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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
U | M U U(1) 9 additional
1.2 Chiral Superfields
SF Spin 0 Spin 3 Generations | (U(1) ® SU(2) ® SU(3) ® U(1))
q q q 3 (5:2,3,Qq)
l ] ! 3 (-1,2,1,Q,)
Hy Hy Hy 1 (—1.2,1,Qn,)
H, H, 1 (2,2,1,Qn,)
d dy dy 3 (3:1,3.Qa)
(@ up up 3 (—3.1,3,Qu)
é e et 3 (1,1,1,Qc)
SF (VR) conj (SVR) conj (FVR) 3 (1,1,1,Q,)
3 S S 1 0,1,1,Q,)

2 Superpotential and Lagrangian
2.1 Superpotential

W= = YadqHa — Yool Ha + N, Has +Y, [, SF(VR) + Y, aq A,
2.2 Softbreaking terms

—Lspw = — HYHLST\ + Hy H,f STy + Hd}, ;0008dL.j8Ta.i; — Hy djy ia0aptiv,jpTaij
+ HYeh 60, Tei; — Hy €5 00 Te; — Hi W i000pdL s uij + Hoth ia0asis jsTui
— H conj (SVR({gt3}))éL7iTu7ik + HYconj (SVR({gt3}) ) vri Ty + hc.
—Lsp.g = +mi, [HY? + miy, |Hy | +m3y [H? +miy, [HF >+ mE|S|® + df, o 0asme ;drL.s

T 2 7 ~% 2 ~ ~% 2 = ~ % 2~
+ dRiadapMyi;dR,j8 + €L Mi ;€L + €RiMe j€R,j T UL ja0apMy i;UL,j8



+ ﬂ},mda[gmiijﬁg,j/g + 5z,im12,ij’7L,j + conj (SVR ({gtl}))m?jyijSVR({g&}) (3)

1
—LSB,A = 5 (/\QBMléz] + /\?]Mz(sij + MQ(Sij/\W,i)‘W,j + Mg(sij/\gﬂ/\gwg + h.C.) (4)

2.3 Gauge fixing terms

2.3.1 Gauge fixing terms for eigenstates ’GaugeES’

1 _ 1 _ 1 _ 1 _
Lgr = — §|8MB|2§BI - 5‘8u9‘2§g 1— §|auU‘2§U1 - §|auW‘2§W1 (5)

2.3.2 Gauge fixing terms for eigenstates ’EWSB’

1 _ 1 _ 7 _ N 9
Ler = — §|aug|2£g 't §‘au7|2§w b | - 592 (Hd Vd — quJ’ )gw— + oW ‘2§W1,
1.1
~ 2= (20.2
2 | 2 < aﬂ
+&z (gg <Ud’l}d — Juvu) cos Ow cos @'y + g1 (Udvd — auvu) cos O’y sin O
+2g, (QHdUdUd + QH,0uvy + Qsasvs> sin @/W>> Kzh
1.1
(0,7
313 (20
+ &z (29p (QHdUdUd + Qu, 040y + Qsasvs) cos Oy

— (Ud’Ud — quu) <g1 sin Oy + g cos @W) sin @’W)> |2€§,1 (6)

2.4 Fields integrated out

None

3 Renormalization Group Equations

3.1 Anomalous Dimensions

1

7D = -5 (45g§ +6092Q% + 80g3 + g%) 1+Y,] Y.+ Y]y, (7)
1

'yéz) =500 (253911 +10g% (4(3956241 (10Qq —18Qu —3Qu, +3QH, +9Qa + 9Qe —9Qq + 9Qv> + 49%) + 995)

+ 25(135g§ +72g2 (3g§Q§ + 4g§)
+ 8(4sg§g§Q§ —dgt+ 94 Q> (20@3 +2Q%, +2Q% . +3Q% +3Q% +6Q2 + 9Q% + 9Q2 + QQ))))l

4
+ 5gfyjyu +202Q%. Y.V, — 202Q2Y,Y, + 207Q2Y Y,



— \2YY, 2y vay iy, — 2viv, Yy,

2
+Yly, (zggQ?i +202Q%, — 262Q2 — 3Tr(YdeT) +Eh - T (Yeyj))

-3y v (v ) - Vv (v

1
NO o (1503 + 200202 + 363 )1+ VIV + VY]

32 = - (26101 + 3003 (362 — 402, (3Qu + 3Q. +3Qq +3Qu —4Q, — 6Qu — Qu, + Q)

100

+ 25(1592 +240262Q% + 8¢ Q2 (18Q2 +2Q3%, + 2Q3%, + 3Q% + 3Q2 + 8Q2 + 9Q3 + 9Q2 + Q? )))

6
+ =gV 4 2005, VY, - 20,00V, 4+ 2,00V,
—NPYrY T —ovivyly, —2vyvIyryr

6
YV, (20202 + 202Q%, — 20202 — 3T (Yav] ) + 27 — A2 - T (VY

— 3V Y T (YHYJ ) VYT Ty (Y,,Yj)

1 3
1) = 2203, + 3Tr(YdeT) 1091 — 5B AP Tr(Y YT)
(2) 261 9 5 15

18 18 4 12
4 2 22
Vi, = +mg1 + 09192 + Z92 - 7glgdeQHd - 91gpQ Qu, + 5 —919,Qm,

+ 69592 Q%r, + 189,QaQ%, + 69,Q2Q%;, + 89, Q%r, — glgpQHdQH

18 , 18
+49,Q%,Qfr, + £ 919,Qu,Qa +120,Q1, Q5 — + 919, Q11,Qq + 369,Q71, Q5

18

+29,Q7%,Q7 + *glgpQHdQu +180,Q7, @ — £ 919, Qu,Qu + 69,Q%, Q3

2 6
C3a2ae2 g( _ 5( ( Qi, +Qi+Q ) + 8g§) +g§)Tr(YdeT) n 5ngr(y YT)
+ 29§Q3Tr (YeYJ) — QggQ%dTr(YeYJ) + QQZ%QgTr (y‘ey(j)
— AP (29,3( - Qf, — Qi+ qud) + 3Tr(YuYJ) + Tr(YVYlj“)) _ 9Tr(YdeTYdeT)
— 3Ty (YdYJYqu) _3Tr (YeYeTye yeT) _ Tr(YVYVTYeTY?)

= 202Q% + 3Tr(YuYJ) - 1%91 - ggz + A+ TF(Y YT)
o _ WLy 9 15 , 18 18 6
Yo, = +100 1+ 7= 10 9195 + ZQQ 91gdeQH + 919;;@ Qu, — glgpQHdQH
12
+ *919pQH + GQQQpQH + 189deQH + 69pQ Q. + 4gpQHdQH

5
4.4 18 2 2
+ SQpQHu 5 glgpQH Qq + ]‘2gpQH Q 7glgpQH Qq + 369pQH Q
36 18
+20,Q%, Q% — S 010,Qn, Qu + 186,Q%, Q% + £ 9195 Qn, Qu + 69,0, Q7



=N AR (202 (- Q% + Q% + Q%) - 3Te(vax]) - (v ))

+ %(zgf +5(302(— @, + Q2+ Q%) +863) ) Tr(vay)) + gg%Tr(YVYJ )
—202Q%, T (vY)) +202Q2Tx (Vv ) + 222 (Vi v ) - 3T (vav vy )
— 9T (v vy ) = 3T (vy vyl - T (v vy

v =ovyv] - 135 (159203 + 2093 + 97 )1

7P = +% (12801 + 1003 (392Qa (11Qu ~ 18Qu — 3Qu, +3Qu, +9Q. — 9Q, +9Q, +9Q.) + 893 )
—25( — 48630203 + 494 — 993Q3(11Q3 + 18Q2 + 2%, +20%, +3Q2 +3Q2 +6Q2 + 902 + Q2) ) )1
—2(Yavdvavd + vivIvevl)
VYT (=22 = 2T (VoY) — 49203 + 492Q%, + 402Q3 + 693 — 6Tx (YY) + %g%)

AV = ovrv T - 135 (150202 + 2003 + 493 )1

42 = +% (536931 + 2042 (16g§ - 3g§Qu( —22Q, — 3Qu, +3Qm, +9Qu + 9Q. — 9Q, + 9Q, + 9Q,
- 25( — 48020%Q2 + 49} — 9g1Q? (11@3 +18Q2 + 2Q%, +2Q%, +3Q2 +3Q2 + 6Q +9Q2 + Qi))) 1

- 2(Y; YIv; YT + v vIyry?r )

N—
N—

* 2
+ VYT (=2 2 (YY) +4g2Q%, + 49202 — 492Q2 + 693 — 6Tx(V.Y) ) — 2}
2
vV =ovy] - : (39? + 59§Q3)1
2
o= (14497 + 3093920, (3Qu — 3Q, + 3Q, +3Q, +5Q. — 6Qu — Qu, + Q)
+ 259502 (18Q2 + 2Q%, + 2Q%, +3Q2 +5Q2 + 6Q2 + 93 + 92 + Q%) )1

_ 2 (Ye* Yy YVT YeT + Ye* }/ET Ye* Y;T>

7 =+

6
VYT (=2 -2 (VoY) — 49202 + 4920, + 492Q2 + 603 — 6Tx(YaY] ) — 24?)
2
/D= 2wy, - 2 (368 4 5202 )1
SF| vR 5
2
7| = o (14491 + 3097620, (3Qu + 3Q. = 3Q, +3Q, +5Q, — 6Qu — Qu, + Q)

SF

(

vR
+25¢,Q7 (18@3 +2Q%, +2Q%, +3Q2 +5Q7 +6Q7 +9Q7 + 9Q5 + Qi)) 1

- 2(YJYVYVTYV n YteTYe*YV)



6
+ YTY,,< oA - 2Tr<Y,,Yj) +402Q% +49°Q2 — 4g2Q% + 697 — 6Tx (Yuyj) f ggf)

(1) 29pQ2+2‘)\|2

(2) = +2¢'Q? (18@2 +2Q%, +2Q%. +3Q2 +3Q2 + 3Q2 + 6Q2 + 9Q3 + 9Q> ) 4A2\2

+ g|A\2(39% + 1562 + 1092Q%, + 1062Q%, — 10g2Q2 — 15Tr (YdeT) 5Tt (Yeyg)

—15Tr (YuYJ ) - 5Tr(Yl,YJ ))

3.2 Gauge Couplings

5(1) — g 3

BY) fgl (30791 +135g5 + 44093 + 6095 Q7 + 180g;Q2 + 3097Q%, + 309,Q7;, + 90g5Q;
+ 809202 + 24002Q% + 180922 — 30|\ — 70T (Vv ) — 90Tr (Vo) - 130T (v,
— 90Tr (YVYJ))

5(1) —

B2 = fgS (997 + 1253 + 12093 + 10g2Q%, +10g2Q%, + 3062Q2 + 90g2Q2 — 10]A
— 30Tt (YdeT ) - IOTr(YeYeT> — 30Tr (YuYJ ) —10Tr (YDYJ ))

5 = sl
=2g¢3(11 20Tr (YY) — 20T (Y, V) 4 3092Q32 + 3002Q2 + 45¢2 + 60g2Q2 + 7093

5 93 gl I d d r udqy + gde + gpQu + 92 + gqu + g3

B = gp (18@2 +2Q7, +2Q%, +3Q7 +3Q% +6Q7 +9Q7 + 9Q% + QQ)

(25)

52 = 293 (697Q% + 1200303 + 9043Q1 + 186702 + 30631 + 3630}, + 15630},

+20g;Q7, + 391 Q7% +1593Q%, +2092Q%;, + 997 Q7 + 4595Q7 + 60g7Q;
+397Q2 + 13595Q2 + 240g5Q2 + 18092Q4 + 10g2Q? + 2497 Q2 + 12093Q?

+9092Q% + 18¢2Q2 + 3092Q" — 10(QHd +QY + Qi) A2 — 30(@3 +QY, + Qg)Tr<YdeT>
- 10Q§Tr(YeY; ) - 1OQ§{dTr(YeYJ) _ 10Q§Tr(Yng) ~ 30Q%. Tr (YuYJ )
- 30Q§Tr(YuYJ ) — 30Q2Tr (YUYJ ) - 10Q%,uTr(YZ,YJ ) - 10Q§Tr(YVYJ)

- 10Q2Tr(Yl,Yj)>



3.3 Gaugino Mass Parameters

Eiv

6(2)

3(

BJVIQ

B =

B

B,
6(2)

84
= €Q1M1

2
= 5501 (614g§M1 + 13595 My + 44093 My + 44093 M3 + 13595 My + 6092 M1 Q7 + 6092 MzQj

+ 18092 M1 Q2 + 18092 Mz Q2 + 3092 M1Q3;, + 3092 Mz Q% + 3092 M1 Q7 + 309, M2 Q3;,
+ 9092 M1Q7 + 9092 Mz Q7 + 3092 M1 Q7 + 3092 Mz Q7 + 24092 M1 Q% + 2409, Mz Q%

+ 18092 M, Q2 + 18092 Mz Q2 — 30\" <M1>\ — TA) — 70M, Tr (YdeT ) — 90M, Tr (YeYJ )
— 1300, Tr (Yuyj ) - 90M1ﬂ(YVYj ) + 70Tr (Y; Td) + 90Ty (Yg Te) +130Tx (Yj Tu> +90Tr (YJ Tl,))
= 2g My

ng (9glM1 + 12092 Ms + 992 My + 25063 My + 1202 M, + 102 M7 Q% + 10g2MoQ%,
+ 1og§MzQHu + 1092 M2Q, + 3092 Mz Q3% + 3092 M Q2 + 9097 Mz Q2 + 9092 M>Q?
— 100" (MQA - TA) — 30MTr (YdeT ) - 1OM2Tr(YeYeT> — 30MyTr (YuYJ ) - 10M2Tr(YVYJ )
+ 30Tr(Yj Td> + 10Tr(YJ Te> + 30Tr(YJTu) + IOTY(YJTV))

—6g3 M3

7g3 (ng%Ml + 1192 M; + 4593 My + 14092 Ms + 4593 My + 3092 M Q2 + 3092 M Q3
+ 6092 M3Q2 + 609> Mz Q> + 3092 M3 Q> + 3092 M Q2% — 20My Tr (YdY )
— 20M;Tr (Yuyj ) +20Tr (Y; Td) +20Tr (YJ Tu))
=2g2My (18@3 +2Q%, +2Q%, +3Q7 +3Q2 +6Q7 +9Q7 + 9Q% + Q§>
202 (6070, Q3 + 12030505 + 63 M7 Q3 + 1203 M Q3 + 180620, Q% + 18970, Q?

)
+18¢7 Mz Q7 + 609, Mz Q¢ + 391 MiQF;, + 391 Mz Q7 + 1595 Mz Q% + 1595 M2Q7,

+ 409 MZQHd + 39 MlQH + 39 MZQH + 159 MZQH + 159 M2QH + 409 MZQH
+ 997 M1Q2 + 99T Mz Q2 + 4595 Mz Q3 + 4593 Mo Q2 + 12092 MzQj + 397 M1 Q2

+ 24093 M35Q2 + 39 Mz Q2 + 13595 Mz Q2 + 24093 M 7 Q2 + 13595 M>Q?2 + 36092 M 7 Q)
+20g; M7z Q5 + 2497 M1 Q3 + 12093 M3 Q7 + 2497 Mz Q3 + 12093 Mz Q3 + 18095 M2 @,

+18g2M1Q2 + 18g2M Q2 + 6092 Mz Q4 — 10(Q%, + Q% + Q2N (MzA -~ T
— 30My, (Q§ Q%+ Qg)Tr (YdeT ) —10MzQ>Tr (YYT) — 10M Q% Tr (YEYJ)
- 10MZQ§Tr(YeY;) - 30MzQ§{uTY(Yqu) — 30MQ2Tr (YHYJ) - 30MzQiﬂ(Yuyj)

— 10M4Q% Tr (YVYJ) — 10M Q2T (YVYJ) — 10MzQTr (YVYJ) + 30Q2Tr (Yj Td)



+30Q%, Tr (Yj Td) +30Q2Tr (Yj Td) +10Q2Tr (YjTe) +10Q3%, Tr (YjTe)
+10Q2Tr (YIT.) + 30Q%, Tr (VT ) +30Q2Tr (YT, ) + 30Q3 T (YT, )

n 10@3%1&(1/;@) +10QTr ( T, ) n 10Q2Tr( I ))

3.4 Trilinear Superpotential Parameters

2
Bz

= +3Y,Y, Yy + Yl
16 7
+ Yd( —292Q% — 292Q%, — 29;Q4 — 395 + 3Tr(Yde) -3 Tr(YeYJ))
4
= + 201 YaY [V + 205Q%, YoV [Yu = 205Q0YaY [V
+202Q2Y Y[V, — INPYRY]Y, — 4YaY Yoy Y, — 2vvY, Y v,
—2Y,Y, Y, Y1Y,

4
n YdeYd( —262Q% + 262Q% — 3\[2 — 3Tr(YeYJ) + 602 + 692Q%, — 9Tr(YdeT) ¥ 59%)

— Y,V Y, T (YUYJ ) — Y YV, Tr (YDYJ )

44

1813 15, 8 16
+ Yd( 150 91 T 919 + 502 + 59195 + 80393 — 5795 + 15919, Q4 +3 gsgde

12 99 18
+220,Q + 5 919,QaQe + 69,Q0Q¢ — £919,QuQn, — 5 919,Q Qs

12
+ 5 919,Qt, + 6959,Q, + 2290Q3Q%, + 69,Q2Q%, + 8g,Q7,

g5 +

12

4 6
+£919,QuQu, — £919,Qm, Q. + 492QIQ%, + 49,Q%, Q% — 5 919,QaQq

18 18 6,
+ £ 019,Qu,Qq + 120,Q4Q5 +120,Q7, Q7 + = 919,QaQq + £979,QeQq

2 6 4
- 4919pQHqu + 919pQHqu 919quQq + glgpQ2 + nggpQ2
32 5 92 4 2 2.y 2.y 2
+ 3 ngqu + 5 gdeQq + GQPQqu + ngQHdQ + gpQH Q
422 494 2 2 2
+129,Q2Q7 + 409, Q5 + 29,Q7Q7 + 29, Q%, Q7 + 29,Q2Q7 — fglgdeQu

36 12
+ 0192 Qu,Qu — ggfgﬁQun + 18g§QZQZ + 189,Q%, Q% + 18, Q7 Q"

5
12
+ 5 919,QaQu — glgpQHdQv + glgquQv + 69,Q53Q% + 69,Q7%,Q%
L, 2
+605Q2Q% —3XA"2 — = (= 5302 (— Qb + Q4+ Q%) +863) + g7 x(vav,))

6
+ =gt (Yoy] ) +202Q2 1 (Yoy ) — 20303, e (Yov!) + 20207 (Y. )

10



B

(1) _

A

~ N2 (202 ( - QF, - Q2+ Q%) + 3T (VY ) + (VY] ) ) - o (Yarfvay])

—3Tr(YYiy,y!) - se(v.Yiv.yt) - (v Yy y:
u d e e vie ‘e

V) = 3LV, + VL VYT

9
+ Ye< —202Q2 — 262Q%, — 20°Q2 — 3g3 + 3T (Ydyj) — g AP Tr(YeYj»
6

v =4 g%YY Y, +202Q% Y.V, Y, = 202Q2Y. Y)Y,

+ QgpQTiYeYV VI — ALYy T -4y Yiv Yy, - 2v. v v Y]y,

-2V, Y Y vy !

+ YeYte( —20%Q2 + 22Q2 — 3]\ — 3Tr(YeYeT> + 602 + 602Q%, — 9Tr(YdeT)>
— Y,V Y Tr (Yuyj ) - YeYjYVTTr(Y,,YJ)

837 , 9

5091+ 9192"‘792"‘

18
— £ 919,QaQn, — 6919,QeQu, +

36
—0102QuQe + 12¢797Q2 + 18¢2Q3Q2 + 10g,Q:

+Y( -

12
5 919pQHd + 692gpQHd + 18.gdeQH,,

6
+109,Q2Q%, + 89§Q‘}{d *glgpQ Qu, = £919,Qn.Qn, + 49, Q%,
112 N2 24 6
+4gpQHdQHu g1gdeQq glgpQ Qq g]gpQHqu 91gpQH Qq

24
+ gglgpQQ +6959-Q7 + 1895 QaQ7 + 1892 Q2 Q7 + 169,Q%, Qr

18 18
+4g,Q%, Q2+ 16g5Qs + *glgpQ Qq— =91 195Qm1,Qq — gfgf,Qqu
+369,Q7Q7 + 369;‘§QHJQ2 + 3691362 Qr+ 291,626622 + 2gpQHdQ2

36
+202Q2Q2 — —glgpcz Qu + glgpQHdQu = 192Q,Qu + 1895Q%Q%
5

+18¢,Q%, Q7 + 189, Q2Q% + fg1gpQ Qv — glgpQHdQu - %SQfgﬁQqu

+695Q2Q0 + 695Q%, Q% + 695Q2Q7 — 3AZA™ 5

_ %( —5(302(~ Q% + Q3+ Q2) +83) + 3 )T (vav] ) + gngr(yeyg) +202Q2T (v,
- 2¢;0%,Tr (YYT) + 2g§Q§Tr(YeYeT)

—|A]? (292( - Q% — Q2+ qud) + 3Tr<YuYJ) n Tr(YVYj)) _ 9Tr(YdeYde)

— 3Tr (YdYJ YY) ) — 3Ty (YeYeTYeYeT ) " (Y,,YteTYe*»

—gng — 393\ — 262Q%, A — 202Q% A — 202Q2A + XA + 3ATr (Y )

AT (vy?) 4 e (vy)) 4 AT (v

11



1
D = —-A( — 2619} — 909363 — 37593 + 18097 62QuQu, + 18097 92Q.Qu, — 1209392,

— 300959, QF, — 900g,QaQ%, — 3009, Q2Q%;, — 4009, Q%;, — 18097 92QuQr,,

— 1809797 Qe Q. + 1209792 Qu,Qu, — 1209792Q%;, — 3009592Q7;,

— 9009, Q7Q%, — 300g,Q2Q%, — 400g,Q%,Q%, — 400g,Q%, — 18097 92Qr,Qq
+ 18097 95 Qr, Qq — 6009, Q%, Q2 — 600g,Q%, Q7 + 1809797 Q 1, Qq

— 1809192 Qu, Qq — 1800g5Q7, Q2 — 1800g5Q7;, Q2 — 9009, Q5 Q>

— 3009,Q2Q2 — 300g,Q%, Q2 — 300g,Q%, Q2 — 600g,Q2Q? — 1800g,Q2Q3

— 300g,Q% — 36097 92Q11,Qu + 3609792Q 1, Qu — 900g2Q%;, Q2 — 9009, Q% Q2
— 900g2Q2Q% + 18097 92Q 11, Qv — 18097 92Q 1, Qu — 30095 Q%;, Q>

— 300g,Q%, Q7 — 300g,Q2Q% + 500A* A2

+20( = 5(302(— Q%, + Q3+ Q2) +893) + 3 ) Tr (Yav] ) — 6097 Tr (Vo)
- 1oog§Q§Tr(YeYj) n 1009§Q%,dﬂ(mf;) - 1oog§Q§ﬁ(Yng)
— 40¢2Ty (Yqu ) — 800g2Tr (YUYJ ) +30092Q% Tr (Yqu ) — 3009§Q3Tr(yuyj )
— 3002Q%Tr (YUYJ)
— 10\ (69% + 3092 + 206°Q%, + 206°Q% — 45Tr (Yde ) - 15Tr(Yng ) - 45Tr(YuYJ )
- 15Tr(YUYJ>)
— 60g2Tr (YVYJ) +100g2Q% Tr (YVYJ> - lOOgngTr(YDYJ)
- 100g§Q3Tr(Y,,YJ ) +450Tr (YdeT YY) ) + 300t (YdeYqu ) +150Tr (Yeyj Yeyg)
+ 450Tx (YUYJYuYJ ) +150Tr (YVYJYUYJ ) + 100Tr(YUYJ Y;TYe*»
B — 13V, V1Y, + YIYY,
- YV( —20;Q%, — 29,Q% — 20,Q% — 3¢5 + 3Tr<YuYJ) - ggf +AP TY(YVYJ))

) 6

) = +5leTY Y, +202Q2YIYY, + 202Q% YIYY,
—202Q2YYY, — NPYYY, — 4V Y VY, - 2v, VIV YY,
YTV YIYY, - 3YTYY, T (Yde ) —YTY Y, Tr (Yeyj)

YY1V, (20202 - 202Q2 = 3N — 3Te (Y, V) + 663 + 602Q%, — 9Tr(v,Y ) )

837 9 15 18 18 6
+Y, ( 0 91+ 9105+ 505 + £ 910,QuQu, + £ 919,QeQu, — £919,Qn.Qun,
12
+*919pQH +6929pQH +189 QiQ%, +69 Q2Q%, +4gpQHdQH

)

12



+ 89;@%@ glgdeQq glgpQ Qq+ glgpQHqu glgpQHu Qq

24
+ £019,Q4 + 6939,Q5 + 189,Q4Q5 + 6, Q¢ Q2 +49,Q%, Q7

+ 169,Q%, Q2 + 16g,Qy + *glgpQH Qq — glgquQq + 369§QH Q:
+369,Q2Q7 + 29,Q%, Q2 + 29,Q2Q7% — *919pQH Qu + 919quQu
+ 184, Q%, Q5 + 189pQ 2Qn + *919deQv 919pQ Qv — 919pQHdQu

72
+ 6glgpQH Qv - glgquQv glgquQv - glgpQuQv + 1291gpQ2
+18¢,Q7Q% + 6'9262 Q + 4gpQHdQ2 + 10g,Q7, Qﬁ + 189,Q2Q3
+369,Q2Q% + 29,Q2Q% + 18g3Q2 Q% + 10g, Q5 — 3A*A™?

+ P (202 ( - @3, + @3, + Q) —3me (vay] ) - e (vov)))

2 6
+ = (207 +5(302 (- Qb + Q2+ Q2) +803) ) (vav)) + 2oi (VY
— 26%Q%. Tr (YVYJ ) +2g2Q2Tr (Y,,Yj ) +202Q>Tr (YVYJ ) - 3Tr(YdYuT Y, Y] )

- 9Tr(Yqu Y,V ) — 3Ty (Y,,YJ Y,V ) ~Tr (Y,,YJ YeTYe*))

= 1Y, Y] Y, + 3V, Y]V,

+ Vo ( - 202Q%, - 202Q2 — 202Q2 — 3¢3 + 3Tx (VY] ) - igf - ?gg + P+ T (V)
2

= +5le WYY, 4+ 693V, YV, 4+ 602Q% VLYY, 4+ 202Q2Y, Y] Y,

—2g2Q2Y, Y1V, - 3Py, VY, — 2V, VYY) Y, - 2v, Y] YL vY,

—4Y, YV, Y.y,

P
+Y, YV, (2g§Q§ +202Q%, — 20°Q2 — 3Tr(Yde) + gt - AP - Tr(YeYJ))
—9Y,Y]Y,Tr (Yuyj ) —3Y, YV, Tr (Y,,Yj )

689 4 15 136 16 4
+Yy ( 9 gt + 9195 + *92 + 15 ——9193 + 8395 — 593 919deQHn + 919pQ Qmu,
12 ,

6,

— £919,Qm,Qm, + £ 919,Q, +6939,Q%, + 189,QaQ, +69,Q:Q,
18

+ 4gpQHdQH + 8gpQHu 5 919,Qn, Qg + 1292‘@?{ Q1+ glgdeQq

+ glgpQ Qq — glgpQHqu +4979,QmH,Qq — glgquQq + glngf

+ 6gzgpQ2 fgggpcf + 189deQ2 + 6gpQ Q2 + 4gpQHdQ2

13



o 8 44 24
5 919,QaQu — glgpQ Qu+ £019,Qu,Qu — = 916, Q. Qu + £ 919;QaQu
3 76 32
— £ 910,QeQu + T 910,Q0 + T 939,Q% + 186,Q4Q% + 69,Q2Q

+ 4gpQHdQ2 + 229§QH Q1 +12¢,Q2Q1 + 549, Q2Q7 + 29,Q2Q% + 229, Q.
18 24
+=019,Qu, Qv+ glgquQu — 5 919,QuQu + 69,Q71, Q7 + 69,QQ7
+ 6950202 — 3AN"2 - N2 (202 (- Q3 + Q% + Q) - 3T (vay]) - T (vov))
2 6
+ = (207 +5(302( - Q% + Q2+ Q1) +83) ) (Vv ) + 2ot (YY)
—202Q%, (VX)) +202Q2me (Vv ) + 202@2 T (Vv ) - 3T (vavi vy )

— 9Ty (Yuyj Y,V ) — 3Ty (Y,,Yj Y,V ) - Tr(Y,,YJYeTYe*))

3.5 Trilinear Soft-Breaking Parameters

Br,

B

(1 _

(2)

Taq

16
3 —93T4

— 202Q%Ty — 202Q%, Tu — 292Q% Ty + |\*Tu + 3TdTr(Yde ) n Tﬂ‘r(YeYj)

7
= FAY Y Ty + 2V Y T, + 5TaY Yy + TuY Y, — 5ngd 3¢3T, —

32
JrYd( g1M1Jr

T3 My + 6g3Ms + 4g2M Q3 + 42 M QY + 492 M Q2 + 20Ty + 6T (YTTd)

n 2Tr(Ye T))
6

=+ GYGY Ty + 693YaY, Ty + 892Q%, YaV, Ty — ANYaY, Ty

8
- gglMleY Y, — A4g2 Mz Q% YoV, Y + 42 Mz Q2Y,Y, Y,

8

— 4G, MzQuYaY Y + ot Ya¥ [ Tu + 49, Qi YaY [ T,
—Ag2QIY,Y T, + 4g2Q2YaY, T, — 2| A\*Y,Y,[ T,

6
+ = CRTaY,Ya + 1203T4Y,] Yy — 692Q3TaY Yy
+1092Q%, TaY, Ya + 692 QY Yy — 5|\PTuY,] Yy

4
+ 5g1TdYTY +202Q%, TaY, Yy — 202Q2T,Y,Y,,
+202QTRY,]Y, — INPTLY]Y, — 6Y Y, YoV Ty — 8,V TuY ] v,
— 2V, VYT, — AV, VY, YT, — aYeYiT, Y]V, — 4YdYTT vy,

— 6T,Y Y Y, Yy — aTyY v, Y]V, — 2Ty iy, Y, 4 1813 450 91Ta+ g7 93Ty
15 8 16 44 32
+ 5 02T+ 59105Ta +89395Tu — 595 Tu + 12919, QaTa + 5 959,03 T

14
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(51)



12 22
+229,Q4Ta + nggdeQer +69,Q3Q7 T, — Eg%gdeQHde

18 12
- —919;QeQu,Tu + —9195Q%, Tu + 6959, Q%r, Tu + 229,Q5Q%, Ta

5) 5

6
+69,Q2Q%, Ta + 89, Q1r, Tu + ~9797Qu,Qn,Tu

5
2 2
glgdeQqu +

4
591gdeQH Ty —

12
+49,Q3Q%, Tu + 495 Q%, Q%1 Tu —

18
+126,Q3Q5Ta + 126,Q7,QTa + +919,QuQqTa +

18
5 919,Qu,QqTa

6
£919,QeQqTa

2 6 4
gQ%QI%QHquTd 5919quQqu+ 919pQ2Td

32
+69592Q2Ty + ggggpQQTd + 5495 QIQTy + 69, Q2QT,

+40g,Q%, Q2Ty + 495 Q% Q2T + 1295 Q2Q2T, + 4Og§Q4Td +29,Q5Q3Ty

24
+29,Q%,QTs + 29, Q2 Q3T — 3919deQqu + 91gpQHdQqu

12
- Eg%gngQqu + 1892Q3Q3Td + 189;;@%{{162321 + 189quQde

12 18 6
+ ggfgdeQde 7 —5192Qu,QuTa + 5919quQde +69,Q5Q0 Ty

+69,Q%, Q3 Ta + 69,Q5Q0Ta — 20, Q7 NPT + 295Q%, AT
+ 202 Q2 ATy — BNAPTy — 2N YRV Y, Ty — 12Y,Y] TdTr(Yde )

—4979,Qn,QqTy +

P
— 15T, YdTr(Yde ) - gngdT]r<YdY ) + 1ﬁg§TdTr(Yde)
+6g2Q3T, Tr (YdeT ) — 692Q%, TuTr (YdeT ) + 662Q2T Tr (YdY; )
— AY,Y] Ty Tr (YeYT ) — 5T,Y] Yy Tr (YeyT ) + g Ty Ty (Y ! )
+202Q2T, T (Y vi ) — 262Q%, TuTr (Y vi ) +22Q2T Tr (Y YT)
— 6,V T, Tr (YuYJ ) 3T,V Y, Ty (Yuyj ) — 3IAPTy T (YUYJ )
Y YT, T (YUYJ) ST T (YVYJ) —APTTY (YVYJ)

2
- SYaY[Ya (491 My + 30g2M; — 1062 M Q% + 3062 M Q% , + 10g2M; Q% + 15X"T), + 45Tr (Yde)
+ 15Ty (YjTe))
— 6V, Y, Tr (YJ Tu) VY Y, T (Yj T,,) — 9T, Tr (YdeT Y,v] )
— 37T (YdYJ Y, Y] ) — 37T (YEYJ v.Y; ) - TdTr(YVijfeTYe*)

P

- %Yd(1813ng1 + 22597 g5 My + 20091 g3 My + 200g7 g3 M3 + 180093 g3 M3 — 80093 M3

15



+ 2257 g5 Ma + 337595 Ms + 18009595 M2 + 66093 g2 M1 Q7 + 240095 g2 M3Q7;

+ 66097 g5 Mz Q7 + 24009592 Mz Q7 + 9900g, Mz Q + 54097 g5 M1 QaQ.

+ 54097 g2 M 7QuQe + 270095 MzQ3Q? — 9909392 M1 QuQrr, — 9909392 Mz QuQn,

— 8109797 M1QeQu, — 81097 g2 MzQcQp, + 54097 g2 M1 Q3y, + 54097 g2 Mz Q3;,

+ 13509392 Mz Q%;, + 13509392 MaQ7;, + 990093 M zQ5Q7F, + 27009, MzQ2Q%,,

+ 36009, MzQ%;, + 1809792 M1QuQun,, + 180979, MzQaQu, — 2709795 M1 Qr,Qu,
— 27097 gy Mz Q,Qu, + 18009, MzQ5Q%;, + 18009, Mz Q%,Q%r, — 5409795 M1QaQq
— 54097 92 M 7QaQq + 81097 g2 M1Q 11, Qq + 81097 92 M 2 Q 11, Qq + 54009, Mz Q3Q7

+ 54009, Mz Q%, Q7 + 8109795 M1 QaQq + 81097 g5 Mz QaQq + 27097 g5 M1 Q.Qq

+ 27097 g7 Mz Q. Qq — 90097 g7 M1Q11,Qq — 9009395 M zQ11,Qq + 9093 g5 M1 Qr, Qg

+ 909795 M2z Q 1, Qq — 27097 92 M1QyQq — 27097 g7 Mz Q4 Q, + 3007 g5 M1 Q.

+ 24009397 M35Q? + 30097 g2 Mz Q7 + 13509392 Mz Q2 + 24009392 Mz Q7

+ 135093 g2 M Q2 + 243009, Mz Q3Q2 + 27009, MzQ2Q?2 + 180009, M zQF;, Q2

+ 18009, Mz Q%;, Q2 + 54009, Mz Q2Q?2 + 180009, M 2 Q3 + 9009, Mz Q7Q?

+ 900, MzQ7;, Q% + 9009, MzQ2Q? — 108097 g2 M1QqQu — 108097 92 M zQ4Q

+ 162097 92 M1 Q 1, Qu + 162097 g5 Mz Q 11, Qu — 54097 95 M1 QQu — 54097 95 Mz Q4 Qu
+ 81009, Mz Q3Q7 + 81009, Mz Q% Q% + 81009, Mz Q2 Q7 + 5407 92 M1 QaQy

+ 54097 g2 MzQa Q. — 81097 g5 M1 Q 1, Qv — 81097 g2 Mz Q 11, Qv + 27097 92 M1 Q¢ Q.

+ 2709792 M 2Q, Q. + 270092 Mz Q3Q7 + 2700gs Mz Q},, Q3 + 270092 Mz Q2Q):

+ 1350 2Ty — 90( = 5(3g2Mz ( — Q% + Q%+ Q%) + 893Mz) + g3y ) Tr(Yav )
+ 27062 My Tr (VoY ) + 450020, Q2T (Yo ) — 450020, Q% Tr (VoY)

+ 45092 M, Q2 Tr (YEYJ ) +90¢2Tr (Y; Td) — 360092 Tr (Yj Td) — 135092Q2Tr (YdT Td)
+135092Q%, Tr (Yj Td) - 135095Q3Tr(yj Td) _ 27ngTr<Yg Te)

— 450g QZTr<YT T ) +45092Q%, Tr (YT T ) — 450¢2Q2Tr (YT T )

— 225" ( — T (zgg( QY — Q2+ Qi,d) + 3Tk (Yuyj) +Tr (Y,,YJ))

+ A(2g2MZ( — QY - Q2+ Q%, ) - 3Tr(YJTu) Y (YJTV)))

4 4050Tr (YdYTTdYT) n 675Tr(YdYTT YT) n 1350Tr( Y.YIT, YT> n 675Tr( YTTdYT)

+225Tr (Y; TeYV*YVT) +225Tr (Yj YeTYe*T,,))

Te

B = Y YIT, 4+ 2V Y TT + 5T.Y) Y, + TLY YT — gnge — 3¢2T.

— 262Q2T. — 262Q%, T, — 262Q2T. + |\P°T. + 3Tm(ydyj ) n TJ‘r(YeYj)

16



18
1Y, ( GEM, + 693 M, + 462 M4 Q2 + 462 M Q% + 46> My Q2 + 23°T) + 6Tr(YTTd)
n 2Tr(Ye T))

6
> =+ gV YT + 603V, YT, + 83Q%, YoV Te —ANPYYIT,

12
- EglMlYY Y, =4 MzQY Y Y Y, + 402 Mz Q2Y.Y,Y,”
— 42 Mz Q2Y.Y Y, + fgly YT +492Q7, Y Y, T,
— 4G, T) + 4gpQ%YeYu T, = 2\PY.Y) T,

6
— gng Y]IY, + 123T.Y] Y. — 652Q2T.Y]Y,
+10g;Q%, TY Yo + 69, Q2T.Y Y, — 5APT.Y]Y.

+ gng YY) +202Q% T.Y, Y, — 202Q2T.Y,Y,"

+20,Q0TY Y, — NPTY Y — 6V Y VYT, - 8y YIT. Y] Y,

— VY YIYIT, — 4y, Y YY) TT — 4V, Y TV Y, — 4V Y TTY Y,
837 4 9

- 6TeYteYeTYé - 4TeYu*YVTYeTY<-5 - 2TeYu*YyTY;YVT + Eng + 5glg§Te
15

36
394Te+ - —9192QaQcT. + 1297 2Q2T. + 185 QIQT. + 10g,Q:T.

12
glgdeQHd 6919,QcQr,Te + glgpQHdT +6939,Q%, Te

5
+ 180, QaQ%, Te + 109, Q2Q%, Te + 89, Q1r, T 4 L glgpQ Qu,T.

6 18
- —0192Qn,Qu, Te + 49,Q2Q% T. + 492Q% Q7. Te — —9192QaQq T

5 5
54 24 6 24
— £ 919,Q:QqT. + £ 010,01, Q4T — £019,Qu, QuTe + = 910, Q T
+6939.Q2T. + 1892 Q7Q2T. + 189;}Q QT. + 169,Q%, Q2T
18
+49,Q%, Q2T + 169, Q3 T, 43 glgpQ QuTe = = 919,Qr.QqT.
18
— = 919,QqQqTe + 369,Q2Q4T. + 369,Q%, Q7 Te + 369,03 Q5T

+ 20, Q2Q2T. + 29,Q%,Q2T. + 29,Q2QT. — fglgerQu .

36 36
+ = 0192Qu,QuTe + = g1 92QqQuTe + 18g3Q2Q% T, + 18¢, Q7 Q2T

) )
4122 18 2 2 1
+ 18gquQuTe + 79191)@ Qv e glgpQHdQU e glgquQv e

+6gaQ2QT. + 692Q%, Q2T + 6g§QqQ3 2gpQHd|A\ T.
+202Q%, IANPTe 4 202 Q2N PTe — 3N*AVPT, — 2N Y. YV, Ty

17
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2

— 12V VI (Yav] ) - 15T YT (vav] ) - —gUL T (vary)
+ 162 T. T (YY) + 662Q2T. Tr (YaY ] ) — 6¢2Q% T.Tr( Yy

3le dtq gpde dtqg ngde dlg
+ Ggf,QgTeTr(Yde ) AV YT Ty (YeYJ> —SLLYTY,Tr (YeYJ>
+ gng Tr(Y YT) +262Q2T. TY(Y YT) —26%Q%,T ﬁ(y YT)
+ 2g§Q3TETr(Y;Yj) — 6Y, Y TT Ty (YUYJ ) — 3TV YT Tr (YuYJ )
- 3|)\\2T6Tr(YuYJ) — VYT Tr (Y,,Yj) - TeY,,*Yl,TTr(Yl,YJ)
- |>\|2T8Tr(YVYj)
_ QYEYJYE( — 202 My Q? + 20> M5 Q> + 3N*T) + 3Tr(YTT ) + 692 My + 662 M, Q% + 9Tr(YTTd))

6. Y YT Ty (YJTU) Y YTy (YJT,,) - 9Tm(Yde YY) )

_ 3Teﬂ(YdYJ Y, Y] ) 3T Tv (YEYJ YeYeT) —T.Tv (YVYJYETY;)

2
- =Y. (8379 M, + 452 g3 M, + 45g3 g3 My + 37595 My + 1809792 My QuQ.

+ 1809%9§MszQe + 30097 g2 M1Q? + 30097 g2 Mz Q2 + 9009, Mz Q5Q2

+ 5009, Mz Q¢ — 909 95 M1QaQu, — 909395 MzQaQur, — 150g: 95 M1QcQn,

— 150979, M2QcQr, + 6097 92 M1Q7F;, + 6097 95 M, Q% + 1509592 Mz Q7

+ 1509595 Mo QY + 9009, MzQ5Q%, + 5009, MzQ2Q%, + 4009, Mz Q1

+ 60979, M1QcQr, + 609792 Mz QcQr, — 30979, M1Qr,Qr, — 30979, Mz Qr,QH,
+ 2009, MzQ2Q%, + 2009, MzQ%;, Q% — 90919, M1QaQq — 909795 Mz QaQq

— 2709792 M1QcQq — 27093 92 Mz QcQq + 12097 92 M1Q 11, Qq + 12097 M 2Q 11, Qq
— 309792 M1Qu,Qq — 309392 Mz Qu, Qq + 12097 g2 M1 Q% + 12097 g2 M 2 Q?

+ 1509392 Mz Q7 + 1509397 M>Q? + 9009, Mz Q5Q7 + 9009, M Q2 Q2

+ 8009, MzQ%;, Q2 + 2009, Mz Q% Q2 + 8009, Mz Qj + 18097 g2 M1QcQq

+ 18097 9o M 2QcQq — 9097 9o M1 Q 11, Qq — 9097 9o Mz Q 1, Qq — 9097 95 M1QqQq

— 909292 M 7QqQq + 180092 Mz Q2Q? + 180092 M Q% Q2 + 180092 M, Q2 Q2
+100g, MzQ?Q? 4 1009, Mz Q7;, Q3 + 1009, Mz Q2Q7 — 36097 97 M1 Qe Qu

— 360979, M2zQcQu + 18097 92 M1Q 1, Qu + 18097 92 M 7Q 11, Qu + 18097 g7 M1 Qg Qu
+ 18097 g2 MzQqQu + 90095 MzQ2Q7% + 9009, Mz Q%;, Q1 + 9009, M2Q2Q%

+ 18097 92 M1 Qe Q + 18097 g7 Mz Qe Q. — 9097 g2 M1 Q 11, Qo — 9097 92 M 7z Q 11, Qo

— 909792 M1QqQ. — 9097 g2 M 7Qq Q. + 3009 MzQ*Q? + 30093 Mz Q% Q2

+ 3009, MzQ2Q7 + 150 AN*T)

18



- 10( - 5(3g§MZ( Q%+ Q%+ Qg) + 8g§M3) + g%Ml)Tr(Yde) + 30¢2M, Tt (YYT)
+ 5092 M Q2T (Y. Y[ ) — 5092 M Q% T (VoY) + 5092 M, Q2T (YY)
+ 10937 (Y Ta) — 4003 T (Y] T ) — 150023 (VT2 + 150920%, Tr (Y] Tu)
- 15092Q3Tr(yj Td> — 30g%Tr (Y; Te) — 50g2Q>Tr (YJ Te) + 5Og§Q§IdTr(YJTe)
— 5092Q2Tr (YgTe)
— 25\ ( ~ Ty (zgg( Q% — Q%+ Q%,d) + 3T (YJJ) + Tr(Y,,YJ))
v )\(ng ( Q% — Q>+ Qid) - 3Tr(YJTu) - Tr(YJT,,)))
4 450Tr (YdY;TdY; ) +75Tr (YdYJTqu ) +150Tr (YeYjTeYJ) +75Tr (YquT Tdyj)
+25Tr (YJ TeYV*YVT) + 25Tr(Yj YeTYe*T,,)) (54)
3
B = +Tn( = £ot — 303 — 202Q%, — 202Q%, — 202Q% + 1202 + 3T (Yav] ) + T (v.x))
+ 3Tr(YuYJ) + Tr(Y,,YJ))
2
+ gA(sglM1 + 1562 My + 10g2 My Q%, + 1062 M7 Q% + 1062 M, Q2 + 15Tr(YTTd) + 5Tr(YTT )
+15Te (YT, ) + 5T (YT, ) ) (55)
2 *
) = —50A2\*2T,
1
— =P ( Y (Ggf + 3097 + 2092Q%, + 20°Q%, — 45Tr(YdeT ) 15Ty (YCYJ ) —45TY (YuYJ )
- 15Tr(Yl,YJ))
+ 2/\(6g1 My + 3092 Ms + 20> M7 Q% + 2092 My Q% + 45Tr (Y*Td) +15Tr (YTT ) 4 45Ty (YJTH)

+ 15Tr(YVTT,,)>>

2%1 , 9 15, 18, 18 12
- TA( o+ 9105+ 5 02 — £ 919,QuQu, — < + 5 919,Q,

18
+ 6929pQHd + 1892QdQHd + GQpQ Q%, + 89;;@1{0, ggfgdeQHu

12
*91%@ QmH, —*91gpQHdQH + 91gpQH +6929pQH +189deQH

g%gngQHd

18 18
5 g%gp%QHqu glgpQH Qq

+ 12.gpQHdQ2 + 12gpQH Q2 glgpQHqu g]_gpQH Qq + 369;QHdQ2
+360,Q%, Q2 + 18g2Q2Q% + 6gerQ§ + 69pQHdQ§ +69,Q%. Q2

+ 6gerQH + SQpQHdQH + SQpQH

19



36

18
+ 189, Q%,Qu + 18,Q%, Q1 + 186,Q5Q% — + 919,Qm.Qu +
+ 6gpQHdQ2 + GQpQHuQ2 + GgpQ Q2

_é( 5(302( — @3, + Q%+ Q2) +863) + g Tr(vax))

2 4
+= (Sg% + 5g§( — QY + Q2+ Qg))Tr(YeYJ) + 5ngr(Y YT> n 16g§Tr(Y YT)

6
— 692Q%, Tr (YuYJ ) +62QTr (YuYJ ) + ﬁggQiTr<YuYJ ) + 2 (YVYJ)

36
+ 129pQ Q2 + 369pQ Q2 + 69pQ4 7glgpQHdQu -

18
& 919,Qm. Qu

— QggQ%IuTr(YVYJ ) +2g2Q>Tr (Y,,YJ ) n 2g§Q3Tr(YVYJ ) 9Ty (Yde YaY) )
— 6Tr(YdYuT YY) ) —3Tv (YeYteY; ) — 9Ty (YuYuT Y, v} ) — 3Tr(YVYJ Y, Y, )
Ty (Y YTYTY;*))

- f/\<261g M, + 45¢3 g3 My + 459393 Mo + 37595 Mo — 909792 M1Q4Q 1,

— 9097 g2 M2zQaQm, — 909792 M1QQr, — 909392 M zQcQu, + 6095 g2 M1 Q%

+ 609792 Mz Q3;, + 1509392 Mz Q% + 1509397 M2QF;, + 9009, Mz Q3Q%;,

+ 3009, MzQ2Q%, + 40095 Mz Q3r, + 9097 g2 M1QaQ ., + 9097 9o Mz QaQ i,
+90g7 g5 M1Q.Qur, + 9097 95 Mz QcQr, — 60979, M1 Qr,Qr, — 609795 M2Q 1, Qur,
+ 609795 M1Q%;, + 60979, Mz Q7y, + 150939, Mz Q7y, + 1509595 MoQ7y,

+ 90092 Mz Q3Q%, + 3002 MzQQ% + 4009 Mz Q% Q% + 4009 M QY

+ 909795 M1Q 1, Qq + 9097 95 Mz Q11,Qq — 909792 M1 Q11 Qq — 909795 Mz Q1 Qq

+ 6009, Mz Q%, Q2 + 600g, Mz Q% Q2 — 9097 92 M1 Q11,Qq — 9097 95 Mz Q 1, Qq

+ 909797 M1 Qu, Qq + 9097 92 M zQpr, Qq + 18009, Mz QF;, Q7 + 180095 Mz Q3;, Q2

+ 9009, MzQ3Q7 + 3009, MzQ2Q% + 3009, MzQ%, Q3 + 3009, Mz Q%, Q)

+ 6009, MzQ5Q7 + 18009, MzQ;Q7 + 3009, Mz Q5 + 18097 5 M1 Q i, Qu

+ 18097 9o M zQ,Qu — 18097 g2 M1Q 1, Qu — 18097 oM zQ 1, Qu + 9009, M2 Q7
+900g, MzQF, Q2 + 9009, Mz Q2 Q% — 9097 92 M1 Q 11, Qv — 9097 92 Mz Q 11, Qu

+ 909392 M1 Qr, Qu + 9097 92 Mz Qrr, Qv + 3009, Mz Q7;, Q% + 3009, Mz QY Q2

+ 30094 M, Q2Q% — 10( - 5(3g§MZ( — QY+ QY+ Qq) n 893M3> + glMl)Tr<YdeT)
+10(3g3 M, + 59207 (- Q% + Q2+ Q2) ) Tr(Yov[ ) + 200 My T (Y, Y, )

+ 40092 M Tr (YuYJ ) - 15Og§MZQ%uﬂ(Yuyj) + 15og;MZQ§ﬂ(YuYJ)

+ 150 MZQQTr<Y YT) + 3042 MlTr(Y YT) — 5092 M2 Q% Tr(Y Y] )
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+ 5092 Mz Q2T (Y, V) + 5002M Q2T (YY) ) + 1093 T (Y] Tu) — 40093 (Y] T2

— 150g2Q3Tr (Y Ta) + 15002Q%, Tr (V] Tu ) — 150g2Q2Tr (Y] T,

~ 30¢2Tr (YJTE) - 5Og§Q§ﬁ(1;TTe) +5092Q3%, Tr (YTT ) — 5092Q2Tr (YTT )

— 20g%Tr (YJ Tu) 4002 Tr (YJ Tu> +15092Q% Tr (YJ Tu) — 150¢2Q2Tr (YJ Tu)

— 15092Q2 Tr (YJTu> - SngTr(YjTu) + 50g§Q§{uTr(YJTV) — 50g2Q>Tr (YJTV)

- 5Og§Q3ﬂ(YVT Tl,) + 450Tx (Yde T,v] ) +150Tx (YdYJ T} ) +150Tx (Yeyj T.v] )
+150Tr (YUYC} T,v} ) + 450Tr (YUYJTUYJ ) + 150Tr(Yl,YJ T,v} ) + 50Tr (Yj T.Y;YT )
+50Te (Y)Y, ))

= +5Y, YT, + 4T, Y, Y, + YIYIT, + 217V Y, — gngy — 3927,

—202Q%. T, - 262Q2T, - 262Q3T, + NPT, + 30, T (v, Y] ) + T (v,

1Y, (ESg%M1 + 602 My + 42 M Q% + 492 M7 Q2 + 462 My Q% + 2N T, + 6Tr(YTT )
+ 2Tr(YjTl,))

= —gle YT, +12¢3V, YT, + 10g2Q% Y, YT, + 642Q2Y, Y,/ T,

~6EQYYIT, - SAPYYIT, + LAY, + 6T Y,

+892Q7%, TLY,[Y, —4]APTY]Y, — ngMlYTY Y,

— A MzQNYY}Y, - 4gpMZQHdYTY Y, +4g MzQY Y)Y,

+ gleTY T, +202QY, YT, +292Q% Y. YT,

—202Q2Y YT, — NPYIYST, + %ngTY Y,

+HAGQITI Y'Y, +495Q0, T Y Y, — 49, QT Y'Y,

—2NPTIYY, — 6Y, Y, Y, YT, — 8Y, YT, Y]Y, — 4y, Y YTV T,

— A, YITIYY, — 61,Y,Y, Y)Y, - 2T, Y, YIY Y, — oYY YIV'T,
837 9 15

—AYIYITIY Y, —ATTY X YIYY, + = —giT, + = G293, + 2 —g5T,
18 18 6 5 9
+ gglgdeQH T+~ —319:QeQu, T, 5glgpQHdQH T, + 91 92Q%4, T,

+6959.Q%, T, + 189§QdQH T, + 69,Q2Q%, Ty + 49,Q%,Q%, T,

18 6
+ 8gpQHuTV - glgdeQq glgerQqu/ + =

7 P9 192Qu,QqT,
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24 24
- £ 919,Qu. QT + S 919,QT, + 6939,QT, + 186,Q4Q5T,

+ 69, Q2Q0T, + 49, Q% Q2T, + 169,Q7;, Q2T, + 16g,Q,T,

18 18
+ EglgpQHquTV - EglgquQqu + 369§QH,uQ3TV + 369§Q3Q3Tu
36 36
+26,Q%, STy + 26,QQ5T, — £ 91 9,Qu, QuTy + 01 9;QeQuT,

36

+18¢5Q%, Q2T + 184,Q2Q2T, + =
12 54 36
5 glgpQHdQvT + 6glgpQHuQv v Eg%gngQvTv + 79%Q§QquTu
72

— = 010,QuQuT, + 12616, QT + 189,Q3Q0T, + 69,Q2 Q3T

+4g2Q% QT +10g2Q%, Q2T, + 18¢4Q2Q2T, + 36¢2Q2Q*T,

36
g%Q;QdQUTV + gg%gngQvTv

+29,Q2Q7T, + 18¢,Q2Q2T, + 109,Q, T, + 297Q7%, \[°T,
—202Q%, |\N’T, + 202 Q2 NPT, — 3BX*A™?T, — 2X*Y, YV, Ty

—3YTY T, Tr (Yde ) — 617 Ye*Y,,Tr(Yde ) 3T, T (Ydyj )

- YGTYG*TVTr(YeYJ) _orT Y:Y,,Tr(yeyj) NPT, T (YeY;)

— 15Y, Y, T, T (YuYJ) —12T,Y,]Y, Tr (YuYJ) v gng Tr (Y YT)

+ 16627, Tr (YUYJ ) — 62Q%. T, Tr (YuYJ ) +6g2Q>T, Tr (YuYJ)

n 6g§Q3TUT&“(YuYJ ) —5Y, YT, Tr (Y,,YJ ) AT YV, Tr (YVYJ)

+ gng Tr(y Y*) —2°Q%. T, Tr(Y YT) +202Q°T, Tr(Y v )

+202Q>T, Tr (Y,,Yj ) — 6YTY Y, Tr (Yj Td) - 2Y6TYE*Y,,Tr(YJ Te>

oy, YlY, (zggMZQg — 202 M7 Q2 + 3\*Ty + 3Tr (YTT ) +62M; + 662 M, Q% + 9Tr<YJTu>)
— 3T, Tr (YdYJ v, Y] ) _ 9TVTr(YuYJ Y, v} ) _ 3T, Tr (Y,,YJ Y,V ) —T,Tr (YVYteTYe*)

—~ %Yu (837gi*M1 + 459292 My + 45¢2 g3 My + 3753 Ms + 909292 My QuQrr,

+ 909792 MzQ4Qm, + 909392 M1QcQur, + 909392 MzQcQr, — 309792 M1Q 1, Qu,
— 3097 9p Mz Qr,Qu, + 60979, M1Q%, + 6097 g2 Mz Q% + 1509592 Mz Q7

+ 150939, M2Q%;, + 9009, MzQ3Q%, + 3009, MzQ2Q%, +2009,M7Q%,Q%,

+ 4009, MzQ7;, — 9097 92 M1QaQq — 9097 92 M zQ4Qq — 9097 95 M1Q.Qq

— 909192 M 2Q.Qq + 3091g2 M1Q1,Qq + 309792 M2 Q11,Qq — 1209392 M1Q 1, Qq

— 1209792 Mz Qp, Qq + 12097 g2 M1 Q2 + 1207 g2 M 2 Q7 + 15095 92 M 2 Q7
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+ 1509592 M2Q?2 + 9009, Mz Q5Q7 + 3009, MzQ2Q? + 2009, M Q% Q2

+ 8009, MzQ7;, Q2 + 8009, MzQj + 9093 g2 M1 Qu, Qq + 9097 92 M zQ 1, Qq

— 909797 M1QqQq — 9097 g5 MzQ4Qq + 18009, Mz Q% Q5 + 18009, Mz Q2Q

+ 1009§MZQH Q2+ 1009§MZQ2Q2 - 180919pM1QH Qu — 180919pMZQH Qu

+ 1809292 My QqQu + 1809792 M5 QqQu + 9002 M Q% Q% + 9006 M7 Q2Q?

+ 1809392 M1 QaQy + 1809792 M zQaQ, + 1809392 M1 QeQ. + 18093 62 M7Q.Q.,

— 609792M1Q11,Qu — 6093 92 M7Q 11, Qo + 1509392 M1Q 1, Qu + 1509392 Mz Q 11, Qu
— 2709795 M1 Qq Qv — 27097 2 M zQq Q. + 18097 92 M1 Q4 Q0 + 18097 g7 Mz Q4 Q.

— 3609792 M1 QuQu — 36097 g2 MzQuQu + 3009792 M1 Q7 + 3009392 Mz Q?

+ 9009, MzQ3Q7 + 3009, Mz Q2Q7 + 2009, Mz Q%, Q7 + 5009, M7 Q% Q)

+ 9009, MzQ2Q7% + 18009, MzQ2Q7% + 1009, MzQ3Q7 + 9009, Mz Q% Q7

+ 50091 Mz Q% + 150 A>Ty + 10(2911\41 + 5<3gpMZ( — Q% + Q2+ QZ) + 89§M3>)Tr(YuYJ)
+ 3091M1Tr<Y YT) — 5092 M4 Q% Tr(Y YT) +509% Mz Q> Tr (Y YT)

+ 5092 M7 Q> Tr (YUYJ)

+ 25X (T3 (= 202~ Qd, + Q% + Q) + 3T (vav] ) + (Vv )
+A(202M7 (- Q¥ + Q% + Q) + 3T (Y] Tu) + T (YIT.)) )

— 20g%Tx (YJ Tu) — 4002 Tr (Yj Tu) +15092Q% Tr (YJ Tu> — 1502Q>Tr (Yj Tu>

_ 15093Q3ﬂ(YJTu) _ 30g§ﬂ(YJTy) + 5Og§Q§{uT&«(YJTV) . 509,%@3%(5/;@)
— 50g2Q>Tr (YJTV) 75Ty (YdYJTqu ) 75Ty (YuY;TdYJ ) + 450Tx (YuYJ TUYJ>

+150Tr (Y,,Yj T,v] ) +25Tr (YeTTeY,j‘YVT> +25Tr (YTYCTYG*TV»

= 42V, Y Ty +4Y, Y, T, + T,Y Yy + 5T, Y, Y, — 1 93T, — 393T, — 136g§Tu

C902Q% Tu — 20°Q2T, — 22Q2 T + NPT + 3Tm(YuYJ )+ (v,

+ Yu(lg 2M, + ?ngMg + 6930y + 42 M5 Qly, + AgEMZQ2 + 4g2M Q3 + 2Ty + 6Tr (V] T,
+ 2Tr(YJTU))

- +§g%YuYJ Ty +462Q3Y, Y, Ty + 4¢2Q% V.Y Ty

4
—AGQIYLY [ Ta = 2ANPYLY [ Ta — ZgiMYLYY.
— 1295 MY, Y, Yy — 1292 Mz Q% Y Y,V — 4g; Mz Q2Y,Y,[Y,
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+4g2M QLY. Y,[Y, + gg%Yuiju +693Y. Y, T, 4+ 8g2Q% V.Y, T,
—ANPYLYIT, + %g%Tuyij +2g2Q3T, Y, Yy

+202Q7, TuY, Ya — 202Q2T. Y[ Ya — NPT.Y, Yo

+12g3T, Y, Yy 4+ 10g2Q%, TLY, Yy + 6g2Q2T, Y, Y,

— 6g2Q2T,Y,Y, — 5\PT, Y, — 4V, Y, V.Y T,

— 2V, Y YuviT, —av, YIT, VY, -4y, YT VY, - 6V, VIV, YIT,

689
— 8, YT Y]Y, — 2T, Y, YaY Yy — AT, Y VY 1Y, — 6T, Y Y, Y]V, + — m git,
15 136 16 18
+ 9163 Tu + - 62T +Eglg§Tu+Sg§g§Tu— 5 93Tu + =919,QaQu, Tu
18 6
+ = 919,Q:Qn, Tu = =919,Qn,Qn, T . - glgpQH T, + 69592Q% . T,

+ 18¢,Q3Q%, T + 69§Q QH, T+ 49§QHdQHuT + 89;5@4

18
& 9195Qu, QqTu + 120,Q%;, Q7T + glgdeQqT + glgpQ Q4T

2 6
- 3919PQHquT +4¢792Qm, QqT glgquQqT + glgpQ2

32
+69392QT, + ggggpQQT + 1895 Q5Q2T, + 69,Q2QT,

+ 490 Q% QeT, + 4095 Q% Q2T + 1295Q2QT, +4Og,,Q4T +29,Q%, Q3T

24 24
+29pQ Q2T - g%ngdQu u 5 glgpQ QuTly + glgpQHdQu u
176 , , 2

4y 24 36
5 919,Qu, QuTu + 919,QuQuTu = £919,Q4QuT + 7910,

32
+§gggpQ2T +18¢,QaQ T, + 69, Q2Q1 T, +4gpQHdQ2

+2200Q%, Q2T + 129,,@ 2Q2T, + 54gpQ 2Q2T. + 29,Q2Q5T, + 2295Q4 T,
18

+ £ 019,Qu,QuTu + glgquQu w— fglgpQuQuT +69,Q7%, Q2T

+690Q2Q5T, +69pQ2Q2T +205Q%, INPTu — 207Q%, NPT

+262Q2APT, — 3A2A"2T, — 6AY, YV, T\ — 6Y,Y, TdTr(YdYT)

3T, Y YT (Yde ) — 3|A|2TuTr(Yde ) —ov,Y] TdTr(Yng)
— Y YTy (YYT) - |>\|2TuTr(YeYJ) 12V, YT, Ty (YUYJ>
4
- 15TuyquTr(Yqu) + g (Y YT) + 1662T,, Tr(Y YT)
— 692Q%, T, Tr (Yuyj ) n 6g§Q§TuTr(YuYJ ) +62Q2T, Tr (YUYJ )
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AYYIT, T (YDYJ ) — 5T,y YuTr(Yqu ) + g #T. Tr(Y YT)

_ 292Q%{uTuTr<YVYJ ) + 2g§Q§TuTr(Y,,Yj) n QggQ%TuTr(YVYJ)

+ YquYd( —9X\*Ty — 2Tr (YjTe) — 42 My Q2 — 46> My Q% + 492 M4 Q? — 6T (YdTTd) —

—18Y, YV, Tr (YJ Tu) —6Y,Y]Y,Tr (YJ Ty> — 3T,Tr (YdYJ Y,Y] )
— 9T, Tr (Yuyj Y, v} ) — 3T, Tr (YVYJ Y, v} ) —T,Tr (YVYJYETYJ)

2
— EY (6899 M + 45glggM1 + 136glg3M1 + 136glg3M3 + 3609 32,M3 — 1609§M3

+ 4597 g5 M + 67595 My + 36093 93 M + 16297 92 M1QaQr,, + 1629792 M zQ4Qp,,
+ 1629192 M1QcQu,, + 1629192 M2QcQu, — 549792 M1Qp, Qn, — 549797 M2 Q1,Qun,
+10897 9, M1 QY + 108¢3 g, Mz QY + 270939, Mz QY + 270939, MaQF,

+ 162092 Mz Q3Q%, + 54092 Mz Q2Q% + 36092 MzQ% Q% + 7209 Mz QY

— 1629792 M1 Q11 Qq — 1629792 Mz Q 1, Qq + 108095 Mz Q3. Q2 + 5493 g2 M1 QuQ,
+ 5497 92 MzQaQq + 5497 95 M1QeQq + 5497 92 Mz QcQq — 189797 M1 Q 11, Qq

— 189795 M2 Qp,Qq + 18097 g2 M1Q 11, Qq + 18097 g2 Mz Qr, Qq — 5497 92 M1Q,Qq
— 549792 M 7QqQq + 6097 92 M1 Q7 + 4809397 M3Q + 6097 g2 M £ Q;

+ 2709397 Mz Q7 + 4809392 Mz Q;, + 2709592 M2 Q7 + 16209, M zQ5Q7

+ 5409 MzQ2Q? + 36095 M zQ%;, Q2 + 36009, Mz Q% QF + 108092 M Q2 Q2

+ 36009, MzQy + 1809, Mz Q7 Q7 + 1809, MzQ2Q% — 21697 g2 M1QaQu

— 216979, MzQaQu — 21697 g2 M1 QcQu — 2169792 MzQcQu + 7297 97 M1 Q 1, Qu

+ 729392 M2 Q11,Qu — 39695 92 M1Q i, Qu — 3969792 M zQpr, Qu + 21697 92 M1QQu
+ 21697 92 Mz Qg Qu — 3249797 M1Q,Qu — 3249797 M zQqQu + 52897 92 M1 Q)

+ 4809397 M3 Q% + 52847 g2 M 7 Q7 + 4809392 Mz Q7 + 16209, M zQ5Q7%

+ 540gs Mz Q2Q3% + 3609, Mz Q%;, Q2 + 19809 Mz Q% Q2 + 1080gs Mz Q2Q%

+ 48609, Mz Q2 Q% + 1809, Mz Q2 Q7 + 19809, Mz Q5 + 16297 92 M1Q 1, Qo

+ 1620262 My Q1 Qu + 5429° My QqQu + 54929° M7 Q,Qu — 2169262 M1 QuQ

— 2169795 Mz Qu Q. + 5409, M7 Q7 Q3 + 5409, M zQ3Q% + 5409, M2 Q7. Q}

£ 2T0ANS2Ty + 18(291M1 n 5(3gpMZ< — QY+ Q%+ Qﬁ) + 8g3M3>)Tr (YUYJ)
+ 542 MlTr(Y YT) — 9062 M Q% Tr(Y YT) + 90g2MZQ2Tr(Y YT)

+ 909> My Q> Tr (YZ,YJ>

w452 (Ta (= 202( - @3, + @, +@2) + 3T (vax]) + (Vv ))
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+ )\(Qgp ( Q% + QY +Q’ ) n 3Tr(YdTTd) +Tr (YJTe»)
— 369%Tx (YJ Tu> — 72043 Tr (YJ Tu) +27092Q% Tr (YJ Tu> — 27062Q>Tr (Yj Tu)
- 27095Q3H(Yj Tu) - 54g§Tr(Yj T,,) + 90g§Q§{uTr(Yj T,,) - 90g§Q3Tr(YJ Tl,)

— 90g2Q>Tr (YJTU) + 135Tr(YdYJTqu ) + 135Tr(YquT 1Y} ) + 810Tr(YuYJTuYJ)

+ 270Tr( Y, YiT,vi ) + 45Tr(YT T.Y; YT) + 45Tr(YT YIY*T, )) (60)

3.6 Soft-Breaking Scalar Masses

o= T (o) o) o (o) o) o) o)
014 = 95 (2m%, Qu, + 2my Qur, +mEQs +3QuTr (m3) + QuTr(m2) +2Q,Tx (mf) + 6Q,Tr(m2) +3QuTr(m?)
o)) o
o211 = %gl (21 (m3) + 3T (m? ) + 3mdy, + 3my, + 6Tr(m2) +6Tx (m2) + 8T (m? ) + Tr(m2)) (63)

0214 = \/gglgp( =20, (m2) = m¥, Qu, + miy, Qu, + QuTr(m3) + QuTe(m?) = QuTr(m?) +QuTx(m2) + QTr(m2))

(64)

03,1 = %\/%gl (= 99im}, — 45g3m%, + 9gim¥y, + 45g3m¥, — 60g2m%, Q% + 60gEm¥, QO

+ 30( —m% + m%,d) A2+ 4(1593,@3 + 2002 + g%)Tr (mg) + 3ﬁg%ﬂ(m§) + 6Og§Q§ﬂ(m§)

— 93Ty (ml) — 45g§Tr(ml> — GngQ2Tr(ml> + ngr( ) + 4593 Tr (mg) + 80g3Tr (mg)

+ GngQZTr< ) - 3Qg§Tr(m3) - 16()g§Tr(m§) - 1QOg;QZTr(mi) + 36g§Tr(m3)

+ GngQZTr( ) + 90m§qd1&«(ydy; ) + 30m§qdﬂ(YeYj) — 90m2, Tr (Yuyj)

— 30m% Tr (YVYJ ) + 30Tt (mfyyyj ) — 60Tr (miyj Y,,) — 60Tr (YdY; m§*>

— 30Ty (Ydmz*YT> — 60Ty (Y Yim ) +30Tr (Y m2Y} ) +120Tr (Y Yim 2*)

~30Tr (Yumg*YJ)) (65)
02,2:%(3%( )+de+m%1 +Tr< )) (66)
093 = %(2Tr (mg) + Tr(mfl) + Tr (mi)) (67)
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Oou1 = \/gglgp( — QQUTr<mi) —m3, Qu, + my, Qu, + QuTr (mﬁ) + QeTr(mﬁ) - QqTr(mlg) +QqTr (mg) + QvTr(mz»

(68)
02,41 = 92 (2%, Q, + 2my, Q. +mEQ? + 3Q3Tx (m3) + Q2w (m2) +2Q2Tr (mf ) + 6Q2Tr (m2)
+ 3Q2Tr (m2) +Q2me(m2)) (69)
034 = 109p (391deQHd + 1592deQHd + 2ngdeQHd + 391mH Qu, + 1592mH Qu,
+20g2m, Q, + 10g2mEQ3 — 10(m¥, Qu, + ¥, Qu, +m3Q, ) AP
+2Q4(1562Q% + 2063 + 63 ) Tr (m3) + 693 Qe Tr (m2) +10g2Q2Tr (m? ) + 363Q, T (m? )
+ 15g%QqTr (m%) + 209§Q2Tr (m%) + ngqTr (mg) + 45g%QqTr (mi) + SOgngTr(mg)
+ GOgngTr (mg) +8¢2Q., Tr (mi) +4093Q., Tr (mi) + 30g§QiTr (mi) +6¢2Q, Tr (mi)
+10g2Q3Tr (m2) — 30m¥, Qu, Tr (YaY] ) = 10m3y, Qu, Tr (VoY) = 30m¥, Qu, Tr (VYY)
- 10m§{“QH“Tr(Y,,Yj ) — 10Q, Tr (mle,,YJ ) - 10QUTr(m3YJ Yl,) - :a()QdTr(YdeT mg*)
— 30Q, Tr (Ydmg*yj ) - IOQeTr(YeYJ mg*) — 10Q, Tr (Yemf*yj ) - 30QuTr(Yqu mfj)
- 30Qqﬂ(Yum§*Yj)) (70)
(1) 2 5 2 32, 2 212 2 2 2 2 i
/Bmg = —Eg11|M1\ - 3931|M3| — 89,Q 1| Mz|” — 6951 Ma|” + 2my, Y, Yy
+2m} VIV, + 210, + 2T0T, + m2Y) Y, + m2Y,]Y, + 2V m3Y,
1
+ Y Yym2 + 2V m2Y, + V] Y,m2 + ——=g1101,1 +29,Q101.4 (71)
V15
(2) 24 24 24 2
ﬁ q = +— 5 glgdeQq1|MZ| 79191)@ Qq1|MZ| - 7glgpQHqu1|MZ|
8 , 24 , 16 ) )
+ gg1gpQH Qql|Mz|" — 3919quQq1|MZ‘ + 391%@ 1|Mz|
28
+ 249592 Q21| Mz|* + —gdgpQ21|MZ|2 + 2169, Q7Q21| M4 |?

3
+ 72gerQ31|MZ|2 + 489PQHdQ§1|MZ|2 + 4SgpQHuQ31\MZ|2
+ 14493Q2Q21| Mz|? + 48095 Qi1 | Mz |* + 2493 Q2Q%1| Mz |?

a8 24
5 919,QqQulMz|* + 2169,Q2Q21[Mz|* + 5 919,QqQu1|My[?

2
+729§Q3Q 1My * + 91921|M2‘2+339§1|M2|2+3292931|M2‘2
+ 249395 Q1| Mo
16

- 2( - 15(393 (2M3 ¥ Mg) + 47 (2M3 n MZ)Q2 . 893M3) - (2M3 + Ml))lM?’f
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12 .12 . 4 .
+ =919 M1QaQq 1My + nggngQqule - ggfgngQHqulMZ

5
4 . 8 X
+ =910, MiQu, Q1M — fglgleQqule + 3919, M Q1M
64 . 24 .
t3 — 9395 Ms Qa1 M + 129395 Mo Q1M — z — 919, M1Q,Qu 1M,
12 2 2 * 1 2 2 2 2
+ gglgleQqulMZ + ggIQQMllM2 + 169595 M31 M5 + 12929pMzQ 1M3
4
+= gim3 Y+ 4g2m3 QAY,]Ya + dg2m3 Q%Y. Yy

—4g?m3; QY Yy + 842Q3 M PY,) Yy + 892Q%, | M4 ?Y Yy
— 8g2Q2 | M |PY Yy — Am3 INPY Vs — 2m3, NPY] Yy
—2mENAY Yy - 2Th PY,] Yy — 492Q3 MY T,
— 4g2Q% MY Ty + 4g2Q2 MY, Ty — 20T Y, T,

8
+= gimy YV, +4g2m3 Q% V.Y, — dg2my QY 1Y,
+4gimiy QLY. 1Yu + 892Q%, Mz |?Y Y., — 8g2Q2 | M4 |?Y Y,
+892QL Mz |PY,[ Y, — 2m3 |APYY, — 4m3; |APY]Y,,
— 2m§|,\|2YTYu —2|T)\|?Y, Y,

T 225 @M ((7599%M1

+5(4(302 (20 + M2) Q4 (10Q, — 18Qu = 3Qu, +3Qu, +9Qu +9Q. —9Qq +9Q ) + 463 (201 + My ) ) + 993 (201 + My
+180 <2M1YdT Yy — 2YiT, + 4My Y Y, — V) Td))

—4g2Q%, M;YTT +A4g2QIMLY,T, — 4g2Q2 MY ,IT,

— YT, — Cg3MiT)Yy — 462 Mz QAT Yy — 492 M2 Q% Th Yy

+ 4gpMzQ2T*Yd + g%T*Td + 49, QAT ) Ta + 4g,,QHdT*Td

—4g2Q*TITy — 2NPT) Ty — §glMlTJY — 492 Mz Q% T,
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48 2 * 24 2 2 * 4 2,2 T
- gglgleQdQule + gglgleQdQlez + gg1deYde

+12¢2m3; YY) — 8g2m3; QAYaY] + 8g2m3 Q% YaY)
+8g2m3y, Q2Y Y] — 16g2Q3| M2 [*YaY, + 1652Q%,, | Mz |*YaY,]
+16¢2Q2 | M7 |*Y Y, + 2493 Mo PY,Y,] — 8m3, [APY,Y)
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—dm?y IAPYaY] — am3NPYaY] — 4T PYLY) ég%MleTJ

— 1203 Mo YT} + 892 Mz QY4 T,y — 8g2MzQ%, YuT )

— 892 Mz Q2Y,T)

+ %ngl* (2 (3849%M1 + 5(39,3 <2M1 + MZ) Qd(lle + 3(3@6 —3Qy +3Qy + 3Qu — 6Qu — Qu, + QHM)) 4 82 (QMl L
+90MYaY] - 45T, )

+8g2QAME T, Y] — 892Q% MyTaY,] — 8g2Q2 M3 T,Y,

4ngdTT + 12¢3T,T)

5
— 892Q3TyT) + 892Q% TuT,| + 892 Q*TT)) — 4|\*TT}

— 122 MZT,Y] — ANTST, Y] +

+ %g%mlede + 6g2m3AY,Y] — 462Q3m3Y,Y,
+4g2Q% mAYaY] + 4g2Q2mAY,Y,] — 2 \PmaY,Y,)

+ ;1 GYam2Y] +1203Yym?2Y] — 8¢2Q3Yym2Y,

+ 8gpQHdem2YT +8¢2Q2Yym2Y,] — ANYym?2Y]

+3 g1 2Y,Y, m2 + 693V Y m3 — 492Q3Y,Y, m3

+ gy Q, YaY fmig + 4g3Q5YaY [ m — 2N YaY, mj

—8m% VoY Yoy — avyvi Tyl — am? Yaviv,y,)

—dm¥, YoV, Y] —av,viT, ) - AV, 1Y) - avyTiT, Y]

— ATV Y TS — 4Ty Y Y, TS — 4T T,y — a1y, Y]

—2m3Y Y YY) — 2m3YViY, Y] — aVam2Y vay) — avumly v, Y]
— AV, m3Y,Y] — A Y Yam?2Y] — 2 Y Vay, m3 — av,Y) m2Y v

32
—AYYY,m2Y] - 2V YV, Y m3 — ANYT Ty + - giloas + 911(72 1

3 15

+38 L Qa1 +8 ! Qa1 +8¢2Q%1 +38 1
e ag gy g ag gy g
\/ﬁglgp dl0214 \/ﬁglgp dl02.41 9pd 102,44 \/ﬁgl 3,1
+89,Qulos g — 24m% VoY, Tr (Ydyj ) — 120, T Ty (Yde)

— 6m3ay] Tr(Yav]) — 12vam2y T (vav]) - 6vavimim (vav])

— 8m%, Y,V Tr (Yeyj ) — AT T] Tr(YeYJ) — 2m2Y, Y T (Yeyj)

— 4Y,m2Y [T (Yeyg ) 2V, Y m3 Ty (YEYET ) — 12V, T Ty (Yj Td)

— AV, T Tr (YJTE) — 127, T (TijT) — 12V T (T;T} )

— AT,V Ty (T:YeT) — AV, Y Tr (T;TZ ) —12Y,Y) Tr (m?inYdT )
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— AV, YTy (mgyeyj) AV, Y] Tr (m%YJ Ye> —12v,Y)Tr <m§Yj Yd> (80)

1 32 32
ing = —ﬁ931|M1|2 - §9§1|M3|2 —8g2Qa1|Mz|* + dm3; Y, Y, + 4T, T}
1
+2mY, Y, +4Y,m2Y, +2Y, Y, im] — 4\/—1?)91101,1 +29,Qu1071 4 (81)

2
@ = <zg$M1* (4(5(1@3 (2M1 + Mg) — 3g2 (le n MZ)Qu( —22Q, — 3Qu, +3Qu, +9Qu + 9Q. — 9Q, + 9Q, + QQU)) ;

+ 45( —2MY, Y] + TuYJ))
+ 5(3Qg§ (15( — 262Ms + g (2M3 n MZ)Qg) +dg? (2M3 n M1)> 1M
= 3( — 49205 (Qu( — 203 (27 + M1 ) ( = 22Qu — 3Qu, +3Qu, +9Qu +9Q. — 9Q +9Q, +9Qu )
+5Qu (sgg (2MZ + Mg) + 992 My (11@3 +18Q% +2Q%, + 2Q%, +3Q% +3Q% +6Q2 +9Q2 + Qﬁ))) 1
+15( - @2+ Q3 +Q2) (2Mzv.Y] - TY))
—41 (159pQu (9pQu02,44 + 03,4) +20g5023 — 2V/15¢ (gpQu (02,14 + 02,41) + 03,1) + 49%02,11)
+ 3(30g§M;TuYJ FINTETLY) + 22T, T — 30627, T
—2092Q%, Tu T} — 20g2Q2T, T} + 20g2Q2T, T} + 10[\*T, T}
+gimIY.Y, — 15g3mIY. Y, — 10g2Q%, m2Y.Y,f

2122 t 212, 2 + 2 2 +
—10g,Qymy, Y. Y, +10g,Qumy Y, Y, + 5|\ ["m; Y, Y]
+ QQ%YungJ — SOgSYungJ - QOg}%Q%{uYungJ

212 2yt 212 2yt 2 2yt
—20g,Q5YumyY, +20g,Q,Y,m,Y, + 10]A| \
+ giYuYim? — 15¢3Y, Y [m? — 10g,Q%;, Yo Y Im?
— 10g2Q2Y, Y, m? 4+ 10g2Q2Y, Y, Im? + 5|A*Y,Y,im2
+10m%, Y Y, VeV + 10m%, V.Y, Vay) +10Y, Y, 1,7
+20m%, Y, YV, V] +10v, YT, 1) + 10y, T T,V + 10v, 707,V
+ 107, Y, YyT} + 107, Y, Y, T + 10T, Ti YY) + 107, T1Y, Y
+5m2Y, Y Y Y + sm2Y, VIV, Y] + 10V, m2Y,] Yy + 10Y,m2Y,] Y, v
+10Y, Y, m3YyV,) + 10Y, Y] Yym2Y,] + 5Y, Y, V¥ im?
+ 10, Y m2Y, Y, + 10V, Y] Yum2Y, + 5Y,Y, Y, Y, m2 + 30T, T Tr (YuYJ )
+15m2Y, Y, T (YuYJ ) + 30V, m2Y,[ Tr (YuYJ ) +15Y, Y Im2 T (Yuyj)
10T, T (YY) ) + 5m2 VYT (YY) + 10¥,m2y T (v, v

+5Y, Y m2Tr (YVYJ )
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+Y, Tt ( — 22 M, + 303 My + 2062 Mz Q3% + 2092 Mz Q2 — 2062 M7 Q2% + 10Ty + 30Tr(YJTu>
10Tt (YVTTD»

+ 307, Y, H(T;Yf) + 107, YTy (TjYVT )

+ 2V, Y] (gfmby, — 15g3md, — 1002m¥, Q% — 10g2miy, Q2 + 10g2m¥;, Q2 — 3093 Maf?

+ 5(2m%,u +m, + mg) A2+ 5|T % + 30quuTr(YuYJ) n lOm%,uTr<Y,,YJ> 15Ty (T;TuT)

+ 5Tr(TjTVT) + 15ﬁ(m§YJYu) + 15Tr<m3YuYJ) + 5T (Yqule*) + 5T (meﬁ*yj))))))
2%

= - g1M | —8¢2Q 1| Mz |* + 4m3, YY) + AT TS + 2m?2Y. Y]

5
3
+ 4V, miY,) 4 2Y. YV m? + 2\/;91101,1 +2g,Qc101 4

12
= =5 gt Y VS + 12g3mi YoV = 8gumiy, Q2]

+8g2m3; Q3 YoV +8g7mYy QIY.Y] + 2493 | Mo|?Y. Y]
— 8my |APY.YS —dm3 IAPYLYS — Am3 APYLYS — 4T P Y]

12
+ gnglYeTeT — 12g3 Mo Y T + 892 Mz QY. T}

— 892 Mz Q% Y.T] — 82 Mz QY. T}

+ 20203 (30 (03 (2 + M) (3Qu — 30 +8Q, +3Qu +5Q. — 6Qu — Qur, + Qi

+ 592 MzQ. (18@3 +2Q7%, +2Q%, +3Q7 +5Q2 +6Q2 + 9Q7 + 9Q7 + Qi)) 1

—5( =@k, - @+ @) (v - Ty)))

—12g2M;T.Y,} — ANT{T. Y]

12

25

+5( =20,y + TY]))
12

- S O] + 1263 T.T] = 8, QIT.T! + 89,07, T.T!

6
+ 89, QAT T — ANPTTL — 2gimeY YT + 6g3meY. Y]

_|_

—4g2QIm2Y.Y] + 4g2Q% mIY.Y  + 4g2Q2m?2Y. Y}

12
—2\Pm2YY] - ZgYemY] +12g3Vem? Y] - 8g2Q2Yemi Y]
+892Q%;, Yem?Y] + 8g2Q2Y.miY} — 4 APYemiv]

6
= SOIYeYImE + 693V mi — A QRY.Y m?
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gina (214493 My + 562 (201 + M7 ) Qe (3Qu — 3Qq +3Qy +3Qu +5Qc — 6Qu — Qu, +Qu, ) )1

(83)



B

B

+4g,Q%, Yo YIm? + 4g2Q2Y. Y I mZ — 2 APY. Y m?

— 8miy, Y Y]V — aY YIT.T] — av. TIT.Y] — dmyy V.Y VY]
—Am} VYY)V AV Y TI T — AV T TN Y — AT Y Y. T)
—ATTIV.Y] — ATV Y T) —4T.T;Y, Y] — 2mlv. Y vy ]
—2mY. Y YV — AYemp IV Y] — aYemiyy Y] Y] - av Y imiy ]
— AV YIYm2Y] — oV VY Y Im? — 4y, Yrm2Y Y] —av, Y Yy m?y)

" N 24 3 3
— 2V Y VIV Im2 — ANY. T Ty + ggflom + 8[591919@6102,14 + 8\@glgerloz,41

+892Q% 100 44 + 8\/§ G1105.1 + 89y Qelog 4 — 24m? Y,V Tr(YdeT ) - 12TeTgTr(Yde )
— 6m2Y.Y Ty (YdeT ) —12Y,m2Y]} Tr(YdeT ) — 6Y,Ym2Ty (YdeT )

— 8m% V.Y Tr (YeYJ ) — AT, TITx (YEYJ ) — 2m2Y, Y Tr (YEYJ )

CAY.mPY Ty (YSYJ) .Y m2Ty (Yeyj) - 12Y6TJTY(YJ Td)

YTy (YJTQ) 1Y Ty (T;YdT) —12Y,Y Ty (T;TdT )

ATV T (T;Yf) —AY,VTr (T;TZ ) — 12V, Y T (mlede )

- 4YeYjTr(m§YeYj) - 4Y6Yem(mfyjye) - 121@1@*1&(77131/; Yd>
24
) = — 1M 2 — 8g2Q21 My [? + dm? YTV, + 4TI T + 2m2Y, Y

m2 5
+ AV m2Yr 4+ 2Y Y im? + 2\/§ g1l +29,Qu10 4

@) = 22 gy VIV 12033 VIV + Sqimi, Q3 VIV
+8g2m3;, Q2YT Y — 8g2mYy QAYVTY + 24g3| MoV Yy
—4mi APYSY) = 8myy APY Y — dm3 APYY) — AT YY)
+ S EMYIT; — 2EMLY T - 8
— 89, Mz QY T + 892 Mz QLY T,

+ 22003 (300 (97 (20 + M1 ) (8Qu + 3@ — 3Qy +3Q, +5Qu — 6@ — Qut, + Q)

+592MzQ, (18@3 +2Q%, +2Q%, +3Q2 +5Q2 +6Q7 +9Q7 + 9Q2 + Qﬁ)) 1

+5( - @2+ Qh, +Q2) (2M¥I Y - TIYY))

— 1202MTIY — NI T Y
12

+ 529t M7 (2(144g3 01 + 52 (201 + M2 )Qu (3Qu + 3Q. — 3Q4 +3Qy +5Qu — 6Qu — Qu, + Q) )1

MzQ%4 Y, T}

40

(85)



+ 5( _oMYTY £ TVTYV*))

12
— CATIT + 1203TI T + 862Q%, TI T, + 8gEQRTIT;

6

— 8g2QT) Ty — AN’T) Ty — gg%nﬁ/Ti/; + 6g5m2Y.IY;
+4g2QY mIY, Y +42QemlY, Y — 4g2QomiY, Y
- 2|)‘|QWLL/YYVTYVL:‘< EglyT lYl/* + 12ggyfml2yu* + SQ;Q%IuYfm%YV*
+80,Q7Y, MY — 8g2 QY miY,) — 4|A|2YVTm?YJ

6 * * *
- gleTY my +6¢3Y, Ym? +4g2Q7 Y, Yim
+4g2Q2Y, Y, rm?l — 4g2Q2Y, Y my, — 2|)\|2YVTYV*m
—Am3, YIYIY.Y) —dm3, Y Y]IY. Y —4Y, VI T. T}
—AVITIT.Y) —8m3, Y'Y VIV — 4V Y T T — 4y, T 1Y)
—ATTY Y, T —ATTTIY, Y —ATTY YT T — 4TI T YY)
—om2YIYIV.Y) - 2m2Y Y YY) — AV I miY YY) - AY I miY YY)
—AYIYIm2Y. Y — AV Y YomiY) — 2V Y Y. Y m?

24
—AY Y rm2Y Y — Ay Y Y I mlYr - 2V LYY EY  mE — ANTY I TR + = gilog 1

+ 8\/3919;:@;102714 + 8\/5919va102,41 + 8912)@3102744 + 8\/?91 lo31 +8g,Quvlos s
— 24m2% Y, Y;Tr(Yqu ) — 1277 TjT&r(YuYJ ) — 6m2YLY) Ty (YuyuT )
— 12V Y T (Yqu ) —6yT Y;miTr(YuYJ ) — 8mZ YTV, Tr (YVYJ )
—ATTT T (YVYJ ) oYY T (Y,,Yj ) AV m2Y Ty (YVYJ )
—oyT Yy*m,%ﬂ(yyyj ) —12YT T Tx (YJ Tu) YT Ty (YJTV)
1277 Ty (T;YUT ) —12YTYTr (T;TUT ) ATTY Ty (T:YVT)
—4YTY Ty (TV*TDT ) 1YY Ty (m;;‘YJYu) 1YY Ty (mﬁyuyj)
—4YTY Tr (Y,,YJ mf*) — 4T Yl,*Tr(Yl,m?,*YJ )
B9 = 20,Qu0n.a + 4 (i, + iy, +mE) A2 + 4T3 2 - 86202 My [?
B = + T RITP + 263D + 8930%, T + 8620, ITh? — 82T
- 16(mi,d +m + mQ))\Q)\*’Q %glMl)\T/\ 1293 Mo AT, — 892 Mz Q% AT5,
— 89 Mz QY AT + 892 Mz QAT
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+ 892 M}, <3gpMZQ2 (18@2 +2Q%, +2Q%, +3Q7 +3Q2 +3Q2 +6Q7 +9Q7 + 9Q2)
+ (- @2+ @k, + Q3 )V (210 - 1))

+802Q%02.44 + 89, Q03,4 — 12|T,\\2Tr(Yde> - 4\TA|2TY(YEY;T) _ 12\T,\|2Tr(YuYJ)
- 4|T,\|2Tr(YUYJ> - 12)\T§Tr(YdT Td) - 4AT;Tr<YJTe) - 12AT;Tr(YJTu)

— AT} Ty (YJTD)

+ %)\* (SQ%m?{d)\ +15g5m3; A+ 3gimi; A+ 15g3m% A+ 3gimEA + 15g3mE A
+10g2m3;, QA + 10g2m3; Q3 A + 10g2mEQ7% A + 10gom7;, Q7 A

+ 1092771%,“@%“)\ + lﬂggm?ngq A— 109§m§{dQ2)\ — 10g§m§{ Q3

— 10g2mEQ2A — 4ONTA[? + 3g2M; (2M, X — T3 ) + 1563 M5 (203 — 7))

- 3Om§{dATY(YdeT ) — 15mZ ATr (YdeT ) - 15m§ATr(Yde ) - 10m§,dATr(YeY;)

— bmZ ATr (YeYJ ) — 5m2ATr (YEYJ ) — 15m% \Tr (YUYJ ) — 30m%. ATr(YuYJ )

— 15m2ATr (YUYJ ) — BmZ ATr (YVYJ ) — 10m2 ATr (YVYVT ) — 5m2ATr (YVYVT )

- 15T>\Tr(TC’{YdT) — 15ATY (T;T} ) — 513\ Tr (T;Yf) — BATr (Te*TeT ) — 15T\Tr (T;YUT)
— 15ATY (T;;T;F ) — 513\ Tr (T:YVT) — 5ATr (T:T,jf ) — 15ATY (mlede ) — 5ATr (mgmfg )
= SNTr (mYJY. ) = 1ATe (m2Y]Ya ) = 15XTr (m2Y,Y,, ) = 15ATe (m2Y, Y, )

~BATr (YVYVTle*) —5ATr (Y,,m,%*YJ)) (88)

3.7 Vacuum expectation values

B = —vd<15gz + 15¢3Xi + 20g2Q%, + 2092Q%, Xi — 20[A]” — QOTr(YeYJ ) +3¢2 + 3¢2Xi — 60Tt (Yde )) (89)

B{Y = 4—001)(1( 522g7 — 1809795 — 120093 + 7209797 QaQu, + 72097 9:QcQr, — 48097 92 Q7,

— 1200959, Q%, — 3600g,Q3Q%, — 12009,Q2Q%, — 1600g,Q7;, + 2409797 Qw, Q,
— 8009, Q%,Q%, — 720979, Qu,Qq — 24009,Q%;, Q4 + 72097 97 Q11,Qq

— 72009,Q%, Q7 — 400g,Q%, Q5 — 14409797 Q 1, Qu — 36009,Q77, Q7

+ 72097 92Q 11, Qv — 12009, Q7;, Q7 — 991 Xi — 90g7 g3 Xi + 875g; Xi — 12097 g2 Q7 Xi
— 60095 92Q%, Xi — 40095 Q% Xi + 9g1Xi? + 90g7 g5 Xi* — 225¢5Xi* + 12097 g2QF Xi®
+ 6009592 Q%;, Xi% + 40095 Q%;, Xi® + 12000 A"
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— 40(5(320% + 3(303Xi + 492 (Q%, (= 1+ Xi) + Q3+ Q2)) ) + g (9Xi - 4) ) T (vav]) — 48063 (Y.,
— 800g2Q2Tx (YYT) +800g2Q%, Tr (YeYj> — 800g2Q2Tx (Yeyj)
— 12092XiTr (Yeyg ) — 600g2XiTr (Yeyj ) — 800g2Q% XiTr (Yeyj )

- 40\)\|2( — 2002Q%, + 20g2Q%. + 20g2Q> + 3¢3Xi + 15¢3Xi + 2092Q%, Xi — 30Tr (YuYJ>

—10Tr (YDYJ ))
+ 3600Tx (YdeT YY) ) +1200Tx (YdYJ Y, V] ) +1200Tx (Yeyg YY) ) + 400Tx (YVYJ YETYE*)) (90)
AL = —vu (1592 + 15g2Xi + 202Q%, + 2092Q%, Xi — 20|A|> — 20Tr (YVYJ) +3¢% + 3¢2Xi — 60Tr<YuYJ>> (91)

1
B2 = 550 — 52201 — 1809393 — 120093 — 7200392QuQur, — T209762QQur, + 2409392Q1, Q.

— 4809797 Q%;, — 12009592 Q% — 36009, Q7Q%, — 12009,Q2Q%,

— 80095 Q%,QF, — 1600g,Q%, + 7209792Qm, Qq — 2400g,Q%;, Q2 — 72095 92 Q 1, Qq
— 72009, Q%;, Q5 — 4009,Q%, Q2 + 144097 g, Qn, Qu — 36009, Q% Q7

— 7209797Qm, Qv — 12009, Q7;, Q7 — 991 Xi — 90g7 g5 Xi + 87595 Xi — 12097 g7 QF, Xi
— 60095 92Q%, Xi — 4009, Q%;, Xi + 9g1 Xi* + 9097 g5 Xi* — 225¢5Xi* + 12097 g2 Q7 Xi*
+ 6009592 Q%, Xi* + 4009, Q7;, Xi® + 1200A° A"

— 40N (QngQHd — 20g2Q% + 2062Q? + 3¢7Xi + 15g2Xi + 20g2Q% Xi — 30Tr (YdeT )

(i)

—40(5(3203 +3(303Xi + 492(Q%, (— 1+ Xi) + Q2+ Q2) ) ) + g2 (9Xi + 8) ) Tr (V¥ ) — 480631 (V1))

+800g2Q%, Tr (YVYVT ) — 800g2Q>Tr (YVYJ ) — 8002Q>Tr (YVYJ )

12082 XiTr (Y YT) — 600g2XiTr (Y YT) — 80092Q% XiTr (Y YT) +1200Tr (YdYTY YT)

+ 3600Tt (YuYJYuYJ ) +1200Tt (YUYJ Y, Y} ) + 400Tx (YUYJ YeTYe*)) (92)
B = vy (=202 + g2Q2(1+Xi) ) (93)
B2 = o, (5952 (18Q3 + 2%, + 2Q%, +3Q7 +3Q2 +3Q2 + 603 + 903 + 907 + QIXi — QIXE) — 204"

+ 2|)\|2<ng + 1592 + 10g2Q%, + 1062Q%. — 10g2Q2 + 1062Q>Xi — 15Tr(YdeT> - 5Tr(mfg)

— 15Tt (YUYJ ) — 5Tt (Y,,Yj ) )) (94)
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4 Field Rotations

4.1 Rotations in gauge sector for eigenstates >EWSB’

B, Ve
Ws, | =277 Z, (95)
U, zZ',
1% W
Yol=zW | T (96)
W2p W;
)‘W,l B V~V7
Nio | =2V | W (97)
AW 3 wo
(98)
The mixing matrices are parametrized by
cos Oy —cosO1ysin®y  sin Oy sin O’y
ZvEZ _ sinOw  cosOw cosO'yy — cos Oy sin Oy (99)
0 sin O’y cos Oy
1 1
w V2 V2
7V = < A7 ) (100)
V2 V2
1 1 9
. V2 V2
AL ~igs iz 0 (101)
0 0 1
(102)
4.2 Rotations in Mass sector for eigenstates ’EWSB’
4.2.1 Mass Matrices for Scalars
e Mass matrix for Down-Squarks, Basis: (dL,al,dRan) , ( z’ﬁl,d}}’%)
m2~ _ mJL(jZ %(\/ivdT; — vsvu)\Yj)éng (103)
d %&1251 (\/ivde — USUqu/\*> mJRJE

1
mayi; = +571(3(492Q0 (Quaod + Qu,v2 + Quo?) + g3(— 03 +02) ) + g3 ( = 0+ 02) )duus
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1
+ 75,11 5 <2m2 + vleTYd) (104)
1
mJRci;% = 12 (69de (QHdvd +Qmu,v + stg) + g%( - 1)3 + v3)>5a252 + 5504252 (Zm?i + v(%YdeT) (105)

This matrix is diagonalized by ZP: ‘
ZPm3zP" = mg's (106)
with

JL,Z'O[ = Z ZD >kd]oz ) JR,ia = Z ZJ[L*(Zja (107)

J J

e Mass matrix for Sneutrinos, Basis: (1, SvR), (Dz,conj (SVR))

) Mooy —SVaUAY,S + %vuT:
mg = _%vdvs)\*YVT + %UuTlT ms . V(S R) (108)
vRconj| Sv

1 1
Mppo: = 5vZY;‘Yl}F + §1(4QZQQ (QHdvg + QHuvZ + wa) + (gl + gg> ( — UZ + vg)) + ml2 (109)
1
il(2g§Qv (QHdvfl +Qu, v + stﬁ) +g ( —v2 4w )) +m? (110)

1
m = §viYVTYV* +

SvRconj (SVR)

This matrix is diagonalized by ZV: .
ZVmizVt = mgl (111)
with

=Y 20, SVR({gtl}) =37y (112)

J J

e Mass matrix for Up-Squarks, Basis: (4r,0,:UR,q5) s (a;ﬂl,a’;w)

2 My at %(\/ivuTJ — vdvs)\YJ)(Salgz (113)
“ %5042/31 (\@UuTu - 'Udvsyu)\*) Magay
maa; = @1( (492Qu (Quav3 + Qa2 + Quv?) + g3(— v+ 03) ) + g3 (= 03 +02) ) bwup
+ 55‘“ o (2m2 +02Y]Y,,) (114)

1 1
Magas, = 55%;?2 <2mi + viYuYJ> + 61 (ng)@u (QHdvﬁ + Qu,v2 + wa) + g%( — v 4 113))5@252 (115)

This matrix is diagonalized by ZY: _
ZYmZZYT = mgie (116)
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with

~ U,*~ ~ U’*~
UL ia = Z Zji Uja s UR,ia = Z Zji Ujo (117)

e Mass matrix for Sleptons, Basis: (é1,€ér), (€},€%)

1 1
m2 = Merey —g0atu AV + JruaT] (118)
_%’()S’UUYE)\* + %UdTe Megpes,
1
meye; = +mf + 1(492Qu (Qu,vd + Qu, vl + Quo?) +gF (= vl +uf) + g3(—vd +02))
1
+ §’U§YJY5 (119)
1 1
Mepet, = ideYeYj + 11 (2g§Qe (QHdvﬁ + Qu,v2 + wa) + gf( — v+ vi)) +m? (120)
This matrix is diagonalized by Z: _
ZEm2zZPt = mie (121)
with
éri=Y Z;7¢, éri= Y Z"¢ (122)
J J

e Mass matrix for Higgs, Basis: (¢4, Ou, ¢s) , (Pd, Ou, Ds)
Mepgps  Mepupa  Mpaga

My = | Mpas Mouou Moo, (123)

Moaps  Mopups Moo,

1 1
Mepydg = 3 (vf + UZ) |)\|2 + A <4g§QHd <3QHdv§ + QHuvi + sti) + (g% + g%) (31}3 — vi)) + m%,d (124)

1 1
Mg, = _Z( - 4g12)QHdQHu +97 + 9%)11[1% - ﬁvs%(T)\) + vavy || (125)
1 1
Mmoo, = 5 (v5+02) NP+ 5 (192Qm, (3Qu, v + Quuvd + Quo?) + (= g8 — 63) (=302 +3)) +mds,
(126)
1
My, = —*viﬂ?(TA) + 95 QH,Qsvavs + vavs|A|? (127)
V2
1
M, = =R (Th) + 92Qu, Quvsvu + 50|\ (128)
V2
1 1
My, b, = 59,2,625 (3st§ + Qu,vg + QHH’UZ) +3 (vﬁ + vﬁ) A2 +m% (129)
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This matrix is diagonalized by Z: 4
Z%my 2" = mgiy (130)

with

ba = Z Zﬁ7*hj ’ Gu = Z Zg’*hj R Os = Z Zg’*hj (131)
i i i
e Mass matrix for Pseudo-Scalar Higgs, Basis: (04, 04,05), (04, 0u,0s)

Meoyoq %’US%(T)\) %Uu% T)\
mig = %QJR T)\> Mo, 00 %’l}d% T + §Zm2(Z) + §Z/m2(Z') (132)

%Uu% TA) %’Ud%(TA) Moo,

1 1
Mages = 5 (02 +02) N2 + < (492Qum, (Qu, v} + Q02+ Qu?) + (g2 +63) (= w2 +03) ) +mby,  (139)

1 1

Moo, = 5 (0802 )N + 2 (492Qu, (Qu,vd + Qu, vl + Quv?) + (97 +63) (— v +92) ) +mb,  (134)
1 1

Moo, = 59;625 (QHd’U?l + QHu'Ui + stg) + 5 ('Ug + ’Ui) |)\|2 + m2s (135)

Gauge fixing contributions:

mgdod mg'ug'd mgsgd
2
m (éz) = Msyo, Moyo, Mmes, o, (136)

20)2,2 in @2
Moyo, Mo,o, YpQsvssin®y,

1 2
Moo, = ZUZ (2gpQHd sin ©'y + cos Oy (gl sin Oy + go cos @W)) (137)
1
Moag, = = 7Vd0 <2gpQHd sin ©'y + cos O’y (91 sin Op + gs cos @W)> ( —2¢,Qm, sin®'y + cos Oy (gl sin O + g2 cos Oy
(138)
1 2
Mo, o, = sz( —29,Qpm, sin®'y + cos O'yy (91 sin Oy + go cos @W)) (139)
1
Moy, = igstvdvs sin 'y <QgpQHd sin 'y + cos O’y (91 sin Oy + g cos @W)) (140)
1
Mo, . = igstvsvu sin O’y <2gpQHu sin O’y — cos Oy <91 sin Oy + go cos 9w)> (141)
Moyoq4 Moyoa Moeoq
m2(£Z/) = Moyo, Moyo, Me.o, (142)

20)2,,2 12
Moo, Mo,o, YpQsvs cos Oy,
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1 2
Moo, = Zvé( —29,Qm, cos Oy + (91 sin Oy + g cos ®W> sin @’W> (143)

1
Moy, = fvdvu( — 2(91 sin Oy + g2 cos @W) sin ©'w + 4g,Q u, cos @’W> <2gpQHu cos @'y + (91 sin Oy + g2 cos @W) sin ©

8
(144)
1 2
Mo, o, = Zvi (2gpQHu cos Oy + (gl sin Ow + g cos @W> sin @'W) (145)
1
Meoyo, = igstvdvs cos Oy (ngQHd cos Oy — (gl sin Ow + g cos @W> sin @’W) (146)
1
Moo, = igstvsvu cos Oy (2gpQHu cos @'y + <91 sin Oy + go cos @W> sin @’W) (147)
This matrix is diagonalized by Z4: _
Z4m%0 20T = m3'%, (148)
with
o= Zﬁ’*A? , =3 Ziy* A9, o=y Ziy*AY (149)
J J J

e Mass matrix for Charged Higgs, Basis: (H; ,H,*), (H; ", HJ)

1 2 1.2 1 *
m?q_ _ mH;H;,* _§vdvu|)“ + 192V4Vy + ﬁUST)\ 4 §W7m2(W7) (150)
—%Ud’l)u|)\|2 + ig%vdvu + %’UST/\ Mg g+
1 1
Mgy = 502+ 5 (492Qu, (Quavd + Quv + Quo?) + g3 (= 2+ 03) + g3 (03 +02) ) + miy,  (151)

1 1
Mugeny = 50RA + 5 (492Qm, (Quavd + Qu,d + Q) + g3 (= vd +02) + g3 (03 +02) ) +miy, (152)

Gauge fixing contributions:

1.2 2 12
1920 —292VqVy
m*Ew-)=| [ (153)
—392VdVu 1920y
This matrix is diagonalized by Z7: '
Ztmy Ztt =mg (154)
with
Hy =) ZhH; Hf=> ZLH} (155)
J J

4.2.2 Mass Matrices for Fermions

e Mass matrix for Neutralinos, Basis: ()\U,)\B,, Wo,ﬁg,f[uo, 5’) , ()\U,)\B7W0,ﬁ37ﬁ275>

48



My 0 0 gpQHdUd gpQHuUu gstUs

0 My 0 —%glvd %glvu 0
0 0 M, %QQ’Ud _%QZ'UU 0
myo =
X 9pQH,Vd —%gwd %gzvd 0 —%Us)\ —%vu)\
9pQu,Vu %glvu _%92'Uu _%’Us/\ 0 —%’l}d)\
1 1
gstUs 0 0 _%’UU,)\ _ﬁvd)\ 0
This matrix is diagonalized by N: '
N*mgpoNT = md
with
_ * 10 I * \0 50 % 10
M =D N, Ap =D NpAT, WO =D NjA]
J J J
Hj = ZNJZ)‘?’ o, = ZN;S)‘?’ §= ZN;FG)‘?
J J J

Mass matrix for Neutrinos, Basis: (VL,conj (FvR)) , (VL, conj (FVR))

0 %vuYV
m, =
Lo YT 0

V2

This matrix is diagonalized by UV : ‘
UV,*mUUV7T _ mgza

with

VL = Z UXv*va({thD , FVR({gtl}) = Z U;Z/-conj (va({th}))

J

Mass matrix for Charginos, Basis: (W*, ﬁd_) , (V~V+, fIf[)

. M, %92%
e = L g Ly
\/592 d okt
This matrix is diagonalized by U and V' _
U*m;(VJr = m‘j{f

with
W= = Z 1A Hy = Z 725
t ta

2
T+ * )+ T+ — * T
W= Vil Hf =) VA
tz t2
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e Mass matrix for Leptons, Basis: (er), (e};)

This matrix is diagonalized by Uf and Ug

with

e Mass matrix for Down-Quarks, Basis:

This matrix is diagonalized by U and U%

with

Me = ( %deeT )

e,* e, dia
U "mUR" = myg

€,k
eri = E UpiEL;

ta
— € *
R = E Ur,i; ERr,;
ta

(dr,a1) (d}%,ﬁl)

mq = ( %vdéalﬁlydT )

d,* d,f _ di
U mgUg' = mg™®

d,*
dL,ia = E :UL,jiDLJa
to

_ d *
dR,ia = Z UR,ijDR,ja

to

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

This matrix is diagonalized by U} and Uy

with

My = < %vu(salleuT )

w,k w,t _ __ dia
Uy m U’ =my,

U,
ULjia = E :UL,jiULJa

to

_ u *
UR i = E UR,ijUR,ja

to
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(168)

(169)

(170)

(171)

(172)

(173)

(174)

(175)

(176)

(177)
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Vacuum Expectation Values

1
HY = —¢a
! \/5
Ho_i
“ ﬂ
1
S=—¢
ﬁ

Tadpole Equations

\@
1
ﬁ
\/i

—vg+1

— Uy +i—

1
\/ﬁd

1
ﬁu

1 1
— Vs + 11—

27

o = 500 (1920, (Qud + Qud + Quo2) + (o + 98) (= v va) (va + v2))
N i( V2vav, (TA +TA) + Ud(2(v§ + vi)w? + 4m§{d>)
g;; +; u(492Qm, (Quavd + Qu, w2 + Quo?) + (9F + 63) (= vi +2))
(= VB (5) 4 + (5 )07)
STZ = ggngvs (Quvd+ Qu, 02+ Qu?) + 5

Particle content for eigenstates ’EWSB’

7<— ﬁvdvu(Tj +T>\) +vs(2<vd +v )\)\|2 +4ms))

Name Type complex/real Generations Indices

d Scalar complex 6 generation, 6, color, 3
v Scalar complex 6 generation, 6

U Scalar complex 6 generation, 6, color, 3
é Scalar complex 6 generation, 6

h Scalar real 3 generation, 3

A0 Scalar real 3 generation, 3

H~ Scalar complex 2 generation, 2

g Fermion Majorana 1 color, 8

x° Fermion Majorana 6 generation, 6

v Fermion Majorana 6 generation, 6

X~ Fermion Dirac 2 generation, 2

e Fermion Dirac 3 generation, 3

d Fermion Dirac 3 generation, 3, color, 3

o1

(179)
(180)

(181)

(182)

(183)

(184)



U Fermion Dirac 3 generation, 3, color, 3
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

n? 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 Down-Squarks (d)

I; ;(p?) = AL g

2
1 2 2 2
+ 2Fd:,-,¢§;f,Z’,Z’ ( — irMst/ + Ag (mz,)) — ZAO (mH{,)Féi,d:}H,T}H;
: a=1

( — %rMSm%V, + Ag (m%[,,)) + QFJ},

&).%“

2

3 3
L™ 4 (m2o )1 L™ 4o (m2 )1
772 o\"Mag dﬁ;,Ag,Ag*iZ O\"ha ) d,,d% ha ha
a=1 a=1
3 2
-2 E My, g BO(pQ,mi ,m%_)mw(FL:* e 4B 1L o
@ Xp Xbp d}umxb dfvuava djvuaaXb dy yUa ) Xy,
a=1 b=1
3 2
+3°5 Go(pz,mi ,m%,)(réj rt _4rf R -,)
@ Xp dj sUa sy Xy di sUas Xy dj yUa s Xy di sUa s Xy,
a=1b=1
3 6
-2 E m E B ( 2 m2  m2 )mm(FL:* re + i IR
da ONP™ M M )G\ e i drada k) | d5da %Y sk

3 6
Go(p?,m3,,m% ) (1%, T ree o rE )
+2_ 2 Go(pmi,, )\ d et drdexd T E de kS d e kO

b
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6
— C;Ao(mi)F

(X}

S
S
oF!
§~x

\
[en)

3

™ N

N
N—

=
S
A

d},ex.e
a=1 7 “
6 6
— 2 . 75 2 .
CZAO (mu“)rdmd;ﬂﬁyﬁa Ao (m”"')rdn 505 Ta
a=1 a=1

+ZZBO(]9 m m )I‘d
a=1b=1
6 3

6 3
+ ZZBO (pz,m2~ mi())F*

2.2 2\«
d,d,,A? cl:*JaAO—i_ZZBO(p 7mJa7mhb>Fz
a=1b=1 gty b a=1b=1
3
8

— §m§ZBO (pQ,mg,mzb)mdb (F@* rf

o S L )
P d},g1,dy  d7,g1,dp 7

d;,g1,dy  dj,g1,dp
4 3
2 2 2 Lx* L Rx* R
—l—fEGO( m~m><f‘:~ r: 402" ol )
3 2O T )\ gy e s d s

% dahy - dfdashe

6 6
4 * 2 2
+§er}gdbl—‘j%gyd~bf‘o(p M, ) Z % v,ds d*m Fo(p m 0)
6
2 2 2
+Z d* Zdb d*,Z,(ibF0<p amd"bv ) Z Z’ db d*,Z’,CZbF (p md ,mZ/)
b=1
* 2 2 2
+ZF T abFO(p 7mﬂme*)

(185)
e Self-Energy for Sneutrinos (7)

1 1
IL; ; (p?) = +4F5i’,§;$w+ W ( — irMSm%,V_ + A (m%{,_)) + 21},1_71:,; Z’Z( — irMSmZZ + Ay (m%))

2
1
+ 2F5i’5;’2,’z, ( - irMSm%, + Ay (mZZ,)) — Z Ao (m?{;)f‘f’i’;* HE H-
a=1

RS S R PN

i 1 Xa »€b

A .
»Xa 1€b

U R e
2 3
Go (2, m2_,m )(FL"Z L A v
+ZZ AR Pt xtien brxdes T VX Xdsen” U Xd ven
a=1b=1
2 6
2 2
+ZZBo<p,mH;7 eb)r.,H
a=1b=1

;7 bl—"i: H,, &y ZAO (mAO) Vl)l:’;vAgvAg
3
1

SRTEI P RS
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6 6 3
2 2 *
- E Ao (mﬁ )Pf/“ﬁ; 7 + E By (P , My, amAO)F;;,,;a,Agrﬁl W, AY
a=1 a=1b=1
+ZZBO<p mVa mhb)rl/ Wa,hp ™V Ua,yhy
a=1b=1

2 Lx R Rx* L
Zmua ZBO (p my, ,m}sz))mx (Fﬁ}‘,vmfcgr ey T 15 J,uu,xbrﬂ:,ua,ig)

6
1
= 2 2 2 Lx L Rx R
+ 2 Z Z Go (p 7mvwm>‘<2> (FD*,va,XQFﬂ Va XY FV, ,me,,Fﬂ;“-,va,fcg)

a=1b=1
6
* 2 2 2
+Zrﬁ;,w+,ebrﬁz7w+7ébF0(P 7mébvmwf) ZP o) 57 .0, FO (P muba())
b=1
6
+Zr-*2% 2o Fo (PP m% ) + D Tse 5, Do 5, Fo (02 md, %) (186)
b=1

e Self-Energy for Up-Squarks ()
2 1 2 2 1 2 2
IL; ;(p”) = +4Fﬁi,ﬁ;,w+,wf ( - §rMsmW* + 4o (mwf» + QFﬁi,ﬁj,Z,Z( - §rMst + 4o (mz))
1
+ 2F§i75;,z,7z, ( — irMSmZZ/ + A (m%)) Z Ao( )F,”-* HE HC
Lx R Rx L
- 22’”** ZBO (p m“’mdb)mdb (F it ar st TlE xka i st ,db)

2 3
G(Qm,m )(FL*~ rt i . TR )
+ZZ o\P oy X, dy 17Xa7db+ arxddy s ur,xddy

a=1b=1

2 6 18
2 2 * ot 2 ..
+ E:Bo(p Mg, )F “ HEdy Fﬂ;,Hi,db 2 ZAO(mAB)FuhU}A&AS
a=1b=1 a=1
3
1 2
—52 AO(mh) {iy,i* ha,h
a=1
3 6
Lx R Rx* L
QZmuaZBO(p M, O)m (Fuj,umxbru ua,xg+Fu,ua,xbra:,um>z‘;)

+
[ 5
M ,_.
8
T
X;l\)

) (FL* FL o + ]_’\R* F5* 5 )

0
uJ7uayXb ulxutuxb u];uav)(b U; s Uay X,
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a=1
6 6
2 2
7C§ A()(mﬂa) dl,u.,u g § : ( )F’fl«z,ﬁ;,ﬂéﬁf’a
a=1 ’ a=1
3
2 *
+E Bo(p mg on)Fﬂ;’amAgFu“ua,AoJr g g Bo(p mu amhb)ru_,uwhbrﬁj,ﬁa,hb
a=1 b=1 a=1b=1
3
§m § B m2,m2 Ymy, (DL rf +r& L
3 0 p g up Yo \ T ut,g1,us uf,gus ul,g1,up Uy,g1,up
b=1
4 3
2 2 2 Lx* L Rx* R
T3 > Go (p mgvmw) (Pa;,ﬁl,ubraz,m,ub + Fa;,gl,ubra:,ghu)
b=1
6
4
2 * . 2
+ § ,F cw g, Lz w,d, Fo (p m; mW*) +3 215 gL g Fo (p mubvo)
b=1

+Zru YTy imubFO(p mub, )+ZF~*ZUb -7Z7ﬁbF0(p2’m’21b’mQZ)
+ZF”*Z’ aLarza Fo(p mub,mQZ/> (187)

e Self-Energy for Sleptons (¢€)

1 1
II; (p2) — +4Fé,i,é;,w+,W— ( — irMSm%,V, + Ao (m )) + 21"67 &,z Z( — §rMSm2Z + Ay (mzz))

1 2
2 2 2
+ 2 620 ( - gtMSmz + Ay (mz’)) =24 (mH(:)Fémé;,Hi Ha
a=1
3 3
1 2 1 A 2
-3 E Ao m 0 Féi,é;,Ag,Ag D) § : 0\Mh, Fé“é* ha;ha
a=1 a=1
3
Lx R L
—2 E Me,, E :BO (p me,my O)mxg (Fﬁjyea,xgre arXY +F@ €a XbFé?»eavig)
a=1
3 6
2 2 2 Lx L Rx R
+ E E Go(P 7meaam>”(g> (Fe ea,XgFE e(“X(bJ+Fe.,ea,xbréf,ea,)~(g)
a=1b=1
6
2 <
-3 E Ao(mda> &8t dnda g Ao( ) &i,85,858a
a=1
6 6
2 2
-3 E Ao(maa)ljgivg}ﬁ;,ﬁa - g Ay <m9a>ré1,é;p;,ﬂa
a=1 a=1



6 2
2
DI CRE N L

a=1b=1
6 2
2 2 2 Lx R Rx* L
22:1’””0 > Bo (p ’mVa’mx;>m>2; (Fé;,umx;Fél,umxb s Fé:,ua,x;)
2
+§ ) Go(p2,ml, .m? )(FL rt TR TR ~,)
€5, Va,Xp €5 VaX, €5.Va,Xy €5 VarXy
a=1b=1
6 3
2 2 2 %
£33 Bo(p?m2,m U5 gl aa,Ao+ZZBo(p m2,mi, )T o T oo
a=1b=1 a=1b=1
6
* - 2 2
+Zré;,v,ébréfm€bF (p meb,O) +ZF~* ZébI‘ . ZebFo(p meb,mz)
b=1
6
+§F o Fo(p®m2,,m% ) + > Tt I': 5, F m2 ,m3 (188)
) ér,z,&, 0\ P Mg, Mz EW=ny & W o(p*, oy M -
b=1

e Self-Energy for Higgs (h)

1
I, ; (p?) = +2(—§IMS+BO(p mz,mz))r* ZZI‘h“ZZ—l—AL(—ﬁrMS—i—BO(p mZ,mZ,))r; . ZI‘BhZ,,Z—&—Q(—irMS
—|—4(—7rMS+BO(p m2,_ m2,_ ))r;; wew-Thows _Bo(p{mg,,mﬁ,)rﬂm—,m,r%m—,m,
— Bo (pZ’ m727+’m727+>rﬁli7njr,n+rﬁj7n1,n+ — Bo (pQ’ mfiz’mflz)rizun?nzrﬁjm?nz

2 2 2 2 2 2
—2Bo(p ’m7727mnz/)Fh'ianilvnzrhjvné/7nz — Bo(p 7mnzl7mnz/)rﬂv

> I
im?' %’

h 772/ 772/

1 1 1
+ 4Fhi7ﬁj,W+,W— ( — irMsm%V_ + AO (m%,v_>) + 2Fili,77/j,Z,Z( — §rMSmQZ + Ao (mzz)) + 2F;741',77/j,Z,7Z/ ( — irMSmQZ/

2 2 2
2 2 2 2 «
_ZAO(mH;)FBi,Ej,H(T,H; +ZZBO(7’ ’mH;’me_) byt - Yk
a=1 a=1 b=1
2 2
—2§ me B( m?_ ~,>m (FL* re . _yrR L k,)
Xa o\ » Xo \ hyXd Xy hioxd X + Ry xd %y R XE X,

2 2
G(2m%, m‘%,)(r@*~ _Tb TR DR )
+ZZ o\P Xa Xy by xE %y hiXd %y + hyxd %y " hiXd X

a=1b=1
1 3
2
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3 3 3
+ Bo(p?,m2 ,m2%, )T Ir; +1 B mi ,mi T3 I;
O\P™ My MAQ ) B b, A isha,A) T 5 o( %, ha? Mhy |2 s b by ™ Bishashe
a=1 b=1 a=1b=1
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a=1 b=1
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a=1b=1
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a=1 a=1
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NE

2 2 2 x 2 2 2
+22Fh o my Dhwe y Fo (p ’me_’mW_) + 2 1%, z.a0 ki 2,490 (P ’mAg’mZ)

b=1
+ Z Fh 21, AQ L. zr,a9F0 (an migam%') (189)
¢ Self-Energy for Pseudo-Scalar Higgs (A°)
I (p*) = —By (p2, mf], J mfr’)FA?mlm*FA?mlm* —Bo (pQ’ m%*’mf]*)rAE’m}m*Fz‘i?m}m*

1 1
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9.2 Two Scalar-One Vector Boson-Interaction
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9.6 Three Vector Boson-Interaction
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9.9

Four Vector Boson-Interaction
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+ vdZ,ﬁ’* ( —29,Qm, cosO'w + (91 sin Oy + go cos @W) sin G’W)

2
+ vuZlg’* (2gpQHu cos Oy + (91 sin Oy + go cos GW) sin @’W) ) (578)

VA

— ZQQSW_ (vd (2gpQHd cos Oy + ( — g1 5in O + g cos ®W> sin @'W) Z5

+ vy, (QgpQHu cos Oy + (gl sin Oy — g cos @W) sin @’W) Z,jz) (579)
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— igﬁwf (vd (QQPQHd cos Oy + ( — g1 8in O + g2 cos @W> sin @’W)Z;l

+ vy (QQPQHu cos @'y + (91 sin Oy — go COS @W) sin @'W) Z,;;)

(580)
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