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1 Superfields

1.1 Vector Superfields

SF | Spin 5 | 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 Generations | (U(1) ® SU(2) ® SU(3))
q Sq0 Fq0 3 (%, 2,3)
SF (10) S10 F10 3 (-1,2,1)
Hy Hy H, 1 (-1,2,1)
H, H, H, 1 (3,2,1)
d | dy Ay 3 (3.1.3)
i ad%* wl 3 (-2,1,3)
SF <e0) &% | conj (FeRo) 3 (1,1,1)

2 Superpotential and Lagrangian

2.1 Superpotential

W =puH, Hy — YydgHy erSF(eO) SF(lo) Hy +Y,aqH,

2.2 Softbreaking terms

~ HYHSB, + Hy Hyf B, + HYdy" 0asd?, ;5T —

Te K%

~0,% ~0
H eRzuL] €,ij

HouR 0 O0aplr, ipTuij + h.c.

012 erHd\H |2 +mH |HO|? er%,u\H* 2

2
+ dR zadaﬁmd szR iB + eL zml zJeL J + PR zm

2
+ uR zaéaﬁmu zyuR 7B + uL zml ’LJU'L 7

—Lspw =
0~0,% ~0
+ HdeR i€L.j
—Lsp,g = +mi, |H,
—Lsp = 5

~0

2 =0 -0,
e,ij€R,j T UL i

(ABMla,»j + Madis Ay Ay + MadisAgag,s + b )

_ 50, 0
Hydg' 00ty ;g7
H+U‘R wzaOé,BdL j,ﬁTu i

70,% 2 70
+dp 000y AL jp

* 2 =0
OapMy ij UL, jp



2.3 Gauge fixing terms

2.3.1 Gauge fixing terms for eigenstates ’GaugeES’

1 B 1 _ 1 _
Lo = — §|8uB|2fBl - §|aﬂg|2€g T §|5'uW|2§W1

2.3.2 Gauge fixing terms for eigenstates ’SCKM’

1 _ 1 _ 1 _ " 12—
Ler = — 7|8/,Lg|2§g 't 5\3u7|2§y -] 592 (Hd va — vu B )fW— +0, W PEg
11

-3 =|= 5 (28 Z + (Udvd - quu)fz (91 sin Ow + g cos @W)) \2521

2.3.3 Gauge fixing terms for eigenstates >EWSB’

1 _ 1 _ . _ 12—
Lagr = — 7|(Q)Hg|2€g 1 _ 7|8’“”y|2€y 1_ ‘ — Zg2ngn2§W (vngen21 UUZ;reHQQ) + apW ‘25{/{/17
11

—35l5 (2Agen2§Z (gl sin Oy + g2 cos @W) <vngen21 ’UuZ;;nzg) + 28uZ) |2§21

2.4 Fields integrated out

None

3 Renormalization Group Equations

3.1 Anomalous Dimensions

7 = = (4592 +80g2 + gl) 1+Y]Y, + V)Y,

(2) @ 4 8 4)1 4 Y’ry —QYTY YTY
90091 ~ 993 + 591 tu d¥q¥d

2
VIV, YIY, + ijd( — 3Ty (YdeT) + gt (YYT)) — 3V, T (Yuyj)

, 15, 1
+(89293 + *92 9091 (1693 + 992) +

3
ey z——(5gg+g1>1—|—Y Y,
se(n) 10

3= Loviyyly + 130 (125g§ + 309202 + 699‘1*) 1+ YJYe( - 3T1~(Ydyj) + ggf - Tr(YeYJ))
SF (10)

3
7)) =31 (YdYT) = (5g2 + gl) + Tr(YeYj)

5 207, 9 15, 2 6
V9 =+t + 1ogted + i - 5( —d0g3 + 3 ) Tr (Yav] ) + 5ngr(Y vi) - om(vavivay))

— 3Ty (YdYu Y, Y] ) - 3Tr(12YJYeYJ)



m _

H,

VO

H,

e

(2)
Yd

A =

(2)

SF <eO

3
—= (101 (V) + 568 + )
1
—3Tr(YdYJYqu ) - 9Tr(YuYJ YY)+ ) 4593 - g+

4 L9

10
2
=2Y;Y) — = (209§ + gf) 1

2
= +5 ( — 10003 + 10197 + 809363 )1~ 2(Vi VI VYT + ViV IViY])

ryYT ( - 2Tr(YeYeT> +6g2 — 6Tr(YdeT) n gg%)

8

=2, - = (50 + g3)1
15

8
= 595 (1071 — 2503 + 80gte )1 — 2 (VoI YT + vV YT
2

+ Vv (66 - 6T (V) - Za?)
6

= 2Ye*YeT - 59%1

234
= _2Ye*}/'€TYe*}/€T 235 41 —+ Y YT( _ 2Tr (YEYJ) + 693 _ 6Tr(Yde'|‘> o gg%)

3.2 Gauge Couplings

5(1) _ § 3

D — %g ( - 130Tr(Y yf) +135¢2 + 19992 + 440¢2 — 70Tr<YdeT) 90Ty (ny))
5(1) = 92

5 = 243 ( —10Te(Y. Y, ) + 12003 + 12563 — 30T (vav] ) — 30T (v, ¥} ) + 92

B

ﬁ = *93 (1191 - QOTY(YdYT) —20Tr (Y YT> + 4592 + 70g3>

3.3 Gaugino Mass Parameters

1
8y

2
7 = 5297 (39897 My + 13503 M, + 44093 M, + 44003 My + 135630, — TOM Tr (VoY) ) — 000 Tr (V.Y )

66
5 9iM

(28)



— 130M;Tr (YuYJ ) + 70Ty (Yj Td> + 90Ty (YJ Te) + 130Tt (YJTU»

5(1) = 29§M2

2
82 = =4 (9g§M1 +12092M; + 992 My + 25092 Mo + 12092 My — 30MoTr (Ydyj ) - 10M2T1r(YeYJ)

— 30M,Tr (YUYJ ) 4 30Ty (Yj Td) 10Ty (Yj Te) +30Tr (YuT Tu))

Bip) = —6g3Ms

2
82 = ~di (nng1 + 1192 My + 4592 M + 14092 M; + 4562 My — 20M3Tr(YdeT) — 20 M, Tr (YuYJ>

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

3.4 'Trilinear Superpotential Parameters

6, 7
395~ 129+ Tr(YeYJ» LYYy,

By = ggfdeJYu —AYY VY iy — 2vuy v,y v, — 2vayiv,yly,

B = 3vay va+ Ya( - 363 + 31 (vav]) -

4
+ YdYTYd( 3Ty (YYT) +6g2 — 9Tr(Yde ) + ggf) - 3YdYJYuTr(YuYJ)
287 15, 8 16, 2
+ Yd(ng + 9195 + 502+ 59195 + 80395 — 505 — 5( — 4093 + gf)Tr(Yde)
6
+ 5g§Tr(YeYJ) - 9Tr<YdeT Yv] ) — 3T (YdYJ Y, V] ) - 3Tr(YeYJ Y.Y} ))
(1) _ t _ 9.2 £y 9 o i
BY) =3V, V1Y, + Y. ( - 3¢3 +3Tr Ydyd) “g} + (V.Y
B = —aYYIV.Y]Y. + V.YV, ( - 3Tr(YeY;) +6g2 — 9Tr(YdeT))
n 1—0}/’6( - 4( — 4062 + gf)Tr(YdeT)
+ 3(459‘1l + 6g2g2 + 25¢4 + 4¢2Tr (Yeyg ) — 30Tr (Ydyj Y,v] ) —10Tr (Ydyj Y,V )
- 10Tr(YeYteYj)))
(1) _ v i 2 2 + 2 t
B = 3V, — Y (1897 + 4503 — 45Tx (V.Y ) + 8003 ) + V.Y
2
By = —|—5le WYY, + 603V, Y, — 2y, Y Yy, — 2y, Y vy,
ty vt f 1) 4 22 t i i
AV, YV YIY, + YY) Yd( _ 3Tr(Yde> + gt (YY )) —9Y, Y] YuTr(YuYu)

2743 4 n 2, 15 4 n 136
450 g1 9192 D) - 92 15

3Ty (Ydyjyuyj) —9Tr (YuYJYuYJ))

16, 4
——gi93 + 89595 — —93 + = (209:»2, + gf>Tr (YUYJ )

+Y< 5



3.5

3.6

Bilinear Superpotential Parameters

50 =3t (vav]) - Su(s6d - 5o (vy) + ) + (Vi) (40)

1
B = %u@mg‘f + 909292 + 375g4 — 20( — 4062 + g%)Tr(Yde ) + 60g2Tr (YEYJ ) + 40¢2 Ty (YUYJ>

+ SOOggﬂ(Yqu) — 450Tx (Ydyj Y,v] ) — 300Tx (Ydyj Y,V ) — 150Tr (Yeyg v.v; )

— 450Ty (YUYJ Y, Y7 )) (41)

Trilinear Soft-Breaking Parameters

1
E

2
B,

7 16
=AY Y Ty + 2YaYI T, + 510V Yy + TV 1Y, — 15g§Td — 32T, — gggTd
T T i 2 f 14 5 32 5
+ 3Ty (Yav] ) + TaTe (Y[ ) + Ya (20 (YIT, ) + 69305 + 6Tr (Y] Tu) + oM+ g2 M) (42)
6 8 8
=+ YaY T+ 63YaY [ Ta — ZgiMYaY]Yu + ZgiYaY[T,
6 4 .
+ gngdeTYd +1202TyY Yy + gg%TdYJ Y, — 6Y,Y Y.y,

— 8V, YT, YIv, - ovuviv, YT, — avyviv,yiT, — avyyiT, Y]y,

—AYYITYIY, — 6Ty VeV, Yy — ATy v, Y]V, — 2Ty iy, Yy,

2T T+ 03T + i+ S g0 Ta + ST — AT

— 12V, Y] TyTx (Ydyj ) —15T,Y] YdTr(YdeT ) — %g%TdTr (Yde )

T 1Gg§TdTr(Yde ) — AY,Y T (YeYj ) — ST,V YTy (YeYj )

n g GPTyTr (YEYJ ) — 6Y,Y T, Tr (YUYJ ) 3T,V Y, Ty (Yuyj )

— %YdeT Y, (15Tr (Y; Te) + 3092 My + 45Tr (Yj Td) n 4g§M1) —6Y,Y Y, Tr (YJ Tu>
— 9T, Tr (YdeT YY) ) — 3T, Tr (Yde Y, Y] ) — 3T, Tr (YCYJ v.y; )

— %Yd (2879‘1‘M1 +45g7 g5 My + 4097 g5 My + 4097 g3 M3 + 3609593 M3 — 160g5 M

+ 45922 My + 67563 My + 36092 g2 My — 18( — 40g2M; + g%Ml)ﬂ(Yde)

+54¢2 M, Tt (YeYJ ) +18¢2Tr (Yj Td> - 720g§Tr(YdT Td> — 54¢%Tr (YJ Te)



+810Tt (1/deT T,Y] ) + 135Tr(YdYJTqu ) + 270Tr(YeYJTeYJ ) +135Tr (Yqu T,Y! )) (43)

) — P4V YT, + 5TLY] Y, — gng 3027, + 37T, Tr(YdYT) +TTr<Y YT)

4y, <2Tr (Y;Te) + 692 M, + 6Tr (YTTd) ngl) (44)

18

5
6 6

) = = + 2GRV YIT, + 63V YT, - CRTYIY, + 12T,

9 , 5
59192T + —g5T.

2
— 12T (Yav] ) - 15T (Yav] ) - gng@Tr (vary)

OV YIVYIT, SV YT YIY, — 6LYIVY]Y, + L giT, +

+ 169§T6Tr<Yde ) —4v.y] TeTr(YeYeT ) —5T.Y] YeTr(YeYeT )
+ g @, Tr(Y vi ) —6Y,YY, (292M2 + 3Tr<YTTd) + Tr(YT T, )) — 9L Ty (YdeT YY) )
— 3T Tr (YdYJ Y,Y] ) — 3T, Tr (Yeyj v.Y; )
2 f
- LY. (1359 My + 9922 M, + 9922 My + T5g2 Mo + ( 2620, + 8042 Mg)Tr(YdY )

n GglMlTr(Y YT) +2g2Ty (Y Td> - 80g§Tr(YTTd) - 6g2Tr(YTT )

+ 90T (YaY  Tav] ) + 15T (Yavi T v] ) + 30T (VY Ty ) + 15T (Vo[ Tuy) ) ) (45)
1
O = L2V YTy + AV YIT, + TLY Yy + 5T, Y] Y, — ngfTu — 3¢2T, — 36 92T,
2 2
+ 3TuTr(YuYf) +Ya (69305 + 6T (YT, ) + 12 2M, + 3—g§M3) (46)
4

o) = 42 le Y Ti— - MY,Y]Y, - 12630LY, VY, + Ggfy YiT,

+6¢2Y, YT, + 5g%T YIYy +1263T, Y, Y, — 4Y, Y YaY T,

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

274
— 8V, YIT, V]IV, — 21,V VYV, — 4T, Y]V, V1Y, — 6T, YV, Y]V, + 47503 i
15 136 16
+ 9193 T+ S 02T + = 9193 Tu + 80303 — 95T — 6YuYJTdTr(YdYJ>

=3y vame (Yavy ) - v Y Tame (Vv ) - Ty fvame(vy))
12V, YT, Tr (YUYJ) — 15TUYJYUT&“(YuYJ) + gng Tr(Y YT)

+ 16627, Tr (YUYJ) _ %YquYd(mTr(Yde) 422 M, + 5Tt (YTT ))
—18Y, YV, Tr (YJ Tu) — 37, Tr (YdYuT YquT) — 9T, Tr (YuYJ YuYJ)

2
-3 25Y (27439 M, + 2259392 M, + 6809392 M, + 680g7 g5 M3 + 180093 g2 M3 — 80093 M3



3.7

3.8

+ 2259262 My + 337594 My + 18009292 My + 180 (2Og§M3 + ngl)Tr<YuYJ)
— 180 (20g§ n g%)Tr (YJTu) +675Tr (YdYJTuY; ) +675Tr (YuijdYJ)

+ 4050Tr (YquTuYJ )) (47)

Bilinear Soft-Breaking Parameters

6 3
f) = +2gtMup+ 693 Mop + B“< — 3¢+ 3Tk (YdY;) 43T (Yuyj) I (YYT))

5
+ 6T (Y{Ta) + 20 (YIT, ) + 60T (VIT,) (48)
207 , 9 15 , 2 6 1
) = +Bu(Toot + 2otad + oot — o (— 093+ gf) e (var]) + Sotmr (Vv ) + i r(vay))

+16g3Tr (Vv ) = 9T (vavfvay]) - T (vavvv] ) - sm(veviveyl) - ome(vuvivayy))
- %u(QO?g‘fMl + 45¢2g2 M, + 45¢2g2 Mo + 375¢3 My — 10( — 40g2M; + g%Ml)Tr(Yde)

+ 3092 M, Tr (Yeyg ) + 2092 M, T (YuYJ ) + 4002 M Tr (YuYJ ) +102Tr (Yde)

— 400g2 Ty (Yj Td) - 3Og%ﬁ(Y;Te) — 20¢2Tr (YJTU) - 400g§T‘r<YJTu)

+ 450Tx (YdeTde ) +150Tt (YdYJTqu ) +150Tt (YGYJ .Y} ) + 150Tr(YquT TdYJ)

4 450Tr (Yqu TuYuT)) (49)

Soft-Breaking Scalar Masses

- \/Egl( —omx(m2) —Te(m?) — iy, + iy, + Tr(m3) + Te(m2) + Te(m2) ) (50)
o311 = liogf (21 (m3) + 3T (m? ) + 3mdy, + 3miy, + 6Tw(m2) + 8T (m? ) + Tr(m?)) (51)
1 1

73 = 55 i n (= g, — 5g8miy, + 9gtmiy, + a5gmty, -+ 4(200% + g )T () + 3691 ()
— 9ngr(ml2) - 45g§Tr<m12> + ngr(mi) + 45g§Tr(m3) + SOggTr(mg) - SZQ%TY(mi)

— 1602 Tr (mi) +90m%, T (YdeT ) +30m%, Tr (YeYeT ) — 90m%, Tr (YUYJ ) — 60Tr (Ydyj m3*>
~30Tr (Ydmg*yj ) — 60Tr (Ye}jmg*) +30Tx (Yem%*Y;) +120Tr (Yuyjmg*)

— 30Tx (Yumg*yj ) ) (52)

10



1
022 = 5(3Tr(m(21> +my, +my, + Tr(mf))
— Lome(m2) + T (m2) + T (m2
027375 r{img ) + 1r{mg ) +1r{m;,
32
/35,1% = UM — i1 My — 6931 (M + om% YIYy+2m% Y]V, +2T0T,
+ 2TJTu +m2Y) Yy + m2Y]Y, + 2V m3Yy + Y] Yym?2 + 2, m?Y,
1
+ 2
+ Y, Yumg + 7T591101,1
2
B = +=gtgs1|Ma” + 33g31|Mal” + 3293631 | Mo

5

16
+ 1093 (15303 (2M; + M) — 86305 ) + g3 (205 + 14 ) 105 + Sl MLLMS + 160363 My 103

¥ gglmzdm + Sgim, VIV,
o 225 M ((5(1Gg§ (2M1 + M3> +9¢2 (zM1 + MQ)) +597¢° Ml)
4180 (2M1Yij —OVIT, + AMY]Y, — Yde))

GIM TS Y, + gngTTd - §glMlTTY + ingTT

+ %g%m2YTYd + ég%mQYTYu + gngdeYd + gg%Yijmg
+ 8leTm Y, + g%YTY m2 — 8m3, YIYaY, Y, — 4V} Y, TiT,

- 4YdT T Yy — 8m¥, YV Y]V, —aviy, i1, — aviT, 1]V,

—ATIY Y Ty — ATIT,Y ] Yy — 4TIV, YT, — ATIT,Y Y,

—2m2Y VY Yy — 2m2Y VY Y, — 4y m3yay] Y, — 4y Yyum2y Y,
— AV Y, Y m3Y, - 2V Y Y Yam? — 4y m2Y, Y]V, — 4Y]Y, m2YTY

2
— YV, YIm2Y, = 2V, YIv,m2 + 6931025 + % o

= 12m%, Y vaT (Yav]) - 67) 7T (Yav] ) = sm2yvare(vay])

g§102,3 + 91102 11+4

\/—591 los;
— 6V fm3YaTe (Yav] ) = 3v[yam2 T (Y] ) — amdy, vivam (vovy)

— 9T Ty Ty (YeYj> — m2Y YTy (YYT) — oV Im2Y,Tr (YeYj>

— Y Yym2Tr (Yeyg ) —12m2, Y]V, Tr (YUYJ ) — 6T, Tr (YUYJ )

— 3m2Y, Y, Tr (Yqu ) — 6V m2Y, Tr (Yuyj ) — 3V Y,m?Tr (YuYJ )

= 6T YaTe (Y[ Ta) - 21 vam (VIT.) - 6Tv, T (VT )

11

(55)



B

B

B =

Bt =

1)
m2
Hg

(2)
m2
Hg

— 6Y Ty Tr (Td Y, ) — 6Y] Y, Tr (T;TdT ) — oy T, Tr (T;YZ)
— vy (17T ) - VI T (T ) - 6y v T (T
—6Y YdTr(dedYT> - 2YTYdTr( 2y, v ) — VY, Ty (mfyg Ye)
— 6Y]Y,Tr (mgyj Yd> — YV, Tr (mgyj Yu) — 6YV, Tr (miyuyj )

6
- _7911\M1|2 6931 Ma|? +2m3; YV, + 2TIT, + miY]Y, + 2Y,m?Y,

3
+ Y Y.m? — \/;91 1o,

3 12
+243 (393 (20Mz + My ) + 5563 Mz ) 1M + T RA

12
+ % 201y ( —20YIT, + 3(593 <2M1 + MQ) + 69ng1) 1+ 4OM1YJY6) - —gMTY,

L2
+ GTIT, + ggl m2Y]Y, + —glyf 2y, + Ggfyfyml

= 8m3y, YIVYIY, —aYIV.TIT, - aYIT. T}y, — ATIY. YT,

—ATIT.Y Y, = 2mi VIV Y]V, — aVIm2V. Y)Y, — 4V y.miY]Y,

— AV Y YIm2Y, — 2V V.Y Yom? + 6g3loa s + ggflaw - 4\/391103,1

—12m2, VIV, Ty (Yde ) — 6T T, Ty (YdeT ) — 3m2YY, Tr (YdeT )

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

- 2TgTeTr(YeY;) Yy, T (YYT) oV m2yY, Ty (YYT)

— YeTYeleTr<YeYJ ) — 1t YeTr(YdT Td) oY, T (YJTe)

- GSQTTeTr(T;YdT) - GnTYeTr(T;Tg ) - 2Yij(T;1;T)

— VY, Ty (T;Tg“ ) — YV, T (mfIYde ) — VY, Ty (mger; )

VY, Ty (leYJYe) —6YIY, T (mgyj Yd)

= —ggf\M1|2 — 6g5|Ms|* — \/gglo'l,l + Gm%dTr(YdeT) + QW%dTr(YeYJ) + 6Tr(T3‘TdT)
42Ty (T*TT) + 6T (mledYT) 42T (mzerJ) + 2Ty (m%YJ Ye) 46T (mgyj Yd)

== (15g2 (391 (2M2 + M1> + 55g§M2)M2*

+ @M (621ng1 + 9092 M, + 45¢2 My — 40M; Tr (YdYT> v 120M1Tr(Y Y, ) 20Ty (Y; Td)

— 60Tr (YJ T))

12
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n 10(159302,2 +3¢%00.11 — 2V15g103.1 + (1609§|M3|2 —202mY, + 80g§m§{d)Tr(Yde)
+6gfm%,dTr(YeYJ ) 80g2 M Tr(Y Td> + 242 M1Tr<Td Y, ) — 80g2 M3Tr<Td Y, )

- 2g§ﬂ(T;T5) + 80g§ﬁ(T;Tg) - GglMlTr(Te*YeT) + Gngr<T*TT)

2Ty <m§YdYJ ) + 80g2Tr (mgydyj ) +6¢2Tr <m§YeYJ) +6¢2Tr (m%YJYe)

pw Tr( 2y ] Yd> + 80¢2Tr (ngdT Yd) — 90m2, Tr (Yde Y, ) — 90Ty (YdeT 7,1} )

- 15m§,dﬁ(ydyj Y, v] ) — 15m% Tr (YdYJ Y,V ) — 15Tr (YdyuT 1,7} )

— 90Ty (YdT;Tde ) - 15Tr(YdTJTqu ) - 30m§,dTr(YeYJ VAL ) — 30Tx (YeYJ 1,71 )

— 30Tr (YeTj T.Y] ) — 15Ty (Yuyj TdTJ) —15Tr (YuT; T,Y] ) — 90Tr (mgdedT YY) )

— 15Tr (mgydyj Y, V] ) — 30Tx (miyeyg vy} ) — 30Tx (mfyg Y.y} Y) — 90Tx (mgyj Y,v] Yd)

— 15Tt (ngj Y,v Yu> — 15Ty <m§YJ Y, Y] Yd) —15Tr (mﬁyuyj Y,v ))) (60)

6 3
Bt = —2 gt IMi[* — 643 Mo + \/;glau + 6my, T (VY] ) + 6Te (27T ) + 6Te (m2Y[v )

+ 6Tr(m§iYqu ) (61)

Bg%{u - %95 (39% (2M2 + Ml) + 5592M2>M2 + 693022 + 29102 11 +4\/§ 103,1 + gglmH Tr(Y YT>
+ 32g§m?{ Tr (Yqu) + 64g§|M3|2Tr(YuYJ)
+or 25 gt (= 40Te (YT, ) + 4593 Mo + 62193 M + SOMy T (Y, Y, ) + 909303 )
BT (vIT) — S Te(ToYT) — s T (oY) + Soime(Ti7T)

8 8
+ 32g§ﬂ(T;Tf ) + fg%Tr(m?]YuT Yu) + 32g§ﬂ(mgy,j Yu) + gngr(mZYqu )

5
+ 322 Ty (mgyuyj ) — 6m%, Tr (YdYJ Y, Y] ) — 6m%, Tr (YdYJ Y,Y] )
6Ty (YdijuTg ) 6Ty (YdTJTqu ) - 6n(yuyj TdTJ) - 36m%IuTr(YquYuYJ)
— 36Tr (YuYJ T,77 ) — 6Tt (YUT; T,Y] ) — 36Tr (YuTjTuYJ )
—6Tr <m§YdYJ Y,Y] ) —6Tr (mgyj Y,v! Yu) — 6Tr (mgyj v, Y] Yd)
- 36%(m2yfy vy, ) - 6Tr(m2Y YTYdYT) - 36ﬁ(m2y Yly, YT) (62)
5}72 = 7175 1My 2 — %g 1|Ms|? + 4m%;, YaY,) + AT T + 2m2Y,Y] + 4Yym?Y,

1
+ QYdede —+ Qﬁg110171
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64
5(2) -4

4
9 ( :a()ggM3 + g2 (2M3 + M1>) LM + Zgimdy, Ya¥] + 12g3m% YaY]

+ 2492\M2|2Ydyf - *91 MlydTT - 129§J\42YdTT
4
+ 5 dtMi (2(30397 01 + 4093 (2001 + My ) )1 = 45Tav] + 900 YaY] ) — 1263M5 Tav]

+ 5ngdTT +12¢2T4 T + -

+ 5glydm2yT +12g3Yym2Y,] + gledYde +692Y,YIm?
—8m YoV YoV — AV Y TuT) — am3, Yoy v, Y]

—dm¥, YaViY, Y] - av,viT, ) - avyTi Ty ) - avyTiT,Y)
—AT,Y IV T — 4Ty, T — 4T TV, Y — ATy, Y

—2m3Y,Y, Y Y] - om3Y Y VY] — avum2Y] YY) — avumlyY, Y]
— AV, mAY,Y] — A Y Vam?2Y] — 2, Y Vav m3 — 4, v m?2y, Y]

g1 dedYT + 693 dedY

32 8
— AYV Y,m2Y] - 2V YV, Y m3 + S gilons + —-giloa s +8

3 5 \/11—591 los;
— 24, Yav{ T (Yav]) = 120 me (Yav] ) - omavay me(vav))
—12Y,m2Y Tr (YdeT ) — 6Y,Y m2 Ty (YdeT ) — 8m%, YaYTr (Yeyj)
— AT TI Ty (YEYJ ) —om3Y,Y] T (YeY; ) — 4Y,m2Y] T&«(Yeyg )
— 2aY{md T (Yov) ) = 12vam e (Vi) - avari e (VAT
—120,Y) T (T;YdT) —12Y,Y Ty (T;TdT ) — AT,V Tr (T;Yj)
—AY,Y] Ty (Te*TeT ) —12V,Y T (mgydyj ) AV YTy (mgyeyj )

—4Y,Y Ty (m2YTYe) — 12V, Ty (m2YTYd)

. 32 32
B = — LR OTUME = UM + dmiy VY] 4 ATLT] + 2m3Y, Y] + 4Y,mgY]
1
+2Y, Y Im?2 — 4—T591 101,
2 128 , 2 « 4o oy ¥ 22 1
B =4 (15g3M3 . (2M3 + M1)>1M3 — -gtm}, V.Y +12g3m3, V.

+ 2492 | M, |2V, Y + gg%MlYuTg — 1203 Mo Y, T} — 1293 M5 T, Y,

4
+ 5 gtMi (45( —oMY,Y 4 TUYJ) + 8(321ng\41 + 4042 (QM1 + Mg))l) - ST

2
+ 12¢2T, T — ggfm%fuyT + 6g2m2Y, Y, — 791Y m2y,

+12g3Y,m2Y| — 791}/ Yim? +6g3Y, Y, m2 — am¥ V.Y V.Y
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—dm¥, Y YTV - av, Y] TuTl - sm3 VYV Y - 4y, YT, T

— 4y, TiTyY) — Ay, T, Y - AT Y]V T - AT, YV, T

— AT, TIYyY] — a1, TV, Y} — 2m?Y, Y] YY) — om?Y, viv,v]

— 4Y,m2Y]Y Y} - AY,m2Y Y, Y] - 4y, v m3y,y]

—4Y, Y Yym?2Y] - 2V, VY Vim? — 4V, v m2Y, Y] — 4V, Y V,m2V]

Y YV, Yim2 + 3—329§‘102,3 + %951@,11 - 16\/%91103’1 - 24m§,uyuyjﬂ(yuyj)
- 12TuTgTr(YuYJ) - 6m3YuYJﬁ(YuYJ) - 12Yum§YjTr(Yqu)

— 6Y, Y m Ty (YUYJ ) — 12V, T Ty (YJ Tu) 1T, YT (T;YUT)

C12V,YTr (T;TuT ) — 12V, Y] Tr (mgyj Yu) — 12V, Y Tr <m3YuYJ ) (66)
24
Bl =~ T UM + 2 <2m§1dYeYJ FOLLT + 2Ym2Y + m2Y. Y] + Yngmg)

3
—|—2\/;9110'171 (67)

2
»3,(32 =5 (GQ%MT (2349%]\/[11 + 5( —2M Y. Y] + TEYJ)) + 20911(39102,11 +V 1503,1)
- 5(3Og§M2*TeYeT F62T.TH — 3021, TF + 3¢2m2Y, v}
— 15g3m2Y. Y] + 6g7Yemi Y] — 30g3Y.miY[ + 3g7Y. Y m?
— 15g3Y. Y m? + 20m}, V.Y V.Y + 10V, V] T.T) + 10Y. T/ T.Y}
+10T.Y, Y. TS + 10T, T Y, Y, + 5m2Y, YV, Y, + 10Y.m?Y Y, Y]
F10Y, Y m2Y, Y] + 10V, Y Yom2Y, + 5Y. Y Y, Vim2 + 307,71 T (YdeT )

+ 15m§YeY;Tr(Yde ) + 30Yem§Yem(Yde ) +15Y, Y m2 Ty (Ydyj)

+ 107, T Tr (YeY; ) +5m2Y. Y Ty (YeY; ) +10Y,m2Y, Tr (YEYJ )

5,V m? T (YEYJ ) + V.1 (10Tr (YJTE> + 30g2Ms + 30Tt (Yj Td) - ﬁngl)

+ 30T Y T (T v ) + 10T T (T2

+ov,Y) (3g%m§,d — 15g2m%, — 30g3|Ma? + 30m%,dﬂ(Yde ) +10m3; Tr (YYT) + 15%(T;TdT )

+ 5T (T2 T ) + 15T (m3Ya] ) + 5T (m2Voyd ) + 5T (mivdy. ) + 15T (m2vva) ) )) (68)

15



3.9 Vacuum expectation values

o) % va — 20T (¥ov) +3(563 + ) (14 X1) - 60T (¥ (69)

1
B2 = @vd( — 414g7 — 180g7 g2 — 1200g5 — 991 Xi — 9093 g2Xi + 87595 Xi + 9g1Xi* 4 90g7 g2 Xi*

225¢4Xi2 — 40 (5 (3Qg§ + 9g§Xi) +g? <9Xi - 4))Tr(YdeT ) ~ 120 (5g§Xi +g? (4 + Xi))Tr (YYT)

+ 3600Tk (Ydyj YY) ) +1200Tt (YdYJ Y, Y] ) + 1200Tr(mf; Y.y} )) (70)
AL = %vu( —20Te (YY) + (593 + 07 (14 X)) (71)
B3 = ﬁvu( — 4149} — 1809292 — 120095 — 9¢+Xi — 9092 ¢2Xi + 875¢aXi 4 9¢+Xi% 4 9092 g2 Xi?
— 225632 — 40 (5 (3zg§ + 9g§Xi) +g? <9Xi + 8)>Tr (YuYJ ) n 1200Tr(YdYJ Y, Y] ) + 3600Tr (YUYJYUYJ))
(72)

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’>SCKM’

AW 1 W=
Mo | =2V | Wt (75)
AW 3 wo
(76)
The mixing matrices are parametrized by
7 _ < cos Oy —sin Oy ) (77)
sin Oy cos Oy
w_ v »
~ (55 "

16



1 1
- V2 V2
A —i% i% 0 (79)
0 0 1
(80)
4.2 Rotations in Mass sector for eigenstates >SCKM’
4.2.1 Mass Matrices for Scalars
e Mass matrix for Left Selectron, Basis: (¢7), (é%*)
m2, = ((maya- ) (81)

€,% 1 e,*
~0"0*_77}(12' eaa|2ULaol Lap1+§(_g§+g%)1(_v +Ud)+ZULa01 lgaa le/apl (82)

This matrix is diagonalized by Uy :

Ugm?2, Uyt = mdie. (83)
with

&= Ursér, (84)

J

e Mass matrix for Left Down-Squarks, Basis: (J%m) (a?%*ﬁl)

m%L = ( mJ%ci%* ) (85)
3
——L(3g+g 24036 Lo (23 U 2, U Y3 aaPUL S, UT
md%(i%* o 392 + 97 )1 — vy +v3)0a,8, + 9 a1 Z L,ap, "M §,aa"” L,ao, + vy Z | d, aal L,ao1 Y L,apy
a=1 =
(86)
This matrix is diagonalized by U¢:
U‘Lim?[L U‘LH = mngL (87)
with
d,*
Lza ZU ,]zdL Jo (88)

e Mass matrix for Left Up-Squarks, Basis: (&%’al) (uOL}l)
mg, ( Mo 0.+ ) (89)



3
1 1 d,
mﬂ%ﬁ%* = 7%(73g§+g%)1(7v3+03)6a1ﬁ1 + 55@151 (2ZUL;Z;71 é UL ,a01 +U2Z‘ uaa|2 LaolUL apl)

a=1
(90)
This matrix is diagonalized by U}
Upm2, Upt = mgia, (91)
with
uL K 1eY Z UL ]zuL Jjo (92)
. . . ~0,%
e Mass matrix for Right Selectron, Basis: (eR ) (e%)
3 O e, e ~ e
ng = ( %’03 Za:l |Y£aa|2UR aoq UR,apl + %g%1< - U?i + UZ) + Za 1 R aolm??, aUR,apl ) (93)
This matrix is diagonalized by é: 5 5 .
em2 et = mgng (94)
with
é(l)% i Z U}%,]léRJ (95)
J
e Mass matrix for Right Down-Squarks, Basis (d% al) , (dR 61)
mf{R == < mJ??j*(i% ) (96)
1 1 3 3
d,* ~ d,*
md‘g*d% = Eg%]-( - UdQ + Uz)éal,@l + 5601151 (2 Z UVR@OITHZ~ UI% apy T Vd Z ‘Yd aa| UR ao1 U}%,apl) (97)
a=1 a=1
This matrix is diagonalized by Uz%f
d 2 d,t dia
Urmg Ur" =My 4, (98)
with
d%,za = Z Ul%,ﬂdRJa (99)
J
. . . ~0,% -
e Mass matrix for Right Up-Squarks, Basis: (uR,al) , (u%ﬁl)
m2, = mggea ) (100)
1 2 1
ma%*a% = §6a151 ( Z_:l Uqul 201 721 aa UR ,ap1 + U2 Z | u, aa| U}% :;ol Ul%,am) + 69%1( - Ui + U§>5(¥1ﬂ1 (101)
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This matrix is diagonalized by Up:

with

Upm? Uyt =mgie, (102)

uR 1o Z UR ]zuR,JOt (103)

e Mass matrix for Sneutrinos, Basis: (ﬂ%) , (a%*)

2
mg

= (&gt +g3)1( =02+ 0B) + S0 U U, ) (104)

This matrix is diagonalized by ZV:

Z¥mZzV = mg's (105)
with
g, =y 2y (106)
J
e Mass matrix for Higgs, Basis: (¢4, du) , (dd, Pu)
, [ (ot +3) (308 —02) +m, + |uf —1 (g% + 8 )vavu — R(B,) o
mh =
~4(93+ g3)vave — %(B,) ~(g8+98) (— 302 +03) +miy, + |uf?
This matrix is diagonalized by Z: _
Z8mi z™ = mg (108)
with
ba=>_ Zhh;, bu =Y Zfh; (109)
J J
e Mass matrix for Pseudo-Scalar Higgs, Basis: (04,04), (04,04)
. %(g% +g§)(—v$+v§) +my, + |u? %(BH) eym?(2)
A0 = Z
R(B,) ~3 (g2 +98) (=02 +03) + miy, + Il
(110)
Gauge fixing contributions:
1,2 2 1 2
v <g1 sin O + go cos @W) —2VqVy (91 sin Oy + g2 cos @W>
miez) = , ’ (111)
—%vdvu (91 sin Oy + g2 cos @W) % (91 sin Oy + g2 cos @W)
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This matrix is diagonalized by Z4: 4
ZAm2%, 241 = mgfff‘o

with

ca=D) Zpd},  ou=) ZpA)
j j

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

12 *
Mpy— r7—, = 20504V, + B
el S B Ul
1920aVu + By My g
Lrsy 2, .2 2(. 2, .2 2 2
My = §(91<—% —|—Ud) + 95 (vd +%)) +my, + |l
1
Myt g+ = é(!ﬁ(*v(g +'U3) +95 (vﬁ +U3)) erilu + [l

Gauge fixing contributions:

1,22 1.2
2 _ 192V —295VdVy
m=(w-) = 1.2 1,22
—192VdVy 1920y

This matrix is diagonalized by Z7: '
Ztm3,_ Ztt = mgf%,

with

- _ T +_ + 7t
H; _ZZlej : H} _ZZjQHj
J J

4.2.2 Mass Matrices for Fermions

e Mass matrix for Down-Quarks, Basis: (dr.qa,), (d}i’n,&)

= 1 3 d d 00
mqg = ( ﬁvd(soqﬁﬁ Za:1 UR,apl UL,(L()l Yd,aa )
This matrix is diagonalized by U and U%
Ug,*mdU%T _ mgia
with

d,*
dL,ia = § ULJ‘/L‘DL,ja

to

_ d *
dRia = E Urij DR ja

2
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(114)

(115)

(116)

(117)

(118)

(119)

(120)

(121)
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e Mass matrix for Up-Quarks, Basis: (ur q,), (ukﬂl)

ma =

1 3 U u -0
Evuéalﬁl Za:l UR,apl UL,aol Yu,aa )

This matrix is diagonalized by U} and Up

with

w,* w,t _  dia
Uy, "m U =my

U,k
UL i = E UL,jiULJa

to

U *
UR,ioe = E UR,ijUR,ja

t2

e Mass matrix for Leptons, Basis: (Fel0), (conj (FeRO))

with

_ 1 3 e e -0
Me = ( 73V 2 a=1 Uk ap, UL a0, Yeraa )

This matrix is diagonalized by Uy and é

e, t _ . dia
U "mee! = mg

FeL0({gt1}) = Y U ier
t

2
FeRO({gtl}) = Uf i€
ta

e Mass matrix for Neutralinos, Basis: (AB,WO,ﬁg,ﬁg) , (AB,WO,ﬁg,ﬁg)

This matrix is diagonalized by NV:

with

Ap = ZNJ*I/\?’
J

M, 0 — 59104
0 M;  §g2va
—301Va  $92Vd 0
%glvu —%92% —H

N*mgpoNT = mé

W = ZN;’E)‘?’
J

21

3910y
— 39204
—p
0

‘Hﬁ(l) = Z ;3)‘2

J
Hy = Z NjiAj
J

(124)

(125)

(126)

(127)

(128)

(129)

(130)

(131)

(132)

(133)

(134)

(135)



e Mass matrix for Charginos, Basis: (W*, f{;) , (W*, f{j)

This matrix is diagonalized by U and V

* T di
U mi—V —m){,“

with
Wo= URN . Hi =) U
tz t2
WE=DVENS =Y VN
to ta
4.3 Rotations in Mass sector for eigenstates ’EWSB’

4.3.1 Mass Matrices for Scalars

e Mass matrix for Down-Squarks, Basis: (&L,aladR,OQ) , (gz,ﬁl’J*R,Bz)

2

QN

1
ma,a; = —57 (38 +9F)1(— 02 + 03 asy

3 3
1 d, dx ~2 d d 2|70 2
+ §6a1/31 (2 Z UL,plc Z Z UL,acmd,aaUL,abUL,olb + 1Ud|Yd,0101 | )

c=1 b=1a=1

1 2 2 2 1 ~ 2
mtiRJj% = Egll( —vg+ Uu>5a2ﬁ2 + 51604252 <2mj70

2 O

This matrix is diagonalized by ZP:
D, 2,Df _ _ dia
ZEmsZ 7 = my'G

with

(’ivL,ia = Z Zﬁ’*dja 5 JR,ia = Z Zﬁ’*dja

J J

e Mass matrix for Up-Squarks, Basis: (41 0,5 UR,as) s (azﬁl,a;‘wz)

L .
2 My at 7 ( - Deltavqu£§101
@ 1 *Y 7
ﬁéazﬁl ( — Deltavgu*Y,? ., + vuTB) Mgt

22

mg, g % ( - Deltavuu}}d(f’oiol + UdTC?’T)%lﬂz
%5042% ( N Deltavuu*}}d()}ozoz + UdTC?) Mdndy

) + v(%‘YdO,OQOQ ‘2)

+ UUTS’T) 601152

(136)

(137)

(138)

(139)

(140)

(141)

(142)

(143)

(144)

(145)



1
Mara; = 24( 392 +gl)1<7v3+ﬁ03)5a151

3 3
1
+§5a151( ZULpchZU éaa LabUL 01b+1vu| u0101|2>

c=1 b=1a=1
1
Magay = 1(5042,6’2 (2 M 0500 + Uu' u,0202 |2) + 69%1< - ’Ui + U3)6a252

This matrix is diagonalized by ZYV:
Z Um,,%Z Ut = mgls
with

~ U,x ~ ~ U,* ~
UL o = E 25 Uja URia = E 25 Uja
J J

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

5 me, & \}Delta(vdejlol — vuuYeOO*lol)
mz = \}Delta(vdTe 0005 — Vulh Ye 0202) Mépet,
1 52 2 1 2. 2 2,2
Mepe; = 51(2ml~70101 +v3|Y 0 oron ) + g( — 95 +91>1( — Uy, + Ud)
Mgy, = 51202 g + 031 nenl?) + 3071~ 03 +02)

This matrix is diagonalized by ZF: 4
ZEmzZE’T = mglg

with

_ E % ~ ~ _ B~
= E Z;" €5, €R; = E 2 €
J

4.3.2 Mass Matrices for Fermions

e No Fermion Mixings

5 Vacuum Expectation Values

5.1 VEVs for eigenstates >SCKM’

1 1 1
H) =— Vg +i—=
d \/505 Nk \/§
1 1 1
HS:— w+ —=v, +1—
VA Ao A
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(148)

(149)

(150)

(151)

(152)

(153)

(154)

(155)
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6 Tadpole Equations

6.1 Tadpole Equations for eigenstates >SCKM’

v
0pq
ov
Oy,

7 Particle content for eigenstates ’EWSB’

1 . 1
= 3% (B# + B#) + 7<gf +g§)vd< — Uy + vd) (vd + Uu) + vd(qud + |N|2>

1
8

8

)t ) () oo

%+ l?)

Name Type complex/real Generations Indices
1% Scalar complex 3 generation, 3
h Scalar real 2 generation, 2
A0 Scalar real 2 generation, 2
H- Scalar complex 2 generation, 2
d Scalar complex 6 generation, 6, color, 3
U Scalar complex 6 generation, 6, color, 3
2 Scalar complex 6 generation, 6
g Fermion Majorana 1 color, 8
v Fermion Dirac 3 generation, 3
d Fermion Dirac 3 generation, 3, color, 3
U Fermion Dirac 3 generation, 3, color, 3
e Fermion Dirac 3 generation, 3
X Fermion  Majorana 4 generation, 4
X~ Fermion Dirac 2 generation, 2
g Vector real 1 color, 8, lorentz, 4
vy Vector real 1 lorentz, 4
Z Vector real 1 lorentz, 4
W= Vector complex 1 lorentz, 4
n¢ Ghost real 1 color, 8
nY Ghost real 1
n? Ghost real 1
- Ghost complex 1
+ Ghost complex 1

24
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8 Interactions for eigenstates ’EWSB’

8.1 Three Scalar-Interaction

I
/
/
/
//
0 /
A —mmmm e !
\
\
\
\
\
x
- %(gf + gg) (Z;‘}ZJA1 - Z;‘;Zf‘z) (vdZ,ﬁ — vuZ;g) (159)
Hy
/
R /;
1 \\
\
\
Hy
1
198 (vaz +v2tt) (- 2128 + 2,25 (160)
d.,
//
/
0
A) —m e e /\\
\
\
djp
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3 3
1 Sk = D% 0,%
5557(223 ZZIC%+CT3,CdZﬁ - ZZZJ3+CTCI chI?dZﬁ
d=1 c=1

d=1c=1
3
* D, x<
+ ( H Z Ydocc j3+cZk:c tu Z ch, Ydo,cczlg-&-c) ZS) (161)
c=1
ex
/
/
0
/| /\\
\
\
€
1 3 3
Ex 0% 7E 7A Ex 7B A
- ﬁ ( Z Z]3+CT€ CPZkCZil - Z Z_jc Zk3+c e chzl
c=1 c=1
3
s r7 B % E *
+ (lu’ Z YPOPCZ]3+(,Z](,(' :LL Z Z Y;OC('ZICEZS+C) Zzé) (162)
c=1
“Z»y
//
AD oo /
i \
\
\
ujp
1 3 3
* U,*
\/iéﬁ’}/ (:u’ Z u,cc ]3+cchZ£ Z Z Y'L?CCZIE:]ZSJcmﬁ
c=1 c=1
3 3
7* U * 0 *
+ ( Z ng Z k3+cTu,cd + Z Z Zj3+cTu chI(c]d> Zié) (163)
d=1 c=1 d=1c=1
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i
1 (g% + g%) (Zg (Zﬁ (vdZ,g + vuZ,ﬁ) + ng( — 3vuZ,g + vdZﬁ))

+ 28 (2 - 30azll +vuzfh) + 2 (vazlh + w211 ) ) (164)
Hy!
//
//
By =mmmm- \\
\
\
H;
i
(=28 (2 (97 + 98)vaziy + g3vuzy) + 25 ((— 9 + 93 ) vaZity + gBvu 23 ) )
(165)

+ 28(2 (- 8 + 02 vy — gvaziy) - 25 (93 + 03 ) vuZi + gBvaziy) ) )

{ *
Eéﬁv((?)gg + gf) Z Zﬁ)’ zb (vdZﬁ - vng)
b=1
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3
2 D% D H H
91 Z 254 Zk3+b (vdZil - vuZiQ)

(2
(

3
ZAozD,*DH ZAOQDH‘D H
-3 2’Ud |Yd,cc| ch chZil —|—2’Ud |Yd,cc‘ Zj3+cZk3+cZi1
c=1

c=1

3 3 3 3
D ,x ~ D% 790,%
+ \/i(zzjd ZZI%+CT§,chg + ZZZjSJrch,chdeZg

d=1 =1 d=1c=1
3 3
>-0,% 7D % * D, x5
- (/‘ Z Yd,chj3+cZ£: tu Z Zj. YdO,CCZkDngC) Zg)))) (166)
c=1 c=1
€k
/
7
[T /
\\
\
€j

.

3
( — ( — g5+ g?) > Z5 7, (vdef — vqugI)
b=1

3 3
+ 2( — 20 Y VO, P2 ZEZ RS 2 10 2B 7l
c=1 c=1

3 3
0 12 7B E H E*x E 70 H
- 2vd E : |Ye,cc| Zj3+cZk3+cZi1 - \/5 E ch Zk3+cTe,chi1
c=1 c=1
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8.3

One Scalar-Two Vector Boson-Interaction
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8.8 Two Scalar-Two Vector Boson-Interaction
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Two Ghosts-One Scalar-Interaction
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