—aY,Y) T (mZ‘YT Ye) — 12V, YTy (mQYTYd)

32

32
=129 G21My | - §g3I|M3|2+4mH VY, + AT, T) 4+ 2m2Y, Y, + 4V, m2Y,}

1
+2Y,Y,m? — 4\/?91101,1
128

) = (15g§M3 py (2M3 + M1))1M3 — Sgimy, YY) + 12g3m% Y, Y]

T
4
+ 2462 | My |2y, Y + 5glM1Y LT — 1292 Mo Y, T — 1292 M3 T, Y,

4 1
+ s 9tMi (45( OMY,Y 4T, YT) + 8(321g M + 40g2 (2M1 + M3)> ) ~ ST

2 4
+ 120 LT = 2 gimiYuY ] + 6g5mi Yoy, — 5le WmgY,!

+ 1263V, m2Y, — §91Y Vim2 +6g2V, Y, Im? — am?, Y, Y v,v]
—dm¥, Y Y1Vl —av,yiT - sm?, YUYJ Y, Y —av,yiT, 1!

— 4y, TiTyY) — 4y, T, Y - AT YY1 - AT, VY, T

— AT, TV — 4T, TV, Y} — 2m?Y, YY) — om?Y, viv,v]

— 4Y,m2Y]Y Y} — 4V, m2Y ]V, Y] - 4, v m3y,v]

—4Y, Y Yym?2Y] - 2V, VY Vim? — 4V, YV m2Y, Y, — 4V, Y V,m2Y]

32 32 1
-2V, Y1y, Yl = —— g1
m + 393 023+15 \/ﬁm 03,1

- 12TuTgTr(YuYJ ) — 6m2Y, Y] Tr(YuYJ ) — 12Y,m2Y Ty (YUYJ )

P1loa11 — 16 — 24m?% Y, Y] Tr (Yqu)

14



— 6Y, Y m2Tr (YUYJ ) — 12V, T Ty (YJ Tu> 1T, YT (T;YUT)
C12V,YTr (T;TuT ) — 12V, Y] Tr (ngJ Yu) — 12V, Y Tr (mﬁyuyj ) (65)

24
Bid = =gt + 2 (2m§,dYeYJ FOLLT! + 2Ym2Y + m2Y. Y] + Yeygmg)

5 =
me

3
+2\/;9110'1,1 (66)

2
82 = = (6ng1* (234g%M11 n 5( MY,V 4 TEYJ)) 4201 (39102,11 n \/1503,1)
- 5(3Og§M2*TeY€T 62T — 3021, T + 3¢2m2Y, v}
— 15g3m2Y. Y] + 697 YemiYS — 303YemiY] + 3¢7Y Y Im?
— 15g3Y. Y, m? + 20mi; V.YV Y] + 10V VI T.T] + 10V, TIT. Y]
+10T.Y, Y. TS + 10T, T Y, Y + 5m2Y, YV, Y, + 10Y.m?YY, Y]
F10Y, Y m2Y. Y] + 10V, Y Yom2Y, + 5Y. Y Y, Vim2 + 307,71 T (YdY;)

+15m2Y. Y Tr (Yde ) + 30, m2Y TY(YdeT ) +15Y, Y, m2Tr (YdeT )

+ 107,71 Tr(YeYj) +5m2Y, Y} Tr(YeYj) +10Y,m2Y Ty (YeYj)

5V, Y m2 Ty (YeYj ) LY, T (10Tr (YjTe) + 3092 My + 30Tt (YdT Td) - 6ng1>

+ 30T,V T (T;YdT) + 107,V T (T;‘YET>

vy (3g§m§{d — 15g3m2,, — 30g2|My)? + 30m§{d’ﬂr<YdY; ) + 1Om§{dTr(YeYeT> + 15%(T;T} )

+5Tr (T;TE ) 15Ty <m§YdYJ ) 45T (mzYeYj) 4 5Tr (m%Yj Y) 15Ty (mgydf Yd))>) (67)

3.9 Vacuum expectation values

B = %Ud( _ 20Tr(YeYJ) + 3<5g§ + 9?) (1 + Xi) - GOTT(YdYD) o

1
B2 = mw( — 41497 — 1809293 — 120095 — 99+ Xi — 9092 g2 Xi + 87595 Xi 4 91 Xi? + 9092 g2 Xi?

— 225¢3Xi% — 40(5( 3292 + 9¢2Xi) + ¢?(9Xi — 4) ) Tr (YY) — 120(5¢2Xi + ¢2 (4 + Xi) ) Tr( Y. Y

2 3 2 1 d 2 1 e
+ 3600 (YdeT YY) ) +1200Tr (YdYJ Y,Y] ) +1200Tr (YeYteYJ )) (69)

3
1 — 2 _ 1 2 2 .

a 20%( 20Tr (YuYu> + (592 + gl) (1 n Xl)) (70)

1
() = @vu( — 414g7} — 180g% g2 — 1200g5 — 991 Xi — 9093 gaXi + 87595 Xi + 991 Xi* 4 90g7 g2 Xi*

15



— 225642 — 40 (5 (3zg§ + 9g§Xi) +g? <9Xi + 8)>Tr (YUYJ ) n 1200Tr(YdYJ Y, Y] ) + 3600Tr (YuYJYuYJ))
(71)

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

B, _ vz | e
()7 (%) &
(2)-(2)
ng Wp_

AW 1 i I/Yf
Nioo | =2" | W (74)
AW 3 wo
(75)
The mixing matrices are parametrized by
7 _ cos Oy —sin Oy (76)
sinOpy  cos O
1 1
w V2 V2
Z_<_Zl i1> (77)
V2 V2
1 1 9
. V2 V2
AL —1% i% 0 (78)
0 0 1
(79)
4.2 Rotations in Mass sector for eigenstates ’EWSB’
4.2.1 Mass Matrices for Scalars
e Mass matrix for Higgs, Basis: (¢a, Ou) , (dd; Pu)
o[ A+ 3) (303 - 2) +md, + P (g% + 63 )vavu — R (B,) 50
my;, =
~H(+aB)vava—R(B.) (s +68) (302 +0d) +my, +|uf?

16



This matrix is diagonalized by Z: 4
Z%my 2" = mgiy (81)

with

¢a=>_ Zih;, bu=Y_ Z[h; (82)
J J

e Mass matrix for Pseudo-Scalar Higgs, Basis: (04,04), (04,04)

L +a8) (=2 +03) +m3, + P ®(5,)
Mo =
®(B,) ~ (g3 +98) (— o2 +03) +miy, + luf?

Gauge fixing contributions:

+&z2m*(Z) (83)

2 2
) ivfl (gl sin O + g2 cos @W) —ivdvu <91 sin Oy + g2 cos @W>
m*(§z) = 2 7 (84)
_%'Udvu (g1 sin Oy + g2 cos @W) ivi (91 sin Oy + g2 cos @W)
This matrix is diagonalized by Z*: ‘
ZAm 2 = mdis, (85)
with
ca=Y ZRAT, ou=) ZpA] (86)
J J
e Mass matrix for Charged Higgs, Basis: (H; ,H,*), (H; ", HJ)
9 My~ == ig%vdvu + BZ 2 _
e ey mP(W) (87)
1950avy + By, Mgt gt
1
My g = S (gf( —v2 4 v§> + g3 (vi + vi)) + m%—d + | u)? (88)
1
Moy = g (g%( — 3+ vﬁ) + 95 (vé + vi)) +miy, + |pl (89)
Gauge fixing contributions:
2 195v5  —193vava
7Zg2vdvu Zg2vu
This matrix is diagonalized by Z+: ‘
Ztm2_ 7T = mgf“ - (91)
with
- _ + 77— _ + 7+
Hy =Y Z}iH:, Hf =Y Z}LH; (92)
J J

17



e Mass matrix for Down-Squarks, Basis: (d~L,a17dR,a2) , (dZ,Bl’d*R,Bz)

1 T i
2 mg, a ﬁDelta (Ude — v uYy )5a1[32 (93)
d *
%Deltaéaﬁl (vde — v, Ygpu ) Mgy ds,
1 1 %
mJLJz = _ﬂ (395 =+ g%) 1( - /U72L + U§>6a151 + 51 (ng + Uéydyd,olol)6a151 (94)
1 1
m(ind; = Eg%]'( - Ud2 + UZ) 5042/32 + 515012,32 (ng + U§Y;Yd70202) (95)
This matrix is diagonalized by Z7: '
ZPmiz" = my (96)
with
diia = Z3 " djsira dRia = Y 7 djsia (97)
J J
e Mass matrix for Up-Squarks, Basis: (4r,a,,UR,qs) s (azﬁl,ag&)
O 1 — T T
2 Maya; ﬁDelta( vapY,l + vuTu)(Salﬁz (98)
%Deltaéwﬁl ( —vgYuut + UuTu) M i,
1 1
Mara; = _ﬂ( - 39; + g%) 1( - /U’l2t + vi)éal,@l + 51 (2m3 + viYuYJ,olol)(SalBl (99)
1 1
Magay, = 516‘1252 (Qmi + ’UZYJY%OzOz) + 69%1( - ’Ui + US)(SGsz (100)
This matrix is diagonalized by ZU:
Z2Ym2 2% = mg’e (101)
with
o= AR iRia = Y VAT (102)
J J
e Mass matrix for Sleptons, Basis: (€1,€ér), (€],€5)
me, & L Delta (vdT‘L — UU/LYT)
m2 = e V2 ‘ ¢ (103)
%Delta(vdTe — vuYeu*) Meger,
1 1
Meyer = 51(2ml2 + vﬁYngolol) + 3 < — g2+ g%)l( — v 4 vﬁ) (104)

18



1 1
Merey, = 51(2777% + vgYeTY:S,O'zOz) + Zg%]-( - vczl + UZ)

This matrix is diagonalized by ZF: ‘
ZEmzZE’T = mgfg

with

~ E % ~ ~ E % ~
€L = E ZJZ €jft1 €R,i = § Zji €jft1l
J J

4.2.2 Mass Matrices for Fermions

o Mass matrix for Neutralinos, Basis: ()\B,Wo,ﬁg,ﬁg) , (AB,WO,f{g,f{S>

M, 0 —301a 3910y
— 0 Mo 39204 —3920u
—3910d  392Vd 0 —
30100 —3020u  —H 0

This matrix is diagonalized by N: '
N*mgpoNT = ms

with

_ * 0 170 * 0 r70 * 0
Ap =D Nij, WO =2 N, Hi =) Njs),
; j '

J
HO = Z N7
J

e Mass matrix for Charginos, Basis: (W*, ﬁd_) , (V~V+, I:IJF)

This matrix is diagonalized by U and V

with
W = Z AT H; = Z A
t to

2
LR SITRVR A SyenY
to ta
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5 Vacuum Expectation Values

6 Tadpole Equations

ov

1
HY = —¢a
¢ \/5
o1

=

—vg+1

B
1
MG

— Uy +i—

1
V2’

1
2

1 N1
B () 5o ) ) ) e )

% = %(9% +g§)vu( — v?i +vz> — vd%(Bu) +Uu(m%{u + W|2)

7 Particle content for eigenstates *EWSB’

Name Type complex/real Generations Indices
vy, Scalar complex 3 generation, 3
Scalar real 2 generation, 2
A0 Scalar real 2 generation, 2
H- Scalar complex 2 generation, 2
d Scalar complex 3 generation, 3, flavor, 2, color, 3
U Scalar complex 3 generation, 3, flavor, 2, color, 3
é Scalar complex 3 generation, 3, flavor, 2
g Fermion Majorana 1 color, 8
d Fermion Dirac 3 generation, 3, color, 3
U Fermion Dirac 3 generation, 3, color, 3
e Fermion Dirac 3 generation, 3
v Fermion Dirac 3 generation, 3
% Fermion Majorana 4 generation, 4
X~ Fermion Dirac 2 generation, 2
g Vector real 1 color, 8, lorentz, 4
o Vector real 1 lorentz, 4
Z Vector real 1 lorentz, 4
W= Vector complex 1 lorentz, 4
n% Ghost real 1 color, 8

DO
o

(116)

(117)

(118)

(119)



n? Ghost real 1
n? Ghost real 1
n- Ghost complex 1
nt Ghost complex 1

8 Interactions for eigenstates *EWSB’

8.1 Three Scalar-Interaction

1
— (3 +a3) (zhzp — 282 ) (va2lh - vu2l3) (120)
H!
//
/
/L /
\\
\
Hy
1
198 (vazs + 028t ) (- 2128 + 2,25 (121)
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d 2
- %%@k (qu’j Jxcon] (ZD (gt2) (ft2, 2) ) ZAZD (gt3) (ftB, 1) + T jy.conj (ZD (gt2) <ft2, 2) ) ZA7ZD (gt3) (ft3, 1) — conj (ZD (gt?
(122)
e
/
7
R /;
i \
\\
N ~
€jft2

_ %@k (Mygjjkconj (ZE (gt?) (ftQ, 2))Z§ZE (gt?)) (ftS, 1) + T conj (ZE (gt2) (ftQ, 2)>ZﬁZE (gt?)) (ftS, 1) — conj (ZE (th) (ft
(123)

1

500 (MYJJ conj (ZU (gt2) (ftZ, 2))Z£ZU (gt3) (ftS, 1) — conj (ZU (th) (ft2, 1)) (M*Yuﬁijﬁ + Z;‘;Tu,kj)ZU (gtS) (ft3, 2)

(124)
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i
L (g% n g§) (zg (Zﬁ (vdz,fg + vuz,ﬁ) n Zg( ~ 3u,ZH 4 vdz,ﬁ))

4
+ 28 (28 ( - 3vazfi + vu2fs) + 203 (vazlls + v, 28) ) (125)
H,!
/
7
[F—— /
\
\
Hj_
i H g+ ({21 2 T + 2, 2 + 2 o
1 ( —Zj (Zj1<(91 + QQ)Udel + g2vqu2) + 75 (( -9+ gQ)UdeQ + 92”qu1))
(126)

+ 28 (25 (- 98 + 98 v 2 - g3vaziy) = 25 ((93 + 93 )vu iy + 93vaZy) )

Tx
kft3~y

%%@k( — 200m (2D (g12) (£12,2) ) ( - 3v2uY;,, ZH7D (et3) (23.1) + 3v2T; ;. 2H 2D (g13) (163,1) + (g70u 28 — va( - 65,
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+ conj (ZD (gt?) (ftQ, 1)) ( zH ((395 ¥ g%)UUZD <gt3) (ftg, 1) — 6320 Yy ZD (gtS) (ft3, 2))

+ fo( — 6327 4;ZD (gt3> (ft3, 2) + vd( — 12V} Ya; + 303 + gf) ZD (gtB) (ft3, 1)))) (127)

. iajk <2conj (ZE (gt2) (ft2, 2)) ((gfvuzg - vd( — 2V Yoy + gf)zg ) 7E (gtS) (ftS, 2) —V2uY ZH R (gtg) (ftS, 1) V2T
4+ conj (ZE(gt2) (ft2, 1)) (ng( - 2\/§N*Ye,ijE(gt3) (ft37 2) + ( P+ gs)uuZE (gt?)) (ft3, 1))

v zH (zﬂTe,ijE (gtS) (ft3, 2) + g (4Ye’jjkYe,jj - gf)ZE(gtg) (ft3, 1)))) (128)

11'25575% <2conj (ZU (gt?) (ftz 2)) ( —9 (gfudzg - vu< — 3V Yy + g%) zH1 ) ZU (gt?)) (ft?), 2) +3V2uY; 27U (gt?)) (ft37 1)
+ conj (ZU (gt2) (ft2, 1)) (Z{{ (( — 32+ g%)vdZU (gt3> (ft3, 1) +6V2U" Y 1 ZU (gt3) (ftS, 2))

_zH (GﬂTu,ijU (gtS) (ft3, 2) + v, (12YJ_,jkYu,jj — 32+ g%) ZU(gtS) (ft3, 1)))) (129)
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By ==—mm— A
\
\
vj
i
-2 (g“f’ n gg)éjk (vde{ . vuzg) (130)
detS'\/
/
/
H --——-/
\
\
Ujtt28

- iéﬂvéﬂc( — 2conj (ZU (gt2) (ft2, 2)) (QMYJJ 27D (gtS) (ft3, 1) + 2T, ZHZD (gt3) (ft3, 1) VY Y (udzg + uuzjl) Z

+ conj (20 (gt2) (£62,1) ) (25 ( - 40" Yy 2D (83) (£63,2) + V20, (= 27 Va5 + 63 ) 2D (13) (163,1) )

+ 255 (= 4Tu52D (83 ) (163,2) + v2va( = 2V Yass + 93) 7D (2t3) (163,1) ) )) (131)
Crtea
/
/
[ ——y
\\ )
12

= iajk (255 (= 4Ty 78 (813 (63, 2) + Vva (= 2V Yooy + 03 ) 2B (83) (163,1) ) + 25 ( = 4u" Yoy 2B (213) (183,2) + V2430,
(132)
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- i%ém( — 2c0n(zD (gt1) (61, 2) ) (2070 2520 (2t3) (183,1) + 275, 2,20 (83 ) (13, 1) + V2V, Vo ki (vaZfs + 0u 2] ) 2
+ conj (ZD (gtl) (ftl, 1 ) (Zj1 ( APt 42U (gtS) (ft3, 2) + \@vd( — 2V} Yai + gg) ZU (gtS) (ft3, 1))

+ 2 (= 4Tuiz0 (13) (£63,2) + Vo, (= 2¥7 Yo + 63) 2U (g23) (13,1) ) ) ) (133)

Tk
Vi
/

7

/
€ift1 ---P--(\

\

\

+
Hj

- i‘;’“( — 4con;j (ZE (gtl) (ftl, 2)) (uygikzjg + T;i,czjl) +v/2conj (ZE (gtl) (ftl, 1)) (gguuzjg + vd( — 2V Yo + gg)zj+1>)
(134)

8.2 Two Scalar-One Vector Boson-Interaction
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1, . e
5 (91 sin O + g cosew) (ZﬁZﬁ _ zgzg) ( —pl er;i‘") (135)

Wi
0
/| J— -
\\
\
Hj_
1 H- A9
59 (2425 + 2325 ) (—nb + 01t (136)
w,
A0 oo
‘ \
\\
+
Hj
L Agt | gAg+ Hf | A
592 (ZiIZjl + Zi2zj2) ( —DPu +pu') (137)
Wi
T —— .
\\
\
H;
i ZHZ+ ZHz+ Hy h; 1
592\ %i1 451 — L2452 )\~ Pu + Dy (138)
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By mm=mm-
\
\\
+
Hj
i H 7+ H 7+ HF | hs
592 (Zil Zj1 = Ziz Zj?) ( — Pu +p,j) (139)
T
\
\\
+
Hj
, : Hf  HS
idij (91 cos Oy + g2 sin @W> ( —pu’ +Dpu ) (140)
Z,
HS --->--(r(r‘
\
\\
+
Hj
7 . Hf H-
§5ij ( — g18in O + ga cos 9W) ( —Pu’ T Dput ) (141)
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Gy
ditt1 ===~ (\’J/’J

\

djeop
i 5 5 )\’Y J;ftQB Jifcm
~ 5930mte20ijAg o\ —Pu T TP (142)
Tu
ditt10 == 9=~ (\'J/r‘
\
diteop

— ééagdij ( — 2giconj (ZD (gtl) (ftl, 2)) cos Ow ZD (gt?) (ft?, 2) + conj (ZD (gtl) (ftl, 1)) ( — 3g2sin O + g7 cos @W)ZD (gt2)
(143)

digt1 == B = .

\

\

diteop

7

“0adi; ( — 2g;conj (ZD (gtl) (ftl, 2)) sin Oy ZD (gt2) (ftZ, 2) + conj (ZD (gtl) (ftl, 1)) (392 cos O + g1 sin @W) 7D (gt2) (ft2, 1

(144)

29



Wi
ditt1 ===~ (\’J/’J

\

UWigeop
1 @ 5
— i 2000] (ZD (gtl) (ftl, 1))5aﬂ5ijzu(gt2) (ft?, 1) ( — pes pZ”“‘*) (145)

Tp

- +--(r/

h\
\

€2

%51-]- (2glconj (ZE (gtl) (ftl, 2)) cos @WZE(th) (ft?, 2) + conj (ZE (gtl) (ftl, 1)) (gl cos O + g2 sin GW) 7ZE (gt?) (ft?, 1)) ( — 7

(146)
Zy
€ifg1 —— —B—— ('J/r‘
X

\

ok
€jf2

%5”- ( — 2gjconj (ZE (gtl) (ftl, 2)) sin Oy ZE (gt?) (ft2, 2) + conj (ZE (gtl) (ftl7 1)) ( — g1 8in O + go cos ®W> ZE(th) (ft?, 1))
(147)
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+
W,
€ift1 ___»__(\'J/’J

\

J
1 3 o3 €ift1
g geen (ZE (gﬂ) (ftL 1))%( —pi +py ) (148)
v
Uiftla — = —= (\'J/r‘
\\
Uigop
) a0 _
- 5935&1&25@)\%7&( —pi" + pﬁ‘““) (149)
Vi
Uitt1o = = == (\'J/r‘
\\
Ujtiog

— ééagéij (4glconj (ZU (gtl) (ftl, 2)) cos Oy ZU (gt?) (ft?, 2) + conj (ZU (gtl) (ftl, 1)) (3g2 sin Oy + g1 cos @W)ZU (th) (ft?, 1
(150)
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Wi
Uiftla — = B (\'J/’J

\

dieop
1 7 _
— i 2000] (ZU(gtl) (ftl, 1))5a55ijZD (gt2) (ft?, 1) ( _ pimas pg“tla) (151)
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+ 2conj (ZD (gtl) (ftl, 2)) ( — conj (ZD (gt2) (ft27 2)) (5045567 ( (2g% - 3g§)5i15jk + 9g§5ik5ﬂ)
+ 60055 ((ng - 3g§)5ik,5jl + 99§5iléjk))ZD (gt3) (ft3, 2) 7D (gt4) (ft4, 2)

+ conj (ZD (gt2> (ft2, 1)) (6@% (9g§5ik5leD (gt3) (ft3, 2) 7ZD (gt4) (ft4, 1) — Sudj (18Yd’file7 1 ZD (gt3) (ft3, 2) ZD (gt4) (ft4, 1

_ 5M§B§( — 926,05 7D (gt?)) (ft3, l)ZD (gt4) (ft4, 2) + 631051 (18Ydfikyd,ljZD (gt?)) (ft37 1) 7ZD (gt4> (ft4, 2) + (3g§ + g%) ZD (gt:
(293)
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dift1a €jft2

T"Q(swaikaﬂ (conj <ZD (gtl) (ftL 1)) ( — 2conj (ZE (gt?) (ftz 2)) (6y;jlyd,kiZD (gtg) (ft37 2) ZE (gt4) (ft4, 1) + g%ZD (gt?)) (ft3 1:
+ 2conj (ZD (gtl) (ftl, 2)) ( — 2¢2conj (ZE (th) (ft2, 2)>ZD (gtS) (ft3, 2) 7E (gt4) (ft4, 2) + conj (ZE (gt2) (ft2, 1)) (

(294)

X )

~ % ~*
Uittas dkfti’w

ditt 10 Ujtt2p

= <2C0nj (zD(gt1) (1t1.2) )z (gt3) (163, 2) (conj (20U (gt2) (12.1) ) (= (395 + 93 ) San st + 9asd ( = 2VidBundinYans +
+ conj (ZU (th) (ft? 2)) ((393 n zlgl)csm(sﬁ(5 9935(15%)5 k5leU<gt4> (ft4, 2))

_ conj (ZD (gtl) (ftl 1))ZD (gt3) (ft3 1) (Conj (ZU (gt2> (ft2 1)) (186(156,@7 (ggéﬂéjk + g§(5ik5ﬂ) + ( ~ 692 — 9g2 + gf)écwéﬁgé )
+ 2conj (ZU (gt2)( 2 2)) ( 292 + 393)5a75ﬁ55 k01— 95@657( 2V 6k Yasi + g§§ik5ﬂ))ZU (gt4> <ft4, 2)))

(295)

~ Tx
174 Aty

x A
// \\

dift1a vj
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12%5 L0 l(zg%conj (ZD (gtl) (ftl, 2) ) 7D (gtS) (ft37 2) + (393 + g%)conj (ZD (gtl) (ftL 1))ZD (gtB) (ft3, 1))

~ % =%
Uiteas CLt3
\ 7/
\N 7/
\%4
/7 \
/ \
/

dift1a Vi

— %5a55i15jk (2Ydﬁilconj (ZD (gtl) (ftl, 2))n,ijE (gt?)) (ft3, 2) + g2conj (ZD (gtl) <ft1, 1))ZE (gt?)) (ft3, 1))ZU(gt4) (ft4, 1)
(297)

~ =%
€fta Crtt3

€ift1 €2

( conj (ZE (gtl) (ftl 1)) (<91 + 92)conJ (ZE (gt?) (ftz, 1)) <5ikaﬂ n 5i15jk) ZE (gtg) (ft3, 1) ZE (gt4) (ft4, )

— 2conj (ZE (gt2) (ft2 2)) (5 ( 2V, Yo i ZE (gt3) (ft37 2) 7ZE (gt4) (ft4, 1) + g27E (gt3) (ft37 1) 7E (gt4) (ft4, 2)) + 80 (
+ 2conj (ZE (gtl)((ftl ))(( 2g2conj (ZE (th) (ft2, 2)) (5ik5jl n 5iléjk) 7E (gtS) (ftS, 2) 7E (gt4) (ft4, 2)

2
+ conj (ZE (gt2) ft2 1)) ) ( 2V, Y, 1, ZE (gt3) (ft3, 1) ZE (gt4) (ft4, 2) + g?ZE (gt3) (ft3, 2) ZE (gt4> (ft4, 1)) + 5il(5jk( §
(298)
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- %conj (ZU (th) (ft2, 1))55751»[(5% (2Yefilconj (ZE (gtl) (ftl, 2))Yd7ijD (gtS) (ft3, 2) + g2con (ZE (gtl) (ftl, 1) ) 7D (gtS) (ft3,

(299)
azkftélé é;;ft?)
\\ 7/
% A
\v/
/7 \
PN
// \\
€ift1 Ujft2p
%5655ik5j1 ( — 2¢2conj (ZE (gtl) (ftl, 2))ZE (gt3) (ft3, 2) ( _ 4conj (ZU (th) (ft2, 2))ZU (gt4) (ft4, 2) + conj (ZU (gt2) (ft2, 1))
(300)
v €ktt3
\ 7/
~ A
\v/
/7 \
PN
// \\
€ift1 U;

<2conj (ZE (gtl) (ftl, 2)) ( — 2V 00k e gy + gféikéjl)ZE (gtS) (ftS, 2) + conj (ZE(gtl) (ftl, 1)) ( — 2625651, + ( — g+ gg)é
(301)

IS
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i

= ( _ conj (ZU (gtl) (ftl, 1)) (conj (ZU (gt2) (ft2, 1)) (5a55m (18g§5ik6ﬂ n ( — 6g2 +9g2 + g%)zsﬂcsjk)

+ Oar 05 (1Sg§6i16jk + ( — 692 + 992 + g%)&ikéﬂ))ZU (gtB) (ftS, 1)ZU (gt4) (ft4, 1)

+ 2conj (ZU <gt2) (ft2, 2)) (%555( — 992648;,ZU (gt3) (ft3, 2) A (gt4) (ft4, 1) + 85051 (18Yuﬁ YuriZU (gtg) (ft3, 2) A (gt4) (f
+ 5@557( — 992044,0,1ZU (gtS) (ft3, 1) A (gt4) (ft4, 2) + 80 (183/;, 1YusiZU (gtg) (ftg, 1) ZU (gt4) (ft4, 2) + ( — 242 + 3g§) ZU
+ 2conj (ZU (gtl) (ftl, 2)) ( — conj (ZU (gt2) (ftQ, 2)) (5@% (( — 32+ ng)ailajk + ggg(sikaﬂ)

+ 60055 (( —3¢g% + 895)5%511 n 9g§5“5jk))ZU (gtB) (ft3, 2) Al (gt4) (ft4, 2)

+ conj (ZU (gt2) (ft2, 1)) (&maﬁ7 (99§5ik5leU (gt?)) (ftS, 2) 7U (gt4) (ft4, 1) + 80 ( —18Y )Yy 42U (gt3) (ft3, 2) Al (gt4> (ftz

+ b0 (99300 2U (83) (£63,1) 20 (t4) (64, 2) + 050 = 18¥;1 052U (83) (£63,1) 20 (04 ) (104, 2) + (203 — 393) 20 (2

(302)
Y {‘thsy
\ 7/
> A
\N 7/
//V\\
A %
// \\
Uit 1o U;
%%ﬁik% (( —3g2 + g%) conj (ZU (gtl) (ftl, 1) ) 7U (gtS) (ft3, 1) — 4¢2conj (ZU (gtl) (ftl, 2) ) 7U (gts) (ft3, 2))
(303)
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- %(9% + g%) (5ik5jz + 5iz5jk) (304)

8.8 Two Scalar-Two Vector Boson-Interaction
W Wi

v I

1 1
(5982823 + 50324735 ) (9 (305)

Z, v Z:Uf

( + 593 cos @%,ZﬁZJAl + g1 g2 cos Oy sin GWZﬁZjAl + 59% sin @%VZﬁZﬁ

+ 595 cos @%VZ,SZjAg + G192 cos Oy sin @WZ;%ZJg + igf sin @%Z{%Zﬁ) <9W> (306)
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1 1
( — 59192 cos (9WZ{?ZJ-+1 ~ 59192 cos @WZSZ;Q) (g,w) (307)

Z, Wit

1 ) 1 .
(§g192 sin @WZ;?Z; + 59192810 @WZQng) (g,,,,,) (308)

% Y

1 1
(59192 cos @WZﬁZ;rl + 59192 cos @WZSZ;E) (g#,,) (309)
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(310)

W, Wit

(311)

Zu ZP«

( + 595 cos G%VZgZﬁ ~+ g1 g2 cos Oy sin GWZgZﬁ + 59% sin @%/VZZ-I{Zﬁ
i

2

1

* 2

95 cos Oy Z5 Z 15 + ig1g cos Ow sin Ow Z5 Zj5 + - gi sin @%’VZgZJ%) (g“”>

(312)
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7 7
(— 39192 cos OwziZ} + 39192 cos @WZngE) (QW) (313)
Z, w,r
PN
A
’ \
’ \
h; Hf
(§g1g2 sin @WZng"i — 59192 sin @WZSZJE) (gW> (314)
W; T
[N
’
SR\
/ N
+
h; H;
) )
(— 59192 €08 (91;[/ZZ.JL1"ZJ-+1 + 29192 cOS @WZngg) (g,w) (315)
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{

i .
(§g1g2 sin @WZng"i —3

g1g2 sin G)WZSZE) (gm,> (316)

Yo T

( + 59% cos @%VZﬁZﬁ + ig1g2 cos Oy sin @WZ;{Z;E + 595 sin @%,VZXZ]*1

+ 59% cos @%,VZZ-EZJ-‘E + 191 g2 cos Oy sin @WZ;;Z]-‘E + §g§ sin @%VZEZJ'—E) (g,“,) (317)
Zu Tu
VAN
ot N
HS Hf

( + 59192 cos 2®WZ;IZ]»+1 — ng sin 2@WZ;'{ZJ»+1 + Zg% sin QG)WZ;'{Z;E

+ 9192 cos 2@WZ$ZJ-+2 — zg% sin 2@WZ;5Z;§ + Zg% sin QG)WZEZ;FQ) (gm,) (318)
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i i
(5982525 + 59325755 (9 (319)

Z v Zl‘«

( + 593 cos @%VZ;*IZ]TE — 1g1 g2 oS Oy sin G)WZ;{Z;E

+ %gf sin @%VZ;[Z;E + %g% cos @%VZ;EZJ.JFQ
i

— 19192 cos Oy sin G)WZ;QZ]B + 5

g2 sin O3 25755 ) (9, (320)

gsv Gyp

diftla d;ftgﬁ

( + iggconj (ZD (gtl) (fﬂ, 1))% i LA LZD (th) (ftQ, 1) n iggconj (ZD (gtl) (ftl, 1))% az: N} oA A ZD (th) (ft2, 1) + %g
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n %g%conj (ZD (gtl) (ftl, 2))5”- 23: N} oA 2 ZD (gt?) (ft2, 2)) (gw) (321)

a=1

diftla d;ftgﬂ

( + églgggconj (ZD (gtl) (ftL 1)) cos @Wéij)\gvaZD (gt2> (ft?, 1) %ggggconj (ZD (gtl) (ftl, 1))5”-)\},0‘ sin Oy ZD (th) (ft2, 1)

= % gigsconj (2D (gt1) (1t1,2) ) cos O 0,57}, 2D (12) (162,2) ) (g0 ) (322)

diftla d;ftzﬁ

( - %ggggconj (ZD (gtl) (ftl, 1)) cos @W&-j)\g’aZD (gt2> <ft2, 1) - églggconj (ZD (gtl) (ftl, 1))‘517')‘%,@ sin Oy ZD (gt?) (ft?, 1)

+ % grgsconj (ZD (gtl) (ftl, 2) ) 5is N} o Sin O ZD (th) (ft2, 2)) (g,w) (323)
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i%ggggconj (ZD (gtl) (ftl, 1))51-]-/\557QZU (gt?) (ft?, 1) (gw) (324)

Yo T

, \

dz‘ftla d;ftQ Jé;

( T liggfconj (ZD (gtl) (ftl, 1)) 08 ©2 00504 ZD (th) (ft2, 1) — églggconj (ZD (gtl) (ftl, 1)) €08 O 0o 504 $in Oy ZD (th) (ft2,

+ %g%conj (ZD (gtl) (ftL 1)>6a5(5ij sin ©%,ZD (gt?) (ft2, 1) + %g%conj (ZD (gtl) (ftL 2)) cos @%VéagdijZD (gt?) (ft27 2)) (gw)
(325)

diftla d;ftgﬁ

—zgngCOHj ZD(gtl)(ftl,1) ) cos20wdagdi; ZD|( gt2)(ft2,1 —igfconj ZD(gtl)(ftl,1) )dapds;sin20w ZD( gt2) ( ft2,1
6

36
n %g%conj (ZD (gtl) (ftl, 1) ) Sagd:; 5in 201 ZD (gt2> (ft2, 1) . égfconj (ZD (gtl) (fu, 2) ) Jagdi; 5in 201 ZD (th) (ft2, 2)) <g,w)
(326)
v Wl
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%%glggconj (2D (st1) (11,1) ) cos O sty 20U (s12) (£62,1) (g, ) (327)

&iftla d;ftgﬁ
% g2conj (ZD (gtl) (ftl, 1) ) S0p0:;ZD (th) (ft2, 1) (gl“,) (328)
Z Zy,

diftla d;ftgﬁ

( + ;ggconj (ZD (gtl) (ftl7 1)) cos @%Véalg&;jZD (gt?) (ft?, 1) + églggconj (ZD (gtl) (ftl, 1)) cos O dagdi; sin Oy ZD (th) (ft2, 1

n f—gg%conj (ZD (gtl) (ftL 1))5a55ij sin ©2,ZD (th) (ft2, 1) + % g2conj (ZD (gtl) (ftl, 2))5aﬂ5ij sin ©2,ZD (gt?) (ft2, 2)) (gw)
(329)
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— %\%glggconj (ZD (gtl) (ftl, 1))6aﬂ§ij sin Oy ZU (th) (ft2, 1) (gm,) (330)

€ift1 g2

( + %g%conj (ZE (gtl) (ftl, 1)) cos @%VéijZE (gt?) (ft2, 1) + ig1 gaconj (ZE (gtl) (ftl, 1)) cos Oy d;; sin Oy ZE (gt?) (ft?, 1)

+ %g%conj (ZE (gtl) (ftl, 1))5”» sin ©2, ZE (th) (ft2, 1) + 2ig2con] (ZE (gtl) (ftl, 2)) cos ©26;,ZE (gt2) (ftQ, 2)) (g,w)
(331)

€ift1 €lteo

( + %glggconj (ZE (gtl) (ftl, 1)) €os 20y, 6;; ZE (gt2) (ft2, 1) — %g%conj (ZE (gtl) (ftl, 1))5ij sin 20y ZE (gt2) (ftZ, 1) + ig%conj{

— ig2conj (ZE (gtl) (ftl, 2) ) 57 $in 20y ZE (gt2> (ft2, 2)) (g,w) (332)
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— i%glggconj (ZE (gtl) (ftl, 1)) cos Oy 0;; (gw) (333)

€ift1 € t2
% gioonj (2B (gt1) (t1,1) )6,,ZE (£2) (162,1) (9,0 ) (334)
Z Zy

( + %g%conj (ZE (gtl) (ftl, 1)) cos @%,V(SijZE (gt2) (ftZ, 1) — 1g1gaconj (ZE (gtl) (ftl7 1)) cos Oy d;; sin O ZE (gt2) (ftQ7 1)

+ %gfconj (ZE (gtl) (ftl, 1) ) 5. 5in ©2, ZE (gt?) (ft?, 1) + 2ig2con] (ZE (gtl) (ftl, 2) ) 5 5in ©2, ZE (gt?) (ft2, 2)) (gw)
(335)
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i\%glggconj (ZE (gtl) (ftl, 1))51-]- sin Oy (g#,,) (336)

~ o
Uiftla ujftglg

(+ L eons (20 (1) (11.1) )5, SN 20 (g2) (f21) + ! geons (20 (g1 (11,1)) 5 SO 20 (g12) (f2.1) + i

a=1 a=1

+ %g%conj (ZU (gtl) (ftl, 2))5”- 23: N} oA W ZU (gt?) (ft?, 2)) (gW) (337)

a=1

~ o
Uiftla ujftglg

( + églggconj (ZU (gtl) (ftl7 1)) cos @Wéij)\g’aZU (gt2> (ft2, 1) + %ggggconj (ZU (gtl) (ftl, 1))615)\%7& sin Oy, ZU (gt2) (ftQ, 1)

+ % g1g3c0nj (ZU (gtl) (ftl, 2)) c0s O iz \} , ZU (th) (ftQ, 2)) (g,w) (338)
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z% 4293CON; (ZU (gtl) (ftl, 1) ) 5is A} ZD (gt?) (ft?, 1) (gw) (339)

Z, Iy
\\\l/‘/
A \\
/
, \
ﬂiftla ﬁ;ftgﬂ

( + %ggggconj (ZU (gtl) (ftl, 1)) cos @Wéij)\gﬂZU (gt2> (ft?, 1) églggconj (ZU (gtl) (ftl, 1))52-]-)\%7& sin Oy, ZU (gt2) (f‘527 1)

_ % g1gsconj (ZU (gtl) (ft1, 2) ) 5is A} sin Oy ZU (th) (ftZ, 2)) (g,w) (340)

Yo T

, \

- .
Uiftla Ujtap

( + 1i8gfconj (ZU(gtl) (ftl, 1)) cos @%Vdag&jZU (gt2) (ft2, 1) + églggconj (ZU (gtl) (ftl, 1)) cos O dagdi; sin Oy ZU (gt?) (ft?,

+ %g%conj (ZU (gtl) (ftl, 1))504,@5@‘ sin ©%,ZU (gt2) (ft2, 1) + %g%conj (ZU <gt1) (ftL 2)) cos @%VéaﬁéijZU (th) (ft2, 2)) (g,w)
(341)
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%%glggconj <ZU (gtl) (ftl, 1)> cos Ow 0ap0;;ZD (gt?) (ft2, 1) (gw) (342)

(+ égl gaconj (22U (gt1) (£61,1) ) cos 20 800,20 (212 (162,1) - %gfconj (20 (gt1) (11,1) ) 6ap0y; sin 20 2U (g12) (£62,1)

+ %g%conj (ZU (gtl) (fu, 1))564,5”- sin 20y ZU (th) (ft?, 1) - %gfconj (ZU (gtl) (ftl, 2))504,5” sin 20y ZU (gt?) (ft?, 2)) (g#,,:
(343)

Uift1a Tipiop
— %%glgzconj (ZU (gtl) (ftl, 1) ) (5(15(51-]- sin Oy ZD (th) (ft2, 1) (g,“,) (344)
W, Wi
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%g%conj (ZU(gtl) (ftl, 1))5a55ijZU (gtz) (ft27 1) (g,w) (345)

( %ggconj (ZU (gtl) (ftl, 1)) cos G%V(SaﬁdijZU (gt2> (ft2, 1) — églggconj (ZU (gtl) (ftL l)) cos Oy dagd;; sin @WZU(th) (ft2, 1

+ — gconj (ZU (gtl) (ftl, 1))5a35i]« sin e)%VZU(th) (ft2, 1) n %gfconj (ZU (gtl) (ftl, 2))5@3% sin @%VZU(gtz) (ft2, 2)) (g,“,>

18
(346)
WV_ Tu
X
/ N

v g2
- i\%glgg cos Oy 6;; ZE (gt?) (ft?, 1) (gw) (347)

Z W
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i\%gl 920,; $in O ZE (gt?) (ft2, 1) (gm,> (348)

W Wk

v I
)/ \\
/ N
U; 2
Lo
592 0ij (QW) (349)
Z, Z,
,/ \\
/ N
Z 7
i 9 . Lo, 2 . .
(591 0i; sin O, + §g2 cos Oy 0;5 + 1g1 g2 cos Oy d;; sin @W> (gm,) (350)

8.9 Four Vector Boson-Interaction

9sv Gy

Jap 94po
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19?2,( - 28: fo5af87a — 28: foz,’y,afﬁ,é,a) (gpa'g;u/) (351)

a=1 a=1
8 8
+ ig?z, ( - Z foz,ﬁ,af'y,é,a + Z fa,é,afﬁ,’y.,a) (gp,ugou) (352)
a=1 a=1
8 8
+ ig?% ( Z fa,’y,afﬁ,zs,a + Z foz,ﬁ,af’y,&,a) (gpuga,u) (353)
a=1 a=1
W, Vi
V[/'pJr Yo
.2 . 2
1gg S eVV (gpog;w) (354)
+ igy sin ©F, (gpugau) (355)
+ _2ig§ sin e%/V (gpugcm) (356)
Z, Wi
wr Yo
(P
5‘95 Sm 2@W (gpoguu) (357)
+ —igs sin 20y (gp,tgw) (358)
+ %g% sin 20y (gpugau) (359)
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W, Wi
W W

2ig2 (gp(, g,“,) (360)
+ —ig5 (g,mgw) (361)
+ _igg (gpugau) (362)
Zl/ Zﬂ
wr W=
. 9 2
- 2292 Cos ®W (gpag/u/) (363)
+ ig2 cos @%V (gpﬂgg,,> (364)
+ g3 cos OFy (gpygw) (365)

8.10

Two Ghosts-One Vector Boson-Interaction
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9o () (366)
W,
N -
-
ig2 sin Oy (pzw) (367)
Wl
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-
gy sin O (pz”) (368)
T
N -t C
.\
o
— gy sin O (pz’ ) (369)
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-
— gy cos Ow (Pl 370
ig2 cos Ow ()] ) (370)
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77_’7 .-y - ]
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iga sin O (pu ) (371)
Wit
,,fZ i
3
n
. n-
igs cos@w(pu ) (372)
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fr]"!‘ . 4. . .
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nt
igo sin © U 373
igz sin O (o) (373)
Wy
77_’7 .-y - ]
>
nt
— g2 sin Oy (pf) (374)
W,
7]72 - C
>
nt
— igo cos O (p;f) (375)
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g .
igo cos Oy (p:f) (376)
Wi
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igo cOS Oy (pzz) (377)
Wit
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g .
— igo cos O (p;f) (378)
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8.11

Two Ghosts-One Scalar-Interaction
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— oW~ (vdzg‘l . uuZ;;‘Q) (380)
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77_Z .- - /
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égz (29192 cos 20y + ( — g% + g%) sin QGW) (vdZ,ﬁ + vuZ,g) (381)
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771 .- - /
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) .
Zgzﬁwf (91 cos O + ga sin @W) (vdZ,j'l — vuZ,j'Q) (382)
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nl .- - //
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) .
192§W* (91 cos O + go sin @)W) (vdZ,jl — vuZ,j'z) (383)
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/
/
/
/
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-
>
-
)
— <g3ew- (vaZfl +vuz5) (384)
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- Eggfz <91 sin Ow + go cos @W> (vdZ;'l vuZ,jz) (385)
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/
/
/
/
/
/r’l . - - .{
>
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7
— 938w~ (vdZﬁ + vuZ;fz) (386)
H,;
/
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7/_2 .- - /
77-‘1-
{ .
— 192z (91 sin Ow + go cos @w) (vdZ,jl - vuZ,jz) (387)
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g7 -
T]Z
( : 2 H H
- &2 (91 sin Oy + go cos @W) (Udel + UquQ) (388)
Hy,
/
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77_— .- - /
77Z
iggfwf ( — g8 Ow + go cos@W) (WZ,; - vuz,;g) (389)
Hy
//
nt . - /;
nZ
iggfw— ( — g1 8in Oy + go cos @W> (vdZ,:rl — vuZ,;LQ> (390)

9 C(Clebsch-Gordan Coefficients
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