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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 3 1.2.3)
[ ! ! 3 1,2,1)
Hy; | Hy H, 1 12,1)
H,| H, H, 1 (3,2,1)
d | dy | dy 3 (3.1,3)
i uj, uf, 3 (-2,1,3)
é &, et 3 1,1,1)
v v 3 0,1,1)
$ S S 1 0,1,1)
X i T 3 0,1,1)

2 Superpotential and Lagrangian

2.1 Superpotential

)
)

W =

| =
m>

[

>

+

Y,

u

2.2 Softbreaking terms

1 B 1. - .
—LSB7W = 4+ §S3Tm — HgHgST,\ + Hd HJST,\ + ixiijMX7i.j + Hng7ia6a5dL,jBTd,ij
— Hydp jo0aptsjpTai; + Hi€h €1 Teij — Hy ép oL Teij — Hl Wk j000pdL 5T
+ Hyig jodaptis,jpTuij — Hi Vg i€r T, i5 + HyVk 00Ty, i + SUk ;86 Tay i + huc.

~Lspg = +mby, |HJ® +miy, |Hy [+ mby [H)? +miy, [HS P+ mEIS1° + df,ia0asmy ;;dL s

[ix ~YydgHy —Yeel

PN 1 ~
d +ASH, Hy +§/€§§§ +ANSPVX +Y,

(2)



Tx 2 7 ~x 2~ ~x 2~ ~ % 2~
+ dRia0apMyijdR,j8 + €1,:Mi ;€L + €RiMe i;€R,j T UL ia0apMyg i;UL,j3
~ 2 = ~ 2 - ~ 2 -~ k2~
+ UR ia0apMy ijUR,j8 + VL iMLiVL, 5 + VR My VR + T;my 45T,
1
_LSB,/\ = 5 (A%Mléij + MQ(SZ']')‘VT/,i)‘W,j + Mg(sij)\g@)\g’@ + h.C.)
2.3 Gauge fixing terms
2.3.1 Gauge fixing terms for eigenstates ’GaugeES’

1 _ 1 _ 1 _
Lgr = — §|6u3|2531 - §|aﬂg|2€g b §|6MW|2§W1
2.3.2 Gauge fixing terms for eigenstates *EWSB’

1 1 _ i _ . g
Lar = = 510u9%¢; " = 510,176 = | = 500 (Hd vy — v H )é‘wf + 8, W61

11

-3l3 <23 7+ (o'dvd — auvu>§z (91 sin Oy + g9 cos ®W>) ‘2521

2.4 Fields integrated out

None

3 Renormalization Group Equations

3.1 Anomalous Dimensions

O -5 (4592 + 802 + gl) 1+ Y)Y+ Y]y,

q

) 15, 1 199 , 8 .. 4
Wé )= (89293 + ZQQ 9091 (16932, + 995) + 90091 ~ 993 )1 + 591YTY IAPY Y,
2
— ViV YlY, - 2v Y, VY, + Yij( - 3Tr(YdeT) + 297 - A - Tr(YeYJ))

— VT (VY] - Vi (v

. 3
7Y = 10 (592 +91)1+YTY +Y]Y,

3
1 =415 (12503 + 309393 + 6991 )1 — NPYY, — 2V VY], — 2V, Y)Y,

—YIANALY, + YJYE< - 3Tr(YdeT) + ggf —AR - Tr(mf;))
— 3y} Y,,Tr(YuYT ) —vi Yl,Tr<Yqu)

2) _3T\r(ydyT) r 3 o

10 S9 AP+ Tr(yeyj)

(10)

(11)



(2) 207 4 9 15 4 24 % 24 %,2 2 5 2
) = +Taa0t + 1o 9895 + 93 — 2ARPAT — 3N2X2 gngr(Yde) + 1693Tr(Yde)

+ gngr(Y Y*) — A2 (STr(YuYJ) FTr (Y,,Y,,T) + Tr()\N)\R,)) - 9Tr(YdeYde)
— 3Ty (YdYJ Y,V ) - 3Tr(YeYJ VAL ) ~Tr (YEYJYVYJ)

1 3 3
7 = 3Tr(YuYJ) S S I+ Tr(Y YT)

@ 207, 9 15

Yo, = +100 T+ 59192 + 1

— A2 (3Tr (YdeT ) + Tr(YeYJ ) FTr (AN/\jV)) 3Ty (Yde Y,Y] ) - Tr(YeYj YVYJ)

4
gh — 2A|KPAF — 3AZAS2 4 5ngr(Y YT) + mggTr(YuYJ)

- 9Tr( Y, Y}, YT) - 3Tr< Y, Y}y, YT) - Tr(Y,,YJ/\N)\}rV)
2D =
= 27;v] - (2093 +g1)1

7 = +ﬁ (— 10093 + 1019¢ + 80923 )1 — 2(Yg VI ViV + i vIViY])

2
YV (=2 2T (Vo) + 63 — 0Tr (Yav] ) + gg%>

8
v =2vry T - G (593, + gf)l

) 8
WD = +55= (107} - 2504 + 804303 )1
2 * * * *
- g(5<YquTYd v vy vy
+ Vv (=156 +15Te (Y, Y]) + 502 +5Te (V,Y)) + 62 )
’Yél) = 2Ye*Y;,T - ggfl
RO T
2
BT
2
- (IS eIyl
n Yf‘YeT( 1562 + 15Tr<ydyj> +3g2 +5|A2 + 5Tr(YeYj>>)
A =2y VT 4 AR
D = ok PAR AL — 2 APAGAL — 2V YT YV — 2V YT Y YT — A AR A AR
v Yl,*YVT( 92— 2Tr(Y1,YVT> +6g2 — 6Tr(YuYJ) n gg‘f‘) - m%Tr(ANAjV)
(1) — 91k[2 + 2|\ + Tr(ANAjV)
722) — _8K2KM2 _ 4)2)2

2
+ g|A|2(15g§ - 15H(Ydyj) - 15Tr(Yqu) +3g2 — 5Tr(YeYeT) - 5Tr(Y,,YJ))



— 4l (200 + e (Al ) ) = 2(Te(vianal ) + T (Al awak ) ) (24)

<}> =y (25)
<2 —2lkPAl Ay — 2A2A T Ar — 220 Y YAy — AL AN AT AN
- A}ANTr(ANAN) (26)

3.2 Gauge Couplings
a0 = Pt (27)
B i ( - 130Tr(YuYJ ) + 13502 + 199g% — 30|A% — 30Tr(YVYJ ) +440g2 — 70Tr(Yde ) — 90Ty (YeYJ ))
- -
B2 fg§< — 10 = 10Tr (YY) = 10Te (Y, 1) + 1203 + 12563 — 30Tr (Yav] ) = 30Te (Y, v;f) +99)  (30)
B = —39§ (31)
B2 = 793 3(11g7 — 20 (vay]) = 20T (Y, v, ) + 4563 + 7063 ) (32)
3.3 Gaugino Mass Parameters
o = T (3)
B2 — 2 5597 (398ng1 + 135g2 M + 44092 My + 44092 M + 1352 My — 30\ (Ml)\ TA) - 70M1Tr(YdYT)
— 90M; Tr (YYT) —130M, Tr (Yuyj) — 30M,Tr (Y,,YJ) 4 70Ty (Yj Td) 90Ty (YJTE)
+ 130Tr(YJTu) + 30Ty (YJ Tyy)) (34)
ﬁ?&i = 2g%M (35)
32 792 (991 My + 1202 My + 9g2 My + 25092 My + 12092 My — 101" (MQA T,\) - 30M2Tr<YdY )
- IOMQTT(YEYJ ) - SOMQTT(YUYJ ) - IOMQTY(YZ,YJ ) +30Tr (YdT Td) + 10Tr(YJ Te>
+ 30Ty (YJTu> 10Ty (YJ Tyy)) (36)
Bl = —Gg M; (37)

32 793 (11g§M1 + 11g2M; + 45g2M; + 14092 M + 452 My — QOMgﬂ(YdY; ) — 20M3Tr(YuYJ)



20Ty (Yj Td) + 20Ty (YJ Tu)) (38)

3.4 Trilinear Superpotential Parameters

16 7

84) = 3¥av]Ya+ Ya( =363 + 3T (vav]) = S - 1t + PP+ T (Vo) ) ) +Yaviiv, (39)
4

BY) = 1 @vaYlY, — NPYavlY, - avayvav]y, - 2veviv,yly,

5
4
oYYV, YIY, + YdY;Yd( 32— 3Tr(YeYeT> 4602 — 9Tr(YdeT) n gg%)

3V, Y, Tr (Yqu ) — Y,y YuTr(YuYJ )

287 , 15 , . 8 . .
+Ya(SGo ot + 9398 + 5 08 + S0tk + 8g3gd — i — 2AIkPN - 3TN

90 2 9 9
- %ngr(YdY ) + 16g§Tr(YdeT) + gngr(Y YT)
e <3Tr(YuY,j ) + Tr(YVYJ) + Tr(ANAjV)) - 9Tr(YdeT Yde) - 3Tr(YdYJYquT)
R ) w

B =3y, YiY, + Ye< —3¢2 4 3Tr (Ydyj) - %g’f’ FIAZ 4 T (YYT)) FY.YTY, (41)
B2 = PRy, —avyvyly. —2vyivvly, —2vyivvly,

Y. IANALY, + YeYJYe( 32— 3Tr(mfj) +6g2 — 9Tr<YdeT))

_3Y.Y]Y, T (YuYJ ) VYV, T (Y,,YJ)

1
+ e (13591 186202 + T5g% — 20A|k[2A* — 30A2M"2 — 4¢2Ty (YdYT) + 16095Tr(YdYT)

+ 1203 T (voy ) = 102 (3Te (Vv ) + Tr (Vv ) + Tr(awal ) ) — 90T (vavfvav))

- 30Tr(YdYT Y, Y*) - 30Tr(Y Yiv,y! ) —10Tr (YGYJ Y, v )) (42)
ALY = —fgl)\ 392 + 2\|K[? + AN\ + 3ATr(YdY*) + ATr(YeYJ) + 3)\Tr(YuYJ)
ST (YVYJ> n ATr(ANAjV) (43)

1
B2 = —%)\( — 207g% — 90¢2g2 — 375¢3 + 400k%K*2 + 500A2\"2 + 2ngTr(Yde ) - SOOggﬁ(Ydyj )
— 60g>Tx (YEYJ ) — 40g%Tx (Yuyj ) - 800g§’[&r(YuYJ )
- 10|)\\2( - 10Tr(ANA}V) - 15Tr<YeYJ) - 15Tr(Y,,YJ) + 3092 — 45Tr(YdeT) - 45Tr<YuYJ> + Gg%)

+ 20006l (383 + Tr(AwAl ) ) + 450 Yoy [vav] ) + 300 (Y vay]) + 150T (Yoy vy



+100Tr (YeYJ Y, v ) + 450Tx (YuYJ Y,V ) + 150Tr(YUYj Y,V ) + 150Tr(Yl,Yj ANAL)
+100Tr (A AR AN ) )

B = 31 (20l + 202 + Tr (vl ))

3@ = fgn(mn%*’? 10NN
+ |)\|2< — 1562 + 15Tx (Ydyj) + 15Tr(YuYJ) —3¢2 + 5Tr(YeYJ) + 5Tr(Yl,Yj))
#1002 (2007 + Tr(AwAL ) ) +5(Te (v yiawal ) + T (Al v ) ) )

B = 22 n k]2 + 220 A2 + 22 Al Aw + 2Y, V) Ay + )\NTr<)\N)\T )

B2 — = (20R2>\Nﬁ:*’2 F10A2ANA2 — 3¢2Y, VAN — 1562Y, Y Ay
+5Y, YV Y AN + 5V, YV Y AN + SANAL Y Y AN 4+ AN AR ANAL AN
+15Y, Y ANTr (Yuyj ) +5Y, Y ANTE (Y,,YJ )
FIAR (5 (2ANA}VAN + YVYJAN)
+ )\N< 152 + 15Tr(Yde> + 15Tr(Yqu> — 3¢2 + 5Tr (YYT) + 5Tr(YUYJ>))
+ BANARANTE (AW AL ) + 1002 (200 A + AT (AwAL ) + AwALAw)

+ 5)\NTr<Y,,YJ ANAEV) + 5ANTr(ANA§vANAT ))

1 1
W =3Y, VY, + Yu( —3¢2+ 3Tr(YuYJ) - ngl - §g§ FIN2 Tr(YyYJ>) +Y,Y]Y,
2 = 42 le ViV, + 662V, V1Y, — 3]APY, YV, — 2v, Y]V, ]Y,

- 2YquT Y,vly, —av, vy, vly,

2
n YquYd( — 3T&r(YdeT) FIgZ P - T&r(YeYj)) - 9YquYuTr(YuYJ)

5
—3Y,Y]Y, Tr(YVYJ)

2743 4 + 15 4 n 136 16
150 91 9192 B - 92 45 9

+ ;Lngr(Y YT) + 169§Tr(y YT) - |A|2(3Tr(ydyj) + Tr(YeYj) + Tr(ANAjV))

+Y ( ——9195 + 89595 — —g3 — 2A[k[PA" — 3AZAM?
_ 3Tr(YdYJ Y, Y] ) - TY(YEYJ Yl,YeT) _ gﬂ(YuYJYuYJ) _ ST‘r(YVYIjYVYVT)
- T(vyiawak))

3
BN = 3v, vy, + YV( —3¢2 + 3Tr(YuYJ) — g+ AP+ Tr(YVYJ>) LY, YIY, 4 ALY,

(48)

(49)



3.5

3.6

1
B,

B

2) = +691Y V1Y, + 662Y, Y)Y, — 3]\ 2Y, Y]V, — 2/k[2AnAL Y,
—2NPANALY, — 2V, VY YY, — 2y, YV Y Y, — 4y, VYL Y)Y,
— Y, YIAnALY, — AL ANAL Y,
+ Y,,Yte( — 3Tr(Yde) + ggf P Tr(YeYJ)) 9y, VY, Tr (Yquj)
=3 YT (YY) - Al e (k)
+Y, ( 207 1 99192 + §g§

5 175 2
=2 (e (var) ) + T (verd) + T (awal ) ) - s (vavivayf) - T (vvivyd)

4
g+ — 2X[K[2A* — A2\ 4 5ngr(Y YT) + 1692ﬂ(y YT)

- 9Tr(YuYJYqu) - 3Tr(YVYJYVYJ) - ﬁ(YVYjANAjV))

Bilinear Superpotential Parameters

B = nx A An + AR AR ix

B = —2|wf? (s M An + XEXioax ) = 202 (ix Al Aw + XiXjenx )
—2ux ALY YAy — ux NUANA AN — 220V V NG i — AR AT A S ix
— mx M ANTE (A ) - ANAjVuXTr(ANAN)

Trilinear Soft-Breaking Parameters

7 16
= HAY YTy + 2V, YT, + 5TaY Yy + TaY Y, — 1—59%Td — 3927, — gg;de

NPTy + 3Ty Tr (YdeT ) +TyTr (Yeyg)

14 32
1Y, (QA*T,\ + 2Tr(YJT€) + 692 M, + 6Tr<YTTd) + M+ g§M3)

6 8
+5g1YdY Ty + 6g3YaY, Ty — 42,V T, — =i 2MLY,Y Y,

8 6
+ 5g1YdYTT —2\PYYiT, + 5ngdYTYd +1202T,Y )Yy

4

—5I\PTLY )Y, + 5ngdYTY NPTY,]Y, — 6YaY vy T,

— 8V, YT YV, - 2vuviv, YT, — avuviv,yiT, — avyyiT, Y)Y,
— AV, YT Y, — 6T Y Y,V Yy — ATy Y1V, Y] Y, — 2Ty Y, Y Y,

8 16 .
—g195Ta + 89595 T4 — 9 —g5Ta — 2\|kP A" T,

15
ngd + 9

287 4
+—giTi+ gi95Ta + 5

90

10

(53)

(55)



(1)

(2)

= BT, = IXNYGY YTy - 12¥ay [T (Yav] )
— 15T, YdTr(Yde ) - %ngdTr<YdYJ ) + 16g§TdTr(Yde)
—AYYIT T (Yeyj) — BT, Yy Tr (YeYj) + g PTyTr (Y YT)
— Y YT, T (YuYJ ) — 3T,y YuTr<YuYJ ) — 3APTy T (Yqu )
L YYIT,Tr (YVYJ ) T Y, T (YVYJ ) AP T (YVYJ )
- |A|2TdTr(ANAjV)
- %Yde Yd<15>\*TA n 15Tr<YJ Te) + 302 Ms + 45Tr (Y;Td) n 4ng1)
— Y YV, T (Yj Tu> Y, YTV, Tr (Yj Tyu> - 9TdTr(Yde YaY) )
— 3T, Tr (YdYJ Y, Y] ) — 3T, Tr (mijeyg ) —T,Tr (YeYJY,,YJ)
— %Yd (287911M1 +45g7 g5 My + 4097 g5 My + 40g7 g3 M3 + 3609593 M3 — 160g5 M
4562 g2 My + 675g4 My + 3609292 Mo + 2T0AN2T + 90k* \* (HT)\ + )\TH)
— 18¢2M, Tt (Yde ) + 72092 M Tr (Ydyj ) + 54g§M1Tr(YeYJ ) + 18g§Tr(YdT Td)
- 7zog§Tr(YdT Td) — 54¢2Tr (Yj Te)
+452 (A3 (Vi) + T (Vi1 ) + (AT ) ) + T (3T (Vv ) + e (v ) + e (analy ) ))
+810Tr (Ydyj T,Y) ) + 135Tr(YdYJTqu ) + 270Tr(YeYjTeKj) 45Ty (YSYJTYV YJ)
+ 135Tr( YTTdYT) + 45Tr< Y, YiT, YT))
=AY YT, +2Y.Y,/ Ty, +5T.Y, Y, + T.Y,'Y, — gg%T 3g5T. + |\*T.
+ STETr(YdeT) +T.Tr (YYT) 1Y, (QA*T,\ 4Ty (YJTE) +6g2 Mo + 6Tr(YTTd) + 8 Ml)

5

6
—|—5le YIT, + 693V YT, — ANPYY T, — 2 A2Y.Y, Ty,

- gng YIY, + 12g2T.Y.) Y, — 5| \*T. Y] Y, — [\?T.Y] Y,
— 6Y YV YT, — 8Y.YIT.YY, — 2V.YY,YIT, — 4Y, Y, Y, YTy,
— 2V YIANA Ty, — AV YTy, VY, — 4y, YTy, Y] Y,

— V.Y T\ ALY, — 6TV Y Y Y, — 4T Y Y, VY, — 2.V, V)Y,
27 9 15
~ LY ANAY, + 5 5 91T+ 29103 Te + 5

CONYLY]Y, Ty — 12V, YT Ty (Yde ) 5TV Y, Tr (YdeT )

—g5Te — 2X\|K|*N*T, — 3N2A*2T,

11



PT.Tr (YdeT ) +16¢2T, Tt (YdeT ) AT T (ngj)
- 5T6Y6TYeTr(Y;Yj> + gng Tr(Y YT) —6Y,Y Ty, Tr(Y YT)
- 3TeYle,Tr(YuYJ) — 3APTL Ty (YUYJ) — V.Y Ty, T (Y,,Yj)
fTeYquTr<YVYJ) - |)\|2TeTr<Yqu) - \A|2T8Tr(AN/\jV)
_6Y.Y]Y, (QggM2 43Ty (Yj Td) £ ATy + Tr (Y; T)) —6Y.Y]Y, Tt (YJ Tu>
— vy} Y,,Tr(YJ Tyy) - 9TeTr(YdeT Y,y ) - 3TeTr(YdYJ Y,V )
—3n (YY) - T (v

EY (135g My + 9¢2g2 My + 9¢2g2 My + T5g3 My + 30AN2Ty + 105 \* (KT)\ LT, )
_ ngMlTr<YdeT ) + 80g2 My Tr (Yde ) n 691M1Tr(Y Y] ) 4 22Ty (YTTd)
— 8093 (Y| Ta) — 63T (Y, T2
5 ()\ (3Tr (Yj Tu) FTr (YjTyy) + Tr(/\jVTAN)) Ty (3Tr(YuYJ ) 4T (Y,,YJ ) + Tr(ANAjv)))
+ 90Ty (YdY;Tde ) +15Tr (YdYJTuY; ) 4 30Tr (YeY;TeYJ) 4 5Tr (YEYJTYU Yj)
+ 15Tt (Yuyj T,v} ) + 5T (Y,,Yg T.Y] )) (58)
W = 2kt (2ATK + HT)\)

+ T (1202 = 363 + 3Tx (Yav] ) + 3T (VoY) ) — 34 Te(Y)) + Tr(vy)) + (Al ) )

5
2
+ (15630 + 15T (Y] Ta) + 15Tx (VT ) + 39700 + 5T (N Doy ) + 5T (VITL) +5Te(VITy, ) ) (59)
414 18 18 207 )
/3(2) = *gg?My\ 5 —gigs M\ — 5 — 95 Mo — 309§M2A + = 50 4T>\ + gg%gng

+ 15 S 93T — SONIA"2T), — Sk (4>\TH + HTA> + M (YdY’f)
— 32¢2 M\ Tt (YdYT) — %ngATr (YdYT) + 1642 TATr<YdYT) - —glMl)\Tr<Y Y, )
+ gng,\Tr<YY ) ~ §ng1ATr(Y YT) - 329§M3ATr(Y YT) + ;lng,\Tr(Y YT)
+16¢2T\Tr (YuYJ ) - fgl)\Tr(YTTd> + 32g§ATr(YTTd) EglAT (YjTe)
+ ggf)\Tr(YjTu) + 32g3ATr(YJTu>
— 4w (26X Tr (AT ) + 20T T (Al ) + T Tr (Al ))

- %m? (GOH* (2>\TH + 3/<;TA)

12



+ 37y (10Tr(ANA§v) + 15Tr(YeY; ) + 15Ty (Y,,YJ) — 3092 + 45Tt (Ydyj ) + 45Tr(YuYJ ) - Gg’f’)
+20 (10T (A T ) + 15T (VT ) 4+ 15T (VI Ty, ) + 3093 M + 45T (V[T ) + 45T (Y T2, ) + 63041 ) )
— 9T\ Tr (YdeT Y,Y]) — 36ATr (YdeT T,v] ) — 6Ty Tr (YdYJ Y,V ) —12)Tr (Ydyj T, )

— 3T\ Tr (YQYJ Y.Y} ) — 12)\Tr (YeYJ T.Y] ) — 9T\ Tr (YEYJY,,YJ> —ANTY (YeYjTYV Yg)

€

u

— 12)Tv (Yuyj T,y ) — 9T\ Tr (YUYJ Y,V ) — 36ATY (Yuyj T,v} ) — AT (YVYJ 1Y} )
— 3T\ Tr (Y,,Yj Y, Y} ) — 3T, Tr (YVYJ A N)\;fv) —12)Tr (Y,,Yj Ty, Y] )
=N (VYT Al ) = 20T (A AR AL ) = 63T (AL Ty, Y ) = AT (A AL T AL ) (60)

0 = 3(20Te (AL ) + 20" (26T + AT ) + 61T, + T Tr (Awal ) ) (61)

B = _g (10,\)\*»2 (4f<;T,\ + ATK)

B

Y (/\TK< — 1562 + 15Tt (Ydyj) + 15Tr(YuYJ) — 3¢ + 5Tr<YeYJ) + 5T (Y,,YJ) + 60|m\2>

n 2n(T,\( — 1562 + 15Tr(YdeT) + 15Ty (YUYJ) +20[k[% — 3¢ + 5Tr(YeYj) 45T (Y,,YJ))

n A(15g§M2 + 15Tr<Yde) 15Tt (YJ Tu) +3g2M; + 5Tr<Y; Te) + 5Tr(Yj Ty))))

+ 5206 2T + 20 (26T (A Ty ) + 37T (WAL ) ) + T (Te (Vv 5wk ) + Tr(Awalawal )

+ 26 (2T (AL T AR ) + T (VI T AL ) + T (AL 1Y) )) ) (62)
0 = 20T+ 3AAL T, + 4T VAN + 3Ta A A + 26" <2ANTH + HTAN)

+ 20 (2T + XD, ) + Ty Tr(AwAL ) + 2w Tr (AT ) (63)

12 6
v = — MY, YA — REMY, YAy + 2 VYT, + 603V, YT,
12,

+ = AT YAy + 1263 YAy — 2 YIVYIT,

— AV, YIT.Y AN — 2V, Y[V, YTy, — 4V, Y Ty, YiAN — ALY YT,

— IANAANAN Ty — AN Ty, YIAN — AL T A Ay — 4Ty, Y Y.YD

— ATy, V1Y, YAy — 2D ALY YAy — 3T AL ANAL Ay — 8k ? <4>\NTH + HTAN)
— 2 (4ANTA n )\TAN) —6Y, YTy, Tr (YuYJ) 12Ty, YV ANTY (Yuyj )

Y, YT T (Y,,Yj) ATy, Y ANTE (YVYJ) — BANAN T, Tr()\N)\;f\,)

- 3TANAEVANTr(ANA§V) —12v,Y] ANTr(YJ Tu) 4, YIANTE (YJTYV>

- %)\* (10(2an Al An + VoY an ) T
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n )\(SY,,YJ Ty + 15ANAN T, + 10Ty, YAy + 15T, My Ay — 3627, — 15627,

4 20[K[2Ty,, + 15TANTr(YdeT) 45T, T (YYT) n 15TANTr(YuYJ) 45T T (YVYJ»

T2y (20;& (,‘QT)\ n ATH) + TA( — 1562 + 15Tr(YdeT) + 15Tr(YuYJ) — 3%+ 5Tx (YYT) + 5Tr<Y,,YJ))

+ )\(159 My + 15Tt (Y*Td) L 15Ty (YTT ) 362 M, + 5Tr(YTT ) + 5Tr(YjTyV)>)>

- 4)\N>\R,/\NTr<>JVTAN>

— 26 (47 (A Te (An AR ) + AnAfaw)

+ (20, T (WAL ) + 3A AL T + 3T Al + T (AT, ) ) )

=21, T (VY AL ) = O Tr (V¥ T, AL ) = 2 (Al anal )

— DT (AWALTY, Y ) = 8T (AL T, AL ) (64)
) = 2V, YTy + A YT, + TLY)Ya + 5T,V Y, — lgngu — 3¢2T, — §g§Tu

+|A2T,, + 3T, Tr (YUYJ> + TuTr(Y,,YJ)
2% , 32

My + TgiM, ) (65)

4 4
) = = 4GV Ta = 2APYY[ T — S MY.Y]Y, - 1230V, Y]Y,

+Y, (zx‘TA + 2Tr(YJ Tyu) 4 6g2My + 6Tt (YTT )

6 2
+ le YIT, + 662V, Y T, — 4\?Y, YT, + 3g%TquYd
|/\|2 T.Y Yy + 12037, YV, — 5|\*T,Y,]Y, — 4V, Y, Y,YiT,

— 2V Y YuVIT, — 4V, Y Ty Yy — 4y, Y] T, V]Y, — 6V, YV, V]T,
2743

— 8V, Y T, Y]V, — 21,V ]V, YV, — 4T, Y]V, V1Y, — 6T, YV, Y]V, + 150 ——giT,
15 136 16
+g2g5T, + 5 — 93T + 5 ——gi93T, + 8g593T,, — 5 93T — 2M\ RPN T, — 3A2AS2T,

— XYYV Ts - 6V, Y Tt (Y] ) - sy vam (vav])

— 3|/\\2TuTr<YdeT ) —o2v,Y] TdTr<Y€YeT) — TquYdTr(Yeyj)

- |)\|2TuTr(YeYj) - 12YUYJTuﬁ(Yqu) - 15TuYJYuTr(YuYJ)

+ %g%TuTr<YuYJ ) + 16¢2T, Tt (YuYJ ) vyl TuTr<Y,Yj)

— 5T,V YuTr(Y,,Yj ) - |A\2TuTr(ANAjV)

- %YMY;Yd (15Tr(YdTTd) 202 My + 5NT + 5Tr (YTT )) —18Y, YV, Tr (YJTM)

—6Y,Y]Y,Tr (YJ Tyy> — 3T, Tr (YdYJ Y,Y] ) - TuTr<YeYJ YVYJ)
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— 9T, Tr (YuYJ Y,V ) — 37, Tr (YDYJ Y, Y] ) - TuTr(Y,,YjANAjV)

2
— %Yu (2743g;*M1 + 2252 g2 M, + 68092 g2 M, + 68092 g2 Ms + 180093 g2 M3 — 80093 M3
+ 225622 My + 337594 My + 180092¢2 My + 13500\ 2Ty + 450k* \* (HTA n ATK)

+ 180g2 M, Tr (YUYJ ) + 3600g§M3Tr(Yqu ) — 180g2Tr (YJ Tu) — 360092 Tr (YJ Tu)

+2250° (A (31 (Vf 7)) + T (VAT ) + (AT ) ) + 1 (3T (vavd ) + T (vevd ) + e (wah ) )
+675Tr (Yde TquT) +295Tr (Yeyj Ty, Y/} ) +675Tr (Yuyj T,v; ) + 4050k (YuYJ T,Y] )

+225Tr (YVYJ .Y} ) + 1350Tr(Yl,YjTyV v ) +295Tr (Y,,YJTAN Ajv) + 225Tr()\N)\;r\,Tyy vy )) (66)

BY = 4oV, VIT. + 4V, YTy, + AL Ty, + Ty, YV, + 574, VY,
Ty, e v v N P voe viU

3
+ 200 WY, — 07Ty, - 3631y, + ATy, + STYVTr(YuYuT) + Tnyr(Y,,YJ)

6
+Y, <2)\*T,\ + 2Tr(Yj Tyu) + 692 My + 6Tr(YJ Tu) + 3ngl) (67)

12 12
(sz) = +ngYl,YeTTe — 2NV YT, — Eg%MlYVYJY,, — 12¢2M,Y,)YY,
6
+ gng,,YJTYV + 602V, YTy, — 4 APV, Y Ty, — 2|kPANA Ty,
6 12

—2DPANANTY, + gi T YIYe = DPT VY, + S 0i Ty, VY,

+ 12027y, V1Y, — 5INPTy, Y,[Y, — 4|sPTa ALY, — 4APTh ALY,

—AY, YIY YT, - 2V, YIY. YTy, —4Y, Y T.YY, — 4Y, YIT.Y]Y,

— 6V, Y, YV, YTy, — 2, YIANAL Ty, — 8Y, YTy, VIV, — 2V, YTy ALY,

—ANMANAL Ty, — 22 AL T ALY, — 21y, VIV Y Y, —aTy, VYY) Y,

2
— 6Ty, Y[V, VY, — Ty, VI ANAL Y, — 2T\ A ANAL Y, + %g;‘TYV
1

+ ggfggTyy + gggTyy — AP Ty, — 3N2N2 Ty, — 4k AN ALY, T
— 6N, Y)Y, Ty — AN AN ALY, Ty — 6Y, VT, Ty (Ydyj )
— 3Ty, Y] YeTr(Yde ) ~3APTy, Tr<Yde ) Y, YT, T (Yeyj)
- TyVYeTYe’H(YeYJ) — [Ty, Tr (YYT> - 12Y,,YJTYVTr(YuYJ)
_ i ) 4.2 i 2 i

15Ty, Y, Y, Tr (YuYu) + 29Ty, Tr(YuYu) +16¢2Ty, Tr(YuYu)

—4v, Y] Ty,,Tr(Yl,Yj ) — 5Ty, Y, Y, Tr (Y,,YJ ) — Al Ty, Tr(ANAjv)

— 9Ty, AEVYyTrQNAjV) - |A|2TYVTr<ANAjV)
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. %YUYJ Y, (15Tr(YdT Td> F 5N+ 5Tr(YjTe) + ﬁngl) _18Y,Y]Y, T (YJTU)

—6Y, Y[V, Tt (YJ Tyy) - QANAR,YUTrQR,T,\N) - 3Ty,,Tr(YdYJ Y, Y] )

~ Ty, Tr (YeYj Y, YJ) — 9Ty, Tr (YUYJ Y, Y] ) — 3Ty, Tr (YVYJ Y, Y] )

Ty Tr (YVYJ A NAIV)

_ %YV (207911M1 + 45262 My + 45¢2g2 My + 3753 My + 150AN"2T), + 50 \* (/«UTA + ATH)

+ 20g§M1n(YuYJ ) + 40092 M5 Tr (YuYJ ) — 20¢2Tr (Yj Tu) - 4009§n(YJTu)

+ 250" (A (3Tr (YdT Td) +Tr (Yj Te) + Tr()\;r\,T)\N)) Ty (3Tr (YdeT ) + Tr<YeYJ ) n Tr()\N/\;rV>)>
+75Tr (YdYJ T} ) +25Tr (YeYj Ty, YJ) +75Tr (YquTTdYJ ) + 450Tx (YuYJ T,v! )

+ 25T (Y YITY ) +150Te (Y YTy, ) + 25T (Y VT Al ) + 25T (Al 73, V) ) (68)

3.7 Bilinear Soft-Breaking Parameters

b= 2 AN Ty + 210 Myvix + Bux Ay Av + AR AR B (69)
b = = A ALY Ty — 20 AEANAL Ty, — 4 AT, VA

—2ux AL T A AN — 2B ANV Y AN — B AANAG AN — 200 Y2V IS By

— ARYJTY, Ayix — AWANANAN By — 2ARANVT3 A ix

— AT Y)Y Nynx = 2T8 ANAN AN X

. (H (2,uX)JVTAN +2TF Aypix + Buy Ay Ay + )\JT\,/\R,BMX)

+2(jx A A + g Ax ) T )

—on (A(quATNTM 42T Avpix + By MyAn + 2% }‘VB“X)

+ Q(MxA}LV)\N + )\%)\}tvux)T)\)

=20 AT T (WAl ) = B A AT (Al ) = XEAR By Tr (Al )

—or? *NuXTr</\N)\JTV) - 2,uX)\R,/\NTr()\§VTAN> - 2/\§)\}*VuXTr(>\jvT,\N> (70)

3.8 Soft-Breaking Scalar Masses

s =T () ~ (7)o, (o) () () ™
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. %Ogl <2Tr<m ) ¥ 3Tr<ml) +3mY, +3mY, + 6Tr< ) + 8Tr(m3) + Tr(mg)) (72)

1 1
73 = 5 7z ( — 99imi, — 53miy, + 9gtmiy, -+ 45g3mdy, +30( i+ my, )P +4(2003 + o) Te(m3)

+ 3697 Tr (mg) —9¢°Tr (m?) — 45g3Tr (m%) +giTr (mZ) + 45¢3Tr (m?) + 80g3Tr (mg)
— 3293Tr (m2 ) — 1603 T (m2 ) + 90m3;, Tr (Yav,] ) + 30m%, e (Vov! ) — 90m3y Tr(v,Y))

- 30m§{u’ﬁ(Yij) - GOTT(YdeT mg*) — 30Tr (Ydmg*yj ) — 60Tr (Yeygmﬁ*)

+30Tx (Yem%*yj) +120Tr (Yungg*) - 30Tr(yum§*YJ) + 30Tr(Yl,m12*Yj)> (73)
029 = %(3Tr (m2> + m?{d + mfiu + Tr (mf)) (74)
O2,3 = %(QTr (mﬁ) + Tr (m§> + Tr (mi)) (75)

32
BY —ﬁ G| )? - —g§1|M3|2—Gg§1|M2|2+2m§{deYd+2m%uYJYu+2TJTd

5 =
’I’TLq

+ 2T0 T + m2Y, Yy + m2Y Y, + 2V m3Yy + Y] Yym? + 2Ym2Y,,

1
—+ YJYumg =+ \/T%gl 10’171 (76)
2
Bt =+ 201031 Maf* + 33031 Mol + 3203631 M

1
—g1 95 My 1M + 169393 M31M;

16
+ (15(392 <2M3 ¥ MQ) _ 8g§M3) + g (2M3 + Ml))lMg ++

4
+ 3glmildeTYd —dm3y NPY] Yy — 2m3, NPY Y,

—2mZ\PY] Yy — 2T |2V Ya — 20T Y] Ty + %gfm%,uYJYu

— Qm%d|>\|2YTYu —dAm3; |APYY, — 2mE A PY Y, — 2T Y Y,
o 225 M ((5(1Gg§ (2M1 + Mg) +9g2 (2M1 + MQ)) + 597g%M1) 1
1180 (2M1YdTYd — VT, + AMY]Y, — YdTTd))

4 4
— YT, — = 2‘MlTij + gg'f’T;Td —2\PTiTy

8 8

2
= SOIMTIY,y + 2ol TITu = 2N*TIT, + ggfmgyjyd

4 4
— IAPm2Y v, + 7glm2YTYu — IAPm2YY, + W%Y*mflyd

— 22V m3Y, + leTYdm — MY Yym? +595YTm Yo

5

—2\PYIm2y, + leTYm IAPY Y, m2 — 8m¥ Y, YY) Yy

5
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—AY YT Ty — 4] TyT Yy — 8m% YV, VY, — 4ViY, TiT,
—aviT, 1Y, —aTiVYiT, — AT T Y] Y, - ATHY, YT,
—ATIT,Y]Y, — 2m2Y] Y Y)Y, — 2m2Y] YV, Y]Y, — 4y m3v,v]Y,

— AV Yym2Y, Yy — 4V Y Y m3Y, - 2Y] Vv Yum? — 4y m2Y, Y]y,
— 4V, m2Y]}Y, — Y)Y, YImlY, — 2YTY Y,[v,m? - 2/\*TTYdT,\

32
—2N*TYY, T\ + 6g21 1
u A 1+ 06gy1lo22 + 3 15 \/ﬁgl 03,1

—12md, VIVt (Yav] ) - 6T) 7T (Yav] ) — 3m2vvare(vav])

T g3loas + 91102 11+4
= 6V mavaT(Yar]) - sy vam2 T (vav]) — am¥, vivam (vov?)
— 9T Ty Ty (YeYJ ) — m2Y, Y, Tr (YeYT) — 2V m2Y, Ty (YeYJ )
—y] Ydmgﬂ(Yng ) —12m% Y] YuTr(YuYJ ) — GTJTuTr<YuYJ )
— 3m2Y, Y, Tr (YUYJ ) — 6Ym2Y, Tr (YUYJ ) — 3YYum2Tr (Yqu )
— 4m% Y1V, Tr (YVYJ ) Tt T, Tr (YVYJ ) — m2Y]Y, Tr (YVYJ )
— oy miYu’I&“(Y,,YVT ) —y} Yumg’H(YyYVT ) — 6TV, Tr (YdT Td)
— TV, T (YJ Te> — 6T1Y, Tr (YJ Tu) — 2Ty, Tr (Yj TYV)
— 6Y] Ty Tr (T; YdT) — 6V Y Ty (T;;TdT ) — oy T, Tr (T:YeT)
- QYJYdTr(T ) - 6YJTuﬂ(T;Yf) - 6YJYuﬁ(TgTj)
Vit Te(Ty *YT) VY, Tr (TYV*T;”V ) — 6Y Y, Tr (mlede )
- 2YdTYdTr( 2y, YT) . 2YTYdTr( ijYe) _ovlY, T (mequ>
— 6YdTYdTr( 2YTYd) — 6V, ﬂ( §YJYU) — 6Y,Y,Tr (miyuyj)
VY, Tr (mVY,,YJ>
57(,13 = —ggfuMlF — 6031 |My|? + 2m%, Y1V, + 2m% VY, + 2TI T, + 213 Ty,
+mY Y. + miY]Y, + 2V m2Y, + Y Yomi + 2V, m2Y, + VY, m}

3
- \/;91101,1

3 12
5(2) =42 92 (?)g1 (2M2 + Ml) + 55g2M2) 1M5 + ggldeYTY 4m§{d|)\|2yjye
—2mH APYIY, - amd RYY, — 2T Y)Y,

+= 25 GEM; ( 20T, + 3(592 (2M1 + Mz) + 692 M1)1 + 40M1YTY) CATIYIT,
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—o2mi, |INPYSY, — am3 IAPYY, — 2mE A\ PYY, - 2T 2Y)Y,
12
—TYY, Ty, — —nglTTY + —ngTT 2NPTIT,
:
—2\PTY Ty, + 5glml 2YIY, — APmRYY. — APm2YY,
6
+ Eg%YeTmzY’e - 2|/\‘2Y6Tmz}/; + gg%YeT}/emlz - |)‘|2Y:*:'1.Y—€Tn’l2
—2\PYImlY, — A\PYY,mi — 8my, YIV.Y]Y, —4YY.TIT.
— AV T.TIY, — 8m3, YV, VY, — 4V}Y,T) Ty, — 2m}, YViANALY,
—2mBYIANANY, — 2V AT Ty, — 4V, T Y,
— V[T T} Y, —ATIY. VT, — 4TI TV} Y, —41] v, V[ Ty,
— 218 ANANTY, — ATy, Ty, VY, — 21 T\ ALY, — 2m?Y Y. Y)Y,
—2mPY}Y, V1Y, — mPY AN Y, — 4V m2Y. VY, — avivemly]y,
—AVIY Y m?y, - 2viv.Yivem? — avim2y, Y1y, — 2vim2an ALY,
— 4y, m2Yy, —4av}y, Y im?y, — 2v1Y, V1Y, m? — 2V A nm2 ALY,
— 2V ANALm2Y, — VIANAL Yy m} — 2N THY. Ty — 20T Y, Ty
6 3
+ 6931022 + 29710211 — 4\/;g1103)1 — 12m§,dyjY;Tr(Yde) — GTJTeTr(Yde)
— 3m2y} YeTﬁr(YdeT ) —6Y} mgyeTr(Yde ) — 3yt Yem?ﬁ(YdYJ )
— 4m3 VIV, T (YYT) T Ty (Y;YJ) —m2YHY, T (YYT)
— 2V m2Y, T (Yeyj) - }ijem%Tr(YeY; ) —12m2, Y Y,,Tr(YuYJ )
- 6T;,VTYVTr(Yqu ) — 3m2Y}Y, Tr (YUYJ ) —6Y] m?,Yl,Tr(YuYJ )
— 3V, m2Tr (YUYJ ) — 4m% VY, Tr (YVYJ ) —o1f Ty, Tr (YUYVT)
— m2Y}Y, Tr (Y,,Yj ) — 2V m2Y, Tr (YVYJ ) — VY, mPTr (YVYJ )
— 61t Y;Tr(YdT Td) —ort Ym«(yj Te) — 6T;VYVTr(YJ Tu)
— 2T} Y, Tr (YJ TYV) — 6YIT,Tx (T; YdT) — YV, Tr (T;TdT )
Vi Ty (T*YT) — VIV, Tx (T:TeT ) — YTy, Tr (T;Yf )
—6YlY, TT(T TT) — oV Ty, Tr (TWYT) vy, Tr (TWTY )
— 6V, T <dedY*) —ovly, Tr( 2y, v ) - QKTYeTr<m12YJYe>

- 2YjY,Tr( 2y 1y, ) 6YY, Tr( gydTYd) —6YIY, T (mgyjyu)

19



6V, Tr (miyuyj ) — VIV, Tr (miyyyj ) (79)

6 3
= =201 [Mf? = 63 M| + 2miy, IA* + 2mi;, [A? + 2mE A + 2Ty [* — \/?910’1,1
d

+ 6m, Te (Yav] ) + 2miy, T (vovd ) + 6T (T3 ) 4+ 2 (1T ) + 6T (mdvayy )

+ 2T (m2VeY]) + 2T (miY[Ye ) + 6T (m2v]va) (80)
1
== (g%Ml* (621g%M1 +90g2 M, + 452 My — 40M; Tr (Yde ) +120 MlTr(yeyeT> 4 20Ty (Yde)
d
— 60T (YT ) )

+5(393 (303 (2Mz + My ) + 5563 My ) M3

- 2(30 (m%{d +mE + mg) AZA*2 4 10k ((4m§ +ml, + mi{u)nw? T} (KT)\ + ATK)) — 15g3095 — 3¢20911
+2V15g1051 + 2g§m§,dTr(YdeT ) — 80g2m%, Tr (YdeT ) — 160g2|M;|*Tr (Yde )

—6g3m3y, Tr(YoY[ ) + 15T P (Vo] ) + 51T 2T (Y, V) ) + 5|73 2T (A Al )

+ 80¢2 M T (Yj Td) + 15ATY Tr (Yj Tu) S BATYTY (Yj Tyy) + 5)\T;Tr<)\R,T,\N>

— 262 M, Tr (Tij) + 80¢2M;Tr (Tij) +26°Tr (T;TdT ) — 80g2Tr (T;TdT )

+ 6g2 My Tr (T;YET) — 6¢2Tr (T:TeT ) + 262 Th (mgydyj ) — 80g2Tr (mlede )

— 693 Tr (m2Y.Y[ ) — 63T (mPYIY. ) + 203 T (m2VYa) — 8063w (m2Y{Va)

+ 5 (12)\|TA|2 Ty (KTA + )\TH) + Sm%{d)\Tr(Yqu ) +6m% ATr (Yqu ) + 3m2AT (YHYJ)
+mZ ATr (Yij> +om, /\Tr(YVYJ) + mZATr (YVYJ> + mi,dATr(ANAjv)

+m2 ATr (ANA}V) + 2m2ATr (ANA}V) + 3T,\Tr(T[quT ) 43T (T;TUT ) + TATr(TyV*YVT )

+ ATr (TYV*T£> + T)\Tr (TAN*A%) + ATr (TAN*TE\J + \Tr (leYJYl,) + 3\Tr (mzYJYu)

+ 3N (m2Y, Y] ) + NTx (m2Y, Y] ) + N (m2anak ) + ATe (m2x{Aw ) )

+90my, T (Yay [Yav] ) + 90T (Yav{ 7uT]) + 15m¥, Tr (vav, v v])

+15my, T (Vv vav] ) + 15T (Yay [ TT)) + 00T (YaT Ty f)

£ 15Ty (YdTJTqu ) +30m2,, Tr (YEYJYeYJ) +30Tr (YeYjTeTj) +5m3;, Tr (YGYJYVYJ)

+ 5m§,uﬂ(YeYJYVYJ) 45T (YeYjTYV Tt ) +30Tx (nTgTeYj)

45T (YeT;,VTyy v} ) + 15Ty (Yuyj TdTJ) 15Ty (YUT;TdYJ ) 45T (YDYJTET;V)
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45T (YUTJTEYJ ) + 90Ty (mZYde Y, ) +15Tr (mZYdYJYuYJ ) +30Tx (mgyeyjyeyg)

+ 5T (m2Y YV, ) + 30T (mfY VoYY, ) + 5T (myvey) v, )

+ 5T (mPYI YV YY) + 90T (m2Y ] vay Ya) + 15T (m2v ] vavv,,)

+15Tr <m§YJ Y,Y] Yd) 15Ty (miyuyj Y,y ) 45T (m?,Y,,YJ Y.y, )))) (81)

6 5

3
= — 2 1M = 6g3| M| + 2miy, [N + 2miy [N + 2mE|A[* + 2ITh[* + \/;9101,1

+6mZ, Tr(YuYJ ) +2m% Tr (Y,,Yj ) + 6T (T;TuT ) + 2T (TWTg ) T (m%Yj Yl,)

+6Te (m2Y,[Y, ) + 6T (m2Y, Y] ) + 2T (m2Y, V) (82)
_ 1
25
+5(303 (303 (2Mz + My ) + 5563 M ) M

<ng1*( —40Tr (YJ Tu) + 4562 My + 62192 M, + 80M, Tr (YUYJ ) + 90g§Ml>

- 2(30 (m%,d +m + mg) AZA*2 4 10K ((4m§ +m, + m?{u)m\/\|2 T T} (;-;TA + ATH)) — 15g40ss — 3¢%0a11
~ 2VTBg1031 + 15|T3[2Te (Yav] ) + 5T P T (Yov) = dgim¥y, T (v,

- SOggquuTr(YuYJ> - 1609§|M3|2Tr(YuYJ) + 5\TA|2Tr(>\N)\§V) 15T Ty (Yde)

+ XTI (YT, ) + 80 My T (VT ) + 5ATXTe (AR T ) + 4920 T (T3 V)

+ 80g§M3T&~(T;Yf ) — 4¢2Tr (T;;TUT ) — 80g2Tr (T;TUT ) — 4¢>Tr (mgyj Yu)

— 80g3Tr (miYJYO —4¢°Tr (miYuYJ) — 80g3Tr (miYuYJ)

+ 5 (12>\|T,\|2 Ty (HT,\ + ATH) + 6m ATr (YdY; ) +3m2 ATx (YdY; ) + 3m§ATr(Yde )

+ 2m T (VoY) 4 miy X (YoYd) + m3aTe (YY) + m, XTr(AwA])

3y X (Al ) +2m3Te (AL ) + 33T 17V ) +33Te (T3 ) + 13T (12,
+NTx (1270 ) + T T (T A ) + NI (T T8, ) + 3NTx (m3Yav ] ) + 0T (m2y, )
X (mPYY.) + 30T (m2Y[Ya) + ATr (m2An AL ) + ATr (m2A{Av ) )

+ 15m3 Tr (YdYJ Y, Y] ) +15m3, Tr (YdYJ Y,Y] ) +15Tr (YdYJ T,T} )

+ 15Tr(YdTJTuYJ ) + 5m§,dﬁ(YeYJYVYJ) + 5m§,uI&.~(YeYJYVYJ)

45T (YeYjTnyj ) 45T (Y;T;VTYV v ) 15Ty (YquT TdTg) +90m%, Tr(Yqu YY) )

+ 90Tr(YuYJTuTJ) +15Tr (YuTdeYJ ) + 90Tr (YuTJTuYJ ) 45Ty (YVYJ TCTJ,U)
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+30m% Tr (Y,,YJYVYJ ) +5mZ, Tr (Y,,YJAN)\R,) +5m3Tr (YVYJANAEV)

n 30Tr(YyYJTyu T}U> 5T (YVYJT,\NT;N) 45T (YyTgTeYJ) +30Tr (YVTJ,U Ty, YJ)

+ 5T (YT, Tay AL ) + 5T (WART, T, ) + 5T (AT, T, )

+ 15Ty (mgdeJYqu ) 45T (mEY;YJYUYJ) 45T (m%YJ YeYjYy)

+ 5T (Y, YY) + 30T (mfY, VY1V, ) + 5T (v AwAL Y, )

+15Tr (mgyj YY) Yu) +15Tr (ngJ Y,V Yd) +90Tr <m3YJ Y, Y} Yu)

+ 15Ty (miyuydf Yy ) + 90Ty (mZYuYJYuYJ ) 45T (m?,Y,,YJYeYJ>

+ 30Tt (mi;yyyjyyyj) +5Tr (m‘iYVYJANAjV) +5Tr (mszAjvyyyj)

+ 5T (miAijVYjAN)))) (83)
_ 8 21 2 32 5 2 2 T il 2 T 2y f

) =~ LM — TgRUM P + Ay, YaV] + ATUT] + 2miYay] + 4Yam2Y]

1
+ 2YdeTm3 + 2\/7]_759110171

64 4
)=+ ( — 30¢2M; + ¢ (2M3 + M1>> LM + Zgimiy, Y] + 12g3m, YaY]
+ 2493 | M [PYaY ] — 8m3 IN2YaY] — am¥ |NPYaY)
4
—AmZ\PYRY] — 4T PYaY) - 5gf]\m/d:rd} — 1292 Mo Y, T}
4
+ 9t M (2 (3039%M1 +40¢2 (2M1 + M3>) 1— 45T, + 90M, Y, Y] ) — 1202 MET,Y)
4

— ANTETLY,) + 5g;“T,,lTj +1202TyT) — AN*T, T

2 4
+ zgimaYaY] + 6g3maYaY] — ANPmEYaY[ + ZgiYamiY]

2

+12g3Yym2Y,] — 4N PYym2Y,] + = 93V, Y m2 + 6g3Y Y, m?
—2NPYaY, m3 — 8mY YaY VoY) — AV Y TyT] — dm?, YaY v, Y]
—dm¥y VoYV, Y] — 4y T, 1) — Ay ity - av, i, Y]
— AT Y T — 4Ty YV, T — 4T TV, Y — a1, TlY, Y]
—2m3Y Y YY) — 2m3Y VY, Y) — avamlY Vay) — avum?y v, Y]
— AYY m3Y Y] — 4Y,Y]Yum2Y] - oYY Yoy m3 — 4V, v im2Y, Y]

32 8
— AY,Y[Y,m2Y] - 2V Y Y, Y m3 — ANYLT Ty + ggglalg + Bg%lag,n

1
+8——gi 1oy — 24m%, YaV Tr (YdeT ) — 120, 1Ty (YdeT)

V15
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— 6m3vay] T (Yav]) - 12vam2y T (vav]) - 6vavimim (vav])

— 8m%, Y4V Tr (YEYJ ) — AT T Tx (YeYJ ) —om2Y, V] Tr (YeYeT)

— a2y T (Vo)) - 2wy fmdme (vevd) - v2varime (Vi T)

AV, T Ty (YJT8> —120,Y) T (T;YdT ) —12Y,Y Ty (T;TJ )

— AT, YTy (T;YeT) —4Y,Y T (T;TeT ) — 12V, YTy (mledeT )

- 4YdYTTT(m§YEYJ ) —avy) Tr(mfyg Ye) —12v,v] ﬂ(mgyj Yd)

32

5 = -2

+2Y,Y,Im2 — 4

2
1M ? — %gg |M3|? + 4m3; Y.V, + AT, T + 2m2Y, Y, + 4Y,m2Y)

1
\/T—591101,1

12
8 (15g§M3 — 242 (2M3 + M1>)1M3 — Cgtm, YV + 12g3mi, V.Y

2
Bt =~ 5%
+ 2463 | M |?Y, Y] — dmi; [APPY,, YT —8my, APV, Y]
—AmENPYY) — 4T PYLY + 5g 2NLY, T — 12g2M,Y, T
— 1202 M3 T, Y] — ANTYT, Y,
4 4
+ 9t M (45( COMY,Y 4T yf) v 8(321ng1 + 4042 (2M1 + Mg)) ) - AT

2
+12¢3T, T — 4APTLT) — Zgim2Y, Y, + 6g3miY, Y,

5
4
—2[APm2Y, Y, — gle WMl 4+ 12g3Y,m2Y,] — 4PV, m2Y )
2
—gle LYIm2 4602V, Y, im2 — 2N\2Y, Yim?2 — am3, Y, Y V.Y

—dm¥ Y, Y Vv —av,y] TdTJ —8m3, Y, YV, Y] -4y, YT, T}
— 4y, TiTyY} - av, T, Y] - AT, Y]V Tl - AT, VY, T

— AT, TV Y] — AT, TV, Y — 2om?Y, Y Yav) — om?Y, Yy, v}

— 4Y,m2Y]Y Y, - 4Y,m2Y v, Y] - av, v m3y,v]

— AV, Y Ym2Y)} - 2V, Y Y,¥ i m? — 4V, Y Im2Y, Y] — 4V, Y]V, m2Y]
kS 32 1
— 2V, VIV, Yim? — ANY, TIT\ + S gil 21 16—=g11
u u My, 2+ 3 gsloz s + 1591 02,11 — \/ﬁm 03,1

— 24m2, Y,V Ty (Yuyj ) — 127, TI T (YuYJ ) — 6m2Y, Y, Tr (YuYJ )
—12Y,m2Y Ty (Yuyj ) — 6Y, Y m2Tr (YuYJ ) — 8m%, Y,V Tr (Y,,Yj )

AT, TITy (YVYJ) —om?Y, YTy (YVYJ) - 4Yum2YJTr(YyYJ)
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- 2Yuyjm3Tr(YUYj) - 12YuTJTr(YJTu> Y, TITy (YJTYV)
12T,V Ty (T;YuT ) C12V,Y]Tr (T;TuT ) ATYI T (TYV*YVT )

—4Y,YITr (TYV*T;V ) —AY, YTy (mfyj Y,,) —12Y, YTy (mgyj Yu)

- 12YUYJTr<miYuYJ> AT (m?,Y,,YJ)
24
g = —Eg%1|M1|2 +2 (2m§,dYeYJ + 2T. T + 2V.miY,) + m2Y, Y.} + Yeijg)

B

B

3
+ 2\/;91101,1

2
83 — = (Gg%Mf (234g§M11 n 5( oMY+ TeYJ)) 4 20911(39102,11 n \/150371)

- 5(3Og§M;TeYJ 1T, + 6g2T. T — 3002T.T1
+ 10 APT.TT 4 3g2m2Y. Y, — 15g2m2Y. Y] + 5|\ Pm2Y. Y,
+6g7Yemi Y] = 30g3YemiY ] + 10 APYemi Y] + 397V Y m?
— 15g3Y. Y Im? + 5|APY.Y I m? + 20m3, Y. YI V.Y + 10V, Y T.T)
+10m3;, V.Y, Y, Y + 10mY, VLYY, Y + 10Y.Y, Ty, T
+10Y, T/ TV} + 10Y. T, Ty, Y + 100V, Y. Tf + 107.Y, v, T}
+10L.T YY) + 1011 Y, Y + 5m2Y. VYY) + 5m?y.y v, v)
+10Y.miY Y Y +10Y.miY,) Y, Y. 4+ 10V, VI m2Y, Y. + 10V, Y, Yom?Y)!
+5Y. Y Y. YIm2 + 10V, Y, m2Y, Y] + 10V, Y, Y, m?Y)
+5Y. VY, Vim2 + 307,71 Tr(YdeT ) + 15m§YeYem(Ydyj )
+30Y,m2Y Ty (Yde ) +15Y, v mgTr(Yde ) + 10T, T Tr(YeYJ)
+ 5m2Y, Y Tr (Yeyj ) +10Y,m2Y Ty (YeYJ ) +5Y, Y m2Tr (YeYJ )
Ly, 1 (10)\*T,\ n 10Tr(YJ Te) + 30¢2M> + 30Tr (YdT Td) _ 6g%M1) + 307y Tr(T;YdT )
+ 107 Y Ty (T; YeT)
AL (3gfm§,d — 15g2m3,, — 30g2|My|? + 5(2m%{d +m o+ m’g) A2+ 5|T3 |2 + 30m2, Tr (YdY;)
+10m, Te (Yor] ) + 15T (37 ) + 5T (127 ) + 15T (m3 Y] ) + 5Te (m2veyy)
45T (m%Yj Ye) + 15Tr(mgydT Yd))))
) = tdm% VY 4+ 2m2 ANl + 4Ty, T + 2T, T+ 2m2Y, Y, + m2analy
+4Y,mPY,} +2Y, Y, im2 + 22ym2 Al + A Alym?
) = —16m3[rPAnAL — 4m% APANAY — 4mZ IAPANAL

5 =
mll
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12
— 8mEAPANAY — 4T PANAL, — 4T3 P AN AL, — ngMnyij

— 122 MTy, Y] — ANTI Ty, Y, + gngnyf/y +12¢3Ty, T},

— ANPTy, T, — ARTITo AN — ANTE Tay Ay — 4]6 2T T3
—4NPT, T+ ggmeYVYj +6g5m2Y, Y, — 2|\*m2Y, Y,
—2l6PPmIANAL — 2 PmIAnA + L;ngum?YJ +12g3Y,miY,!

—4N2Y,m3Y,] + ggfyyyjmz + 692Y, Y, Im? — 2|\?Y, Y, m?

— 4lkPANm2AL, — ANPANmEN = 2|k PAN AT m2 — 2]APAN Al m?
—4m3, Y, YIVY —amd, v YIVY - 4y VI T

—8m3 VYIS -4V, YTy, T -4V, TIT.Y, — 4y, 1) Ty, Y

— AmIANAANAY = 2ANAN TN TT = 20T Ta AN — 4Ty, Y VLT
— ATy, Y]V, T} — ATy, TIV.Y — 4Ty, TY Y, Y, — 210 AGANTY

— 2T TY ANANy = 2m2Y, VIV Y — 2m2Y, ViV, Vi — m2 AL An AL
—4Y,miY]Y. Y] —4v,mY Y, Y -4y, YIm?Y. Y]

— AV, YIY.mlY] — 2V, YV Y m? — 4Y, Y, Im2Y, Y| — 4Y, Y]V, m?Y;

— 2V, VY, VIm2 — 2Anm2 AU AN AL, — 220 AL m2 AN AL, — 228 A Anm2 AL
— AN mE = AT T, = AN AT Ty = 1213, T, T (YY)
— 6m2Y, Y} Tr(YuYJ ) — 12V, m2Y Tr (YUYJ ) —6Y, Y] miTr(YuYJ )

— 4Ty, T} Tr (YVYJ ) —om2Y, Y, Tr (YVYJ ) —AY,m2Y Ty (YVYJ )
=2, Y m2Te (YY) ) — amE AL Tr (Al ) = 20, 7, T (Al
= m2AWALTE (Al ) = 20m2A T (AwAl ) = AwAlm2Tr(AwaA])

1
- v, (153 Mz + 15T (YT, ) + 3930y + 53T + 5T (VI Ty, ))
— T, Tr()\jVT,\N> 12Ty Y Ty (T;YuT ) ATy YTy (TWYVT )
— 2TAN/\R,Tr(TAN*/\£) — QAN)\IVTr<T>\N*TATN)

4
+ Y,V (3gimiy, + 15g3m3y, + 69| My |? + 30g3|Ma? — 5mfy, N2 — 10m3; A2 - 5m|A

— 5Ty — 30m§,uTr(YuYJ ) —10m%, Tr(YVYJ ) — 15Ty (T;TuT ) 5Tt (TWTEV )

- 5Tr(mlzyj Y,,) - 15Tr(mgyj Yu> - 15Tr<m3Yqu ) — 5Tr (m?,YVYJ ))
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B

1)

2
mg

(2)

2
mz

= 20 AT (m2An A ) = 22w Al T (m2AL A )

2 = 2<6mQS|;€|2 + 2<m?qd +mi, + m%) A2 +2|T, |2 +2|Ta | + m%Tr(AN)\;rO + Tr(T,\N*T)\TN)

+ Tr(m?,)\N)\}L\,) + TT(mi)\ijN))

4
s =—¢ ( - 39%|TA|2 _ 15g§\TA|2 + 120m?9,$2,€*,2 + QO(me n m% i m%))\zxk,z 4 3ng1)\T§

d

5
+ 15¢2 Mo \T; + 15|T,\|2Tr<Yde) + 5|T,\|2Tr(YeYJ) + 15|T,\|2Tr(YuYJ>

+5ITAPTr (VY ) 4+ 10/T2Te (A A ) + 1A T (Y] Ta) + 5aT3 e (VI )

+ 15T T (YJ Tu) + 5)\T§Tr(YjTYV) + 10/1T,:Tr(/\j\,T,\N)

+ A" ( — 3gim3;, A — 15g5m3 A — 3gimy A — 15g3m3; A — 3gmEA — 15g5mEA

+ 20| Tx |2 + 40N T |2 + 205T7 T + 392 M7 ( —OMi+ TA) +15¢2M; ( — Mo\ + TA>
+30m3 ATr (YdeT ) + 15m2 ATr (YdeT ) + 15m2 AT (Yde ) + 10m3 ATr (YYT)

+5m, )\Tr(YeYeT> + 5m§ATr(YeYJ ) + 15m3; ATr (YUYJ ) +30m3, ATr (YUYJ)

+ 15m2AT (Yqu ) + 5m ATr (YVYJ ) +10m%, /\Tr(YVYJ ) + 5m§)\Tr<Yqu)

+ 15T) T (T;YdT) + 15ATY (T;TdT ) + 573 Tr (T:YeT) + AT (T;TeT ) + 15T) T (T;YuT )

+ 15ATE (T;TuT ) + 503 Tr (TWYVT ) +5ATE (TWTQ ) + 15ATY (mgydyj ) 5T (mﬁyeyj)
+ SN (mPYIY, ) + 5ATe (miY[Y, ) + 15T (m2Y[Ya) + 15ATe (m2Y] Y, )

+15ATE (miquJ) +5ATr (m,%yyyj))

+10K* (2 (4m§ +my m%{u)nw + 88T |2 + 26|Th|? + 2AT T, + 4m%/iTr()\N)\}Lv) + Tﬁﬂ(TAN*Aﬁ)

+ nTr(TAN*TATN> + kTr (m?,)\N)\}fv> + nTr(mfc)\}f\,)\N»

+5my, Te (VYA ) + 5m3Tr(Voyiawak ) + 5T (v Y1, 7, )

+ 5T (YT, T Al ) +10mETr (A AL ) + 5T (Al Ty, 7Y, ) + 10T (A AL T3, T, )
+ 5Tr(ANTjN Ty, Y, ) 10Ty (ANTjN Thy A}V) 45T (m%YJ ANAjVY,,)

+ 5T (2, Y AL ) + 5T (m2 AN AL YY) + 10T (m2an AL )

+ 5T (m2AL Y, Vi ) + 10T (m2A Av AL Ay ) )

=20 m2Ay + 2mEN AN + 210 Th + m2AL AN + AL Avm?2
= —ATPA AN — AT PA AN — 4RTEN Ty — ANTEAL T
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—4m3 ALY Y A — 4amE A YL Yy — LY T Ty,

— AmEINGANAG AN — 2AANT] Ty — T, Y Ay — 20010, T A

—AT] Y, YTy, — 278 ANANTS, —4T] Ty, YAy —27] T AAw

—2m2 MY, VI Ay — m2 N AN A AN — AN m2 Y, YV Ay — 20T m2 A v AT Ay

— AN Y, m2Y Ay — ALY Y m2 Ay — 22T Y, v A em?

— 22 ANm2 AN AN — 2M AN AT mZ Ay — A AN AT Aym?

— 26" (SmErAR AN + (20 m2 Ay + 2T T+ m2A Ay + AAwm?)

+or) )\NTH)

—on (2 (2m2s +mY, + mi,u)AAjVAN + A(zAjvaAN +2T] Tay +m2AAx + A}Ang)

+o1f /\NTA)

— 4mZAfA ﬁ(A AL) -2 T Tr()\ Al ) —m2AA TY()\ Al )
SANAN N Ay TAN NAN MEANAN NAN

=2k m2AnTr (Al ) = Moawm2Tr (Al ) = 21 AT (A T )

— 2R T (Tawe AR ) = 200 AT (T, ) = 2204 AT (m2Aw AL

v)
b=
»)
— 2l )\NTr(m Al )\N)

3.9 Vacuum expectation values

Va

B = 21Ovd<1592 +15¢2Xi — 20|A\[2 — 20Tr(YeYJ ) +3¢% + 3¢2Xi — 60Tr (Yde ))
B2 = 4—00051( — 414¢% — 180922 — 1200g% — 9¢*Xi — 90g%¢2Xi + 8T5¢3Xi + 9g4Xi2 + 9092 g2 Xi>
— 225g3Xi + 1200A2\"2 — (5 (32g§ + 9g§Xi) +g? (9Xi - 4))%(5@1/; ) - 4809%Tr(Y;YJ )
— 120¢2XiTr (YeYj ) - 6009§X1Tr(yeyj )
- 4O|)\|2< - 10Tr(ANAjV) . 10Tr(YyYJ) +15¢2Xi — 20kK* — 30Tr (YuY,j ) + 3g%Xi)
+ 3600Tx (YdeT YY) ) +1200Tx (YdYJ Y,V ) +1200Tx (Yeyg YY) ) + 400Tx (YeYj Y, v ))
B = —vu (1593 +15¢2Xi — 20|\2 — 20Tr(Yqu) +3¢% + 3¢2Xi — 60Tr (YuYJ»
B3 = 100 u( — 41497 — 1809292 — 120045 — 9g+Xi — 9092 g2 Xi + 875g3Xi + 91 Xi% 4 9092 g2 Xi?

— 295g3Xi2 + 1200A2\*2 — 40 (5 (3293 +9g2 Xl) + gl (9X1 + 8)>Tr (YUYJ ) - 1209§X1Tr(YVYJ)

— 600¢2XiTr (YVYJ)
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- 40|/\|2( - 10Tr(ANAjV) - 10Tr(YeYJ ) +15¢2Xi — 20kK" — 30Tr (Yde ) + 3g§Xi)

+1200Tr (YdYJ Y,Y] ) + 400Tr (YEYJ Y, v ) + 3600Tr (Yuyj Y, Y} ) +1200Tr (YVYJ Y, Y] )

+400Tx (Y,,YJANAL)) (99)
B = —y, (2|/{\2 Lo+ Tr()\N)\R,)) (100)
ﬂq(jf) = %vs (20m2ﬁ*’2 + 10A2\*2

+ |/\\2( — 1562 + 15Tr(YdeT) +15Tr (Yuyj) ~3¢2 4 5Tr(YeYJ) + 5Tr<Yl,Yj)>

+ 1002 (2207 + Tr (AL ) ) +5(Tr (v viawal ) + Tl anal ) ) (101)

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

B, oz [ p
< Wip ) - ( Zp > o)
ng Wp_

)\Wyl i W=
Ao | = vl w+t (104)
AW 3 wo
(105)
The mixing matrices are parametrized by
7 cos Oy —sin O (106)
sinOw  cos O
5 %
w _ V2 2
Z(il i1> (107)
V2 V2
1 1
- V2 V2
7" = | —ids i 0 (108)
0 0 1
(109)



4.2 Rotations in Mass sector for eigenstates ’EWSB’
4.2.1 Mass Matrices for Scalars

e Mass matrix for Down-Squarks, Basis: (ciL,al,JR’%) , (~2,61’J*R,/32)

Mg, dx 3 (\/iUdT(I — vsvu)\Y(D R
%601261 (\/ivde - ’UsUqu)\*) dedE‘?

ISR

1

MiLi =~ g3 (392 +93)1(( = 2+ 03 )dars + 50w (2m2 + VAV Vo)
L 1

MGpds, = Egll< — vé + 03)5@[32 + §5a252 (2m§ + véYdeT)

This matrix is diagonalized by ZP:
zP m%Z Dt — pd
with

de,ia = Z ZD *dja 5 CiR,ia = Z Zﬁ’*dja
J J

e Mass matrix for CP-odd Sneutrino, Basis: (o1,0r,0x),(0L,0Rr,0x)

T 1 Ty *
Moror Mspor §’Us’l}u§R<Yy AN)
2 = T
mVi = mgLGR maR(,R TnUXGR
1 T v *
ivsvu%()\NYU> Morox Moyox

Moo = 3 (208077 4R (mF)) + 5 (a2 +3)1(— o2+ )
Mopon = ;vdvs%(AYlj‘) + %vu%(Ty)

M = & (2 2%(ANA§V) + 2v3§}e(yyyj) + 4%(m3))

manes = 5

Moxox = %(4”?%(@&) = SR( By ) + R (pxp ) + 8% (m2))

This matrix is diagonalized by Z%:
o id i
Z'm% 70T = my'y:

with

Z*Z 1*1 1*1
Z oRz—E , }j

29

a2+ ) ) v~ (k) < 0R(12,))

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)
(119)

(120)

(121)

(122)



e Mass matrix for CP-even Sneutrino, Basis: (¢r, dr, dx), (00, dr, dx)

M, b1 ngm %vsvu%(YVT)\}‘v)
mzR = Moror Moror mgxdm (123)
%USUU@:E()‘%YV*> Mérox Mexpx
1 1
Mmoo = 7 (202R(YSYS ) +4R(m?)) + < (o7 +93)1( vl +0d) (124)
1 1
Meprdr = —ivdUS%(AYU*) + %’UU%(TYV) (125)
1
Mopon = 1(202%<AN)\T ) + 21)38?(1/1,)/:[) + 49?(ml2,)) (126)

Mrox = é( = 2000 NN +2(( = vavad +v20) AL + 020 0% ) + V30 (4R (x Al ) + 4R (T ) ) (127)

Moy oy = é(z(z%(Bﬂx) + 2u§§}e(A§X;V)) + 4(23%(m§) + %(BMX)) n sm(uxu})) (128)

This matrix is diagonalized by Z%:
ZPm2, 27T = mg'e, (129)

with

ZZR* R ZZR* R ZZR* R (130)

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

1
2 My s 5 (\/ﬁvuTJ - vdvs)\YJ)éal@Q (131)
%504251 (\/EvuTu - 'Udstu)\*) mﬁRﬁ}}
1 1
Maga; = —5; ( 392 + gl) 1< — 02 4 03)5041,31 + §5a151 (2m3 + szJYu) (132)
1 1
Mapat, = §§a252 (2mi + viYuYJ) + ggfl( — v+ v3)5a252 (133)
This matrix is diagonalized by ZY: '
Z2Ym2 2% = mge (134)
with
ﬂ/L,ia = ZZU*’U]& ’ aR,ia = ZZU*uja (135)
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e Mass matrix for Sleptons, Basis: (é1,€ér), (€],€R)

m% = meey _§U8Uu)\YT + \[UdT]L
‘ ’US’UUY A + fUdT méaé}‘%
1
Meper = 5 v2YIY, + 8(—9%4—9%)1(—1)34-@3) +m?
1
Meren = §”dYY + 491 (— vg + vi) +m

This matrix is diagonalized by Z:

with

™mQ

E 2Bt _ di
Z=mzZ " =my

E*~ ~ E*~
€j, €R,i = § j

e Mass matrix for Higgs, Basis: (¢4, u, @s), (ddy Pu, Ps)

m¢d¢d m‘bu¢d m¢s¢d

2 _
My =1 Mogpy Moudy Moy
m¢d¢s m¢u¢s m¢a¢a

1 1

m¢d¢d:§<vz+vi>‘)\|2+§ gf—k )(3’Ud—’l) )—l—de
1 1

Mpap, = Z( - 2\[1)5%(71\) + (4'Udvu)\ - U?“) AT = Ug)\’f*) - Z(Q% + g%)vdvu
1 1

Mo, ¢, = 5(1}3 + v?)w? -3 g; +gg)< 3vZ + vd) + meu

Mpyp, = %Uu%(TA) + vy ( — %Uu/i + vd)\))\* — %vu/\/@*)
( — g (\/ﬁﬂ‘%(TA) + ’Us)\/'i*) — vs( — 22U\ + vdn> )\*)
(ZﬂvSR(T,J + (61}3& — vdvu)\) K* + ((v?l + vi)/\ — vdvu/@> /\*) + m%

Me,ps =

m¢s ¢s —

N~ DN —

This matrix is diagonalized by Z:

with

H, 2~-H,t _ . dia
Z th _m2,h

ba=Y 2. 0= 2. 6= 2k,
j J J
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(137)

(138)

(139)

(140)

(141)

(142)
(143)
(144)
(145)
(146)

(147)

(148)

(149)



e Mass matrix for Pseudo-Scalar Higgs, Basis: (04, 04,05), (04, 0w, 0s)

Mooy ivs (2\/53?(@\) + QUS%()\R*)> Mooy
myo = i’(}s (2\/5?}? (TA) + 21189‘%()\/4:*)) Moo Moo, | T Ez2m*(2)
(UZFTR Mo, o, Mo o,

1
Mours = 5 (02 +02) W2+ 5 (67 + 8) (=02 +03) + i,
1
Mgurn = 5 (v +02) NP = £ (g + 8) (o2 +03) +mi,
1
mage, = =5vu(20R(M") = VIR(T,))
1
o, = —gua(20 k(M) ~VIR(T,) )
1 * * 2
Moo, = 5( - 2\/5%%(1}) + <2USI€+Ud’Uu)\)I€ + ((vd + v ))\—l—vdvu ))\ ) +mg

Gauge fixing contributions:

Moyoq Moyoy 0

o

mg(éz) = mUdO'u mauau

1 . 2
Moyog = sz (91 sin Oy + g2 cos @W)
1 . 2
Moy0, = _Zvdvu <g1 sin Oy + g2 cos @W)
1, ) 2
Moo, = Zvu (91 sin O + ga COS ®W>

This matrix is diagonalized by Z4:
A A
ZAm%0 Z0T = m3i%,

with

o4 :ZZjAlA?, ou :ZZJAQA?, O, :ZZJ‘%A?
J J J
e Mass matrix for Charged Higgs, Basis: (H; ,H,*), (H; ", H})

*
Mopre me M
2 _ Hd I_Id7 HI'*H_’* 2 —
miy— = d + &y-m=(W7)
Mu m: Mub ot
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1 1
§vf|)\\2 + g(gf( — vﬁ Jrvfl) + g% (vﬁ + vi)) + m%d

1 1
My =5 ()\( — VgV, A" + vfn*) + \/§U5T)\> + Zggvdvu

M
Hd Hd

1 1
Myt gt = §v§|)\\2 + §<gf< — 2 —HJZ) +g§(v§ +’UZ)) —l—quu

Gauge fixing contributions:
1.2 2 1.2
2 _ 19274 —192VdVu
m=(&w-) = 1.2 1,22
_ZQZDdUu ZQQUu

This matrix is diagonalized by Z+: ‘
Ztmy, 20T =mgiy

with
Hy =) ZiH7,  HI=) ZjHf
J J
4.2.2 Mass Matrices for Fermions

e Mass matrix for Neutralinos, Basis: (/\B,Wo,ﬁg,ﬁg,é) , (/\B,Wo,ﬁg,ﬁg,g)

M 0 —3910a 59104 0
0 M, 19204 —3G20u 0
mgo = | —301a 39204 0~ —Lu
%glvu _%g2vu _%US)\ 0 —%Ud/\
0 0 _%Uu)\ —%’Ud)\ V24K

This matrix is diagonalized by NV:
N*mioNT = mdie

5&0
with
W STV T ORI T S
j i 7
A=Y N, S=> N\
j J

e Mass matrix for Neutrinos, Basis: (vi,vg, ), (VL, VR, T)

0 0 O
my, = 0 0 O
0 0 px

This matrix is diagonalized by U
UV,*m UV,T — mdia
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with

V,x V,x _ V,*
VL= E Ui v s VR; = E Ui v T; = E Ui v,
J J J

Mass matrix for Charginos, Basis: (W‘, ﬁ;) , (W“‘, lflj)

— M, %92%
X 1 L
ﬁQQ’Ud \/ﬁvs
This matrix is diagonalized by U and V/ 4
Urmg-VT =mde

with
WE=DIURNL H =3 U
to ta
WE=D VAT HI =D VA
to to
Mass matrix for Leptons, Basis: (er), (e};)
me = ( %deeT )
This matrix is diagonalized by U7 and Uj
U m U = mdie
with

€,%
€L, = E UL,jiELJ

ta

_ e *
eri =) UhiiEr,

to

Mass matrix for Down-Quarks, Basis: (dp.q,), (df%,ﬂl)

mg = < %UdéalﬂleT )
This matrix is diagonalized by U¢ and U}%
Ub*maUgt = mdie
with
dria =Y UpDyja
to
dRia = Z U}%,ijD}k%,ja

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

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

w,*
UL i = § ULJiUL,ja
ta

u *
UR i = E UR,z‘jUR,ja

2]

5 Vacuum Expectation Values

1 1
HY = + —vg+i—o0
d \/i(bd V2 TR
1 1
HY = — o, + —=vy +i—0,
\/§¢ NG V2
1 1
S_iqss"_ivs"_i Os
N AN 2
— —=0
N, AN
— —=0
R R R
=— —=0
N ARG

6 Tadpole Equations

% - i(<2vd (vf + vi))\ N UEU“K) AT 4mf{dvd — UsUu (2\6%(%\) + vs)\n*)) +
3;; = +é (93 + 93 Jou (= i +02)

+ i(<2 (vﬁ + v§>vu>\ — vdvf/{) A+ 4m§{uvu — VgUs (2\/§§R(TA) + UQ\%*))
ng = (= 2vavevar +4020) w7 + v (2( (47 + 02)A = vavam)X* + )

+V2( = vava (T3 + 1) + 02 (T2 + T2 ))
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17, 2 _
91 + 93 )va Uy + Vg ) | Vq + Uy
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O
ov
9o,
oV

8¢Xi

7 Particle content for eigenstates ’EWSB’

(201)
(202)

(203)

Name Type complex/real ~ Generations Indices
d Scalar complex 6 generation, 6, color, 3
vl Scalar real 9 generation, 9
vl Scalar real 9 generation, 9
U Scalar complex 6 generation, 6, color, 3
€ 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
XY Fermion ~ Majorana 5 generation, 5
v Fermion Majorana 9 generation, 9
X~ Fermion Dirac 2 generation, 2
e Fermion Dirac 3 generation, 3
d Fermion Dirac 3 generation, 3, color, 3
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
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
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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?) = +4T = (- 2rMSmW + Ao (my-

%[\3
v
N—

+

DO
!
Sa

1 2 2
dodz W W d Zyz<_§rMst+A0<mZ))

1 2
- ZAO( ) did5 HE Hy ~ 9 ZAO (mAEi)FdZ,:.,AO A0
1 A 9
752 O(mha) di,d% ha b

37

-2 E Moy, g By (p m? m_)mw (I‘L,v,* & 4ri rt ~7)
. a X d¥ua,Xy,  diuaXy di ua,X,  df
a=

d; yUa r X,

3 2
Lx* L Rx R
+ZZGO(p e m”)(rri],ua,xb R T *‘)

dj yUa r Xy, di sUa s Xy

a=1 b=1
3 5
2% "m § B( m2 ) ; (r%* re & i )
(e NP Mo T30 ) e gy 507 a0 T 0 X0 50
a=
3 5
G ( 2 m2 m2 )(FL* rt rfs R )
+2_ D Golp* mi, my 0 50 At e 50 T e KO 7 o 0
a=1 b=1
6
- C E Ag m2~ T: = . . — E Ay m% <
da div j z7da €a d 7dJ ;€
a=1 a=1
6 6 2
_ 2 L. 2 2 *
CZA()(mua)Fdi, . +)0) :Bo(p ,m2 ,mH,)rd~ R N
a=1 a=1 b=1
6 3 6 3
2 2 2 * ; 2 02 * < L
+Z Bo(p 7mda’mA‘;)FJ*.,&a,Ang;,da,Ag +ZZBO(p ’mda’mhb>rd* dmhbrd;‘,d e
a=1b=1 7 a=1b=1
9 9
L Ao(m?, )T L Ao (m?
o 5 Z O<ml’é) rjl ~;‘,ué,v}'l - 5 Z 0<m’/5) di,ds vE VR
a=1 a=1
2 2 Lx* R Rx L
— —m; B( m~m)m(:~ rs . rs_ 1= )
3 gb - 0\P Mg M, Ty drgudy dfgudy o dTgdy dygu.dy
4 3
2 2 Lx* L Rx* R
+f§G( mm)(n~ rl  4rB  pf )
3 & P D J\"dz grdy” dgundy | d3gudy dfGn.ds
4 6 6
ENTre T F( m2 ) § F( m2 0)
+3b ©g.dy d7.g.dy o\ d*mdb o\P"
=1 b=1
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6

6
* V 2.2 2 % . 2 2 2
+ ZF5;7Z7deJ§,Z,JbFO (p ,mdb,mz> + ZF&;7W77ﬁbI‘d:7W_7ang (p mub,mw_> (204)
b=1 b=1

e Self-Energy for CP-odd Sneutrino (v%)
I %) = 440 1 2 2 1 9 )
0 (P) =+ vy WH W ( - §rMSmWf + Ao (mW*)) + QFL?Z,D}Z,Z( - §rMSmZ + Ag (mz))
2 L
2
_ ;Ao (mH;)FD;},D;,HI,H; 5 z:: o(m )FD},D_;I,Ag,Ag
13
T 9 Z Ao (mia)rﬂf,ﬁj,hmha
a=1
3 2
_ 2 2 2 L R R L
4y me, Z By (p ,mea,mﬁ)mi; (rpj’émi;rwm% . Fﬂ,z,éa,,x;)

3 2
2,2 2
—1—25 E Gg(p ,m2 ,m~,)(f‘?;‘, .t 4rB R
% Ui8a,Xy  UiheaiXy 7i.8a,Xy  PiiCarXy

a=1b=1
6 6
=3Y Ao(m3 )T, g g — Y Ao(m2 )T pize s
0\""q, )" viwids.da 0\"e, |+ opis.er a
a=1 a=1
6 6 2
2 o 2 9 2 *
—3) A (maa)rﬂ;,b;,ama +2) > By (P vméa7mH;)F~;,é - vie
a=1 a=1b=1
9
1 2
‘521’40 iy Vot ~ ZAO( )Tt g
a=
2 *
+ E E By (p 7mw,m )I‘m vi AOI‘,, Vi A9
a=1b=1
2 *
+ E : E Bo<p 7m1ﬂ 7mh )Fl/7 Vi thDZ’,VZ;hb
a=1b=1
+ Bo(p?,m2r, m%o )T r
Opa Ag l‘)”LVRAO IJIIRAO
a=1b=1
9
2 2 2 *
+ Z Z BO (p 7my5~7 mhb)rp;}7y§7hbrz7},ua B hy
a=1 b=1
_ L R Rx L
QZmV ZBO(p My, M3 O)m (Fpg,ua,xgru vk +Fu7,ua,xbrﬂf,um>~<g>
a=1
9 5
2 Lx L Rx R
+Zlb G ( ’17 )2 )(FVwVa»XbFVNVmXO +FVJ7VG7X5FD7?7V(L1)~(2)
a=1b=1
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6 9

£23 T e Tt eng(p m2,,m?, ) ST 2T LZVRFO(p m R7m22) (205)
b=1 b=1

e Self-Energy for CP-even Sneutrino (v?)

%1\3

1 1
—tMSmi,— + Ag (m ,)) + 2rpﬁ7pj%7z7z( — irMSmQZ + Ay (m%))

2

3
1
2
E :A0< )F pR R HS HE T g E A0<mAg>Fo,ﬁ,Df,A2,Ag
1
2
3 E Ao (mha)rpf,pf,ha,h,,,
a=1
3 2
2 2 2 Lx R L
42_ Mea Zf Bo (p ’mEa’mx;)mx; (va,éa,xgruf,ea,xb +ij G0y FD%@&;)
—|—2E E Go(p m? m~,)(1"L* rt,  __4rE R ~,)
a’ vl x,  vlhea,x, vitea X, PiteaX,

;5 () = +4F9ﬁ,vﬁ,w+,w* ( -

a=1b=1
6 6
2 2
TR ES T Sy
a=1 a=1
6 6 2
9 2 2 2 *
-3 E AO (mﬁa)rpf7,);f?’ﬂ;7ﬁa +QZZBO (p 7méa7mH;)F[,RyéZ,H;FﬂF,éZ,H;
a=1 a=1b=1 ’
9 9
1 2 1 3
— 5 E Ao my(ll FDR,UJ RZN7 2 9 Ao(m Lonon vt
a=1 a=1
3
2 2 2 *
—|—E E Bo(p,mw,mA )FJ,Q,AOF R,ﬂAo
a=1b=1
9 3
2 2 2 *
+ g E BO(P 7my;,mhb)FD7R,V ho LR i by,
a=1b=1
9 3
4 Bo(p%, m2s. m%0 )T x | 0
o\p, vERs A0 v ,ug,AO A 7”5714
a=1b=1
9 3
2 2
+ g E BO(P 7ml,R7mhb)F*R Lon
a=1b=1 ’
9 5
Z Z 2 2 2 Lx R Rx L
- 2 mya BO (p ,mVa’mig)mig (Fujl?vuavbeVR V”’XO + FV Wa X FD@'RJ/""X(IZ)
a=1 b=1
9 5
2,2 2 L L R R
+ 20 3 Go(ptmi, mia ) (T, g Ty + T sy Do)
a=1b=1
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6
* 2 2 2
+ 2 E Fﬁﬁ,w+,ébFD?,W+,ébF0<p ,méb,mw_>
b=1

e Self-Energy for Up-Squarks (a)

I (p*) = +4T5, 5w+ w- ( B

_ Zi:AO <m2

w

1

9
* _ 2 2 2
+ bE pr,z,ugrbﬁ,z,ugFO (p ,muz,mz)
=1

%rMSmZZ + Ao (m%))

_)D: -, _
) gy, HE H

R Rx* L
_QZ’” ZBO(T’ m~*7mdb)mdb<r Lt a T v,xa,dbrl,xa,ch))

2 3
G (27n%,1n )(FL* N rés . TR )
+ZZ o\P Mg Ma, * X, dy I,Xa,db—i_ arxddy s ar,xddy
a=1 b=1
2 6 18
2 2 * 2
+>. Bo (p My M )F g Vi, — 5 D Ao (mAg)Fﬁi,ﬂ;yAg,As,
a=1b=1 a=1
3
1 2
-5 :AO(th)Fu“u hasha
a=1
3

_QZmUaZBO(p mu ,m= o)m (Fﬁ
a=1

BO (p27 m271a

2 * . -
vmhb)ra;@a,hbra:,ﬁa,hb >

9
1
__§§:/h<nﬁ§>rm7

Lx*
0
}uayxb

R o +FR*

U} ua,Xp ¥ ua,Xy

Fonist)

< -
Uy yUas Xy,

o)

< -
Uy Uas Xy

I

u] ,ua,Xb

FL

U7 UasXp

Lx*
i) (08

2 = -
i RS
vl Wi, U3V,

aVa

1 9
> do(m
a=1

ot uy wBEUE
8 : 2 2 2 Lx R Rx* L
N gmg bZ: Bo (p Mg m’“*) MMy (Fﬁ;@l,ubrﬂf@l,ub T Fﬁ;»glvubrﬁfaglyub>
=1
4 i 2 2 2 L L Rx R
T3 Z Go (p My mub) (F PR T ﬁ;,gl,ubré:,gl,ub)
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ZF”* w.d, L w+ deO(p Mg, My - )

wnu

6
* 2
Z ﬁqu;ub i’g’ﬂ‘bF (p mub’o)
+§F Fy(p?, m2 +§r’f T:. , - Fo(p% m2 ,m2
@ 'yub Wl iyt 0 ub’ a@r,Z, a6, 2,0 0 DTSRV
b=1

(207)
e Self-Energy for Sleptons (¢€)

1
Iy (p) = +4T%, o2 gy - (= 5MSmdy - + Ao (midy ) )
2

1
2 2
+ 2 éuéj,Z,Z( — §rMSmZ + Ay (mz))
13
2 2
=0 Ao (3 )P et s — 5 0 Ao (e )T
a=1 a=1
3
1
2
) E Ao(mha)réi,é* ha,h
a=1
3 5
2 2 2 Lx R Rx L
~2 me, > Bo (P > Mheq s My ) (Fé;,ea,xbrewea g T LE eaxg é?%»%’)
a=1 b=1
3 5
2 2 ;2 Lx L Rx R
+ ZGO (p 2 e, Mo )(Fewezz,xbre 1€, X0 +F€ J€as XY ,ea,xb>
a=1b=1

6 6
2 2
-3 Z Ao (m )Fé,;,é;d;,d} - Z Ao (méa)réi,é;‘ éx,éq
= a=1

6 3
2 2 2
=83 Ao (m2 )T i+ D030 Bo(phmZ 2 )Th L T e
a=1 a=1 b=1

6 3
0N Bo(ptm, m?

10
* 5 - 2 o o
a»mhb)ré;,ea,hbré;éa,hb 52 A (mvg)réi,é;,u;w
a=1b=1 a=1
1 9 9 2
}: 2 3 Z 2 2 2 *
5 AO(myf)Fe“ewuf,uR + ZBO(p 7mué,me_)Fe i H_Fél,l/a,H
a=1 a=1b=1
9 2
2 2
+ g E Bo(p SR, M )Ff* R H,Il* R
1b=1 ‘ Cabas o
a= —
9 2
fZZmuZBO( ,mz,m%_)mw(FQf TR __4rB 1L )
1 @ a X Xb €jsVarXy  €55VasXy €jVarXy €5 VasXy
a= b=1
9 2
+Zzao(p2,m3 ,m%,)(réf vk __4rB R ~,)
< o’ % €5 va,Xy €5 iVaiXy €5 Va,Xy €5 iVarXy
a= —
6
+ E It

2
é;777ébré:777ébF (p me’ 0) + Z ]:"'* Z eb]'—‘é:f Z ebFO (p meb ) mZ)
b=1
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+ZF**W & W FO(P m2umw ) ZD*W Rré;,wf,ufFo(PQ,m,z,gam%v—) (208)

e Self-Energy for Higgs (h)

1 .
Hi_j(pQ):+2(—§rMS+BO(p2,mzz,mQZ)> }:%Z’ZF;WZ’Z—FAL( erS—i—BO(p miy_, miy— ))I‘;‘L wew-Lhowew-
2 2 2 2 2 2
—Bo(p ’mn*’mn*)rﬁ¢,n17n‘rﬁj,n17n‘ —Bo(p ’mn+’mn+)Fﬁi;7{+ﬂ7+Filjvﬁq—>77+

1
= Bo(? m2a, 22 ) Uh, e Ty g + ATk iy - (= 5tMSm - + Ao (midy )

1
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2 2
2 2 *
+ZZBO(p Mg )Fh wt m Uk HE Hy
a=1b=1
2 2
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Xa o\, Mgy Xo \ hyXd X%y hioxd X + Ry xd %y R XE X,
a=1 b=1
2 2
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+ZZ o\P Xa Xy by xE %y hiXd Xy + hyxd %y " hiXd X
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a=1
3 3
_|_1 B 2 2 F* F“
D) 0\p vagvaO hy,AQ,A0" i, A9, AQ
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3 3 13.3
2 2 2 2 2 2 *
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3 3
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2 L Rx* R
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L R Rx L
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a=1 b=1
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e Self-Energy for Pseudo-Scalar Higgs (A°)
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+ g2 itl ;2ZI::42 - \/5)‘ ;z’) jy'KSZI‘cA2 + 92 i*2 ;4le€42
+ 1N (N2 — N2y ) — V2ANANZf + 2V2RN5N s 21
1—
+ Nj3 (glN;ﬁZ/ﬁ - 92N;2Z7c41 — V2 (N;4Z1?3 + Nﬁs%‘é))) ( 75) (325)

2
1
+ B (21?1 ( — g1 Ni1Njz3 + gaNioNjz + Ni3( — g1 Nj1 + g2Nj2> + V2M\*NiyNjs5 + \/i)\*Ni5Nj4)
+ \/§Zj;43( - QH*N%N]B + )\* (NigNj4 + Ni4Nj3>)
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+ Z}?g ((glNu - 92N¢2)Nj4 + Niy (91Nj1 - 92Nj2) +V2)* (NiBNj5 + Niij3)>) (1 * WS) (326)

2
A
/
/
/
/
/
d; /
djp
1 3 3 -
* * — /5
—=0ap D UL U YaaZih ( ) (327)
\/? b=1 a=1 2
1 e x r7d d a1l
+ ——=0ap Z Z Yd,abUR,jaUL,inm( 5 ) (328)
ﬁ b=1a=1
AR
/
/
/
/
/
- ’
€
€j
138 3 |-
e,* e,* -5
7 > Ui D UkiaYeanZia (T) (329)
b=1 a=1
R |4y
* e e 5
+ _722 Ye,abUR,jaUL,inJ?:L( 5 ) (330)
b=1a=1
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aia
ujip
1 3 3 -~
U,k U,k — /5
ﬁ‘saﬁZUL,ijUR,iaYu,abZI:E(T) (331)
b=1 a=1
1 3 3 14+
* U u 5
+ 7550“3 Z Z Yu,abUR,jaUL,inl??< 2 ) (332)
b=1a=1
Hy;
//
/
X¢
Xj
{ * * * * * * 1- 5
5 (= 20U NG ZH + Un (= 20N5ZE + V2NAZH + V20N 25 ) ) (—522) (333)
) . 1+
+ 5 ((292‘G1Ni4 +V2Vjy (glNil + gsz))Zl;E +2X VjQNi5Z2_1) ( 2%> (334)

T
Aoy
/

4

/

Xi

ujp
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3

3 3
. * U, * * U,k 1- V5
s, (gQUﬂ Supnzh - Up Y vy Yd,abz,g+a) (T) (335)
a=1 b=1 a=1
3 3 .
5 Y* UL ZDV, (7) 336
+ e ﬁ’sz:;aZ::l u,ab¥ R,ja% kb "2 9 ( )
€k
/
7
Vi
Xj
. * V,* * V,* — /5
_Z(gg S vzl —un S Uy ZYE,G,,Z,EM) (T) (337)
a=1 b=1 a=1
hi;
/
/
/
/
//
X
Xj
i (U Vazlh + U (0avizl + wiszlh)) (F5) (338)
\/i g1V 7 i 7 2
o1 . 1+
+ —ZE (gzUanQZ;g + Uiz (92‘/3‘12;?; + A ‘62215),)) ( 275> (339)
.
/
//
dia {
Xj
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3
iUldar S 25 Z Ydab< 275) (340)

b=1

U,* U,x 14+
Z(Sav (92 Z Zk: UL ia ]1 Z Z u abZk3+aUg,ib‘/}2> ( 2 ) (341)
a=1

b=1a=1

Xj

Uj, Z zy Z RiaYe.ab ( ! _275) (342)

a=1
0,% e 1+ Y5

(92 Z Zka UL Jia Jl Z Z v,a Zk3+aUL,ib‘/}2) ( 2 ) (343)

b=1a=1

v
/
/
/
/
/
_ ’
€;
Xj

1 3 3 1 ~

. * R,* e, — )5
zﬁ 52 Z Zyy Z UR,iaYGﬂb( 5 ) (344)

b=1 a=1
1 i 14+
R,x R,* e 5
_Zﬁ <92 Z Zra ULiaVin = Z Z v abZk3+aUL,z‘ij2) ( 5 ) (345)
a=1 b=1a=1
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~0 /
Xi

X5

1 * * * * * * * *
. ( — NLNBZE + V2ANE NG ZE + VAN N5 ZE — g N;y N 28

+ 92Ni1N;QZIg + \/§ANZ-*5N;3Z,5§ + 92N ;42,5%
+ 91N (NJ"F?)ZlfIl - N;4Z1§§) + \/ikNiZN;},Z,g - 2\@“Ni*5Nf5ZIg

+ Nj3 (glNJﬁZﬁ — G2 ;225 + \/5)\( ;4Z1g + Nj5ZIg))) <1 _2%) (346)

{ * *
+ 3 (Zlﬁ (glNile?) — g2NioNjz + N3 (gle1 - g2Nj2> +V2X\* NigNj5 + V2 NiSNj4)

-+ ﬁZ,fé( — 2K* 1'5Nj5 + \* (NigNj4 + Ni4Nj3))

. 1+
+Z,§§(<—91Ni1 +92Ni2)Nj4+Ni4(_gle1 +92Nj2> +2) (Ni3Nj5 “l‘NiSNjS)))( 275) (347)
dz,y

X¢
djp
1 * > d,* D % > d,* & D * ’ d,* D 1- V5
- éaﬁv( - 3\/592]\712 Z UL;jaZka + 6N Z ULJ’[) Z Ya,abZis4a + \/591]\71'1 Z UL;jaZka> ( B ) (348)
a=1 b=1 a=1 a=1
i - d oD NG & D d 1+
+ —§5Bv (3 Z Z Y3 awUr jaZipNis + V291 Z Zk3+aUR7jaNi1) ( 5 ) (349)
b=1a=1 a=1
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X{
€j
i 3 3 3 .
* e,* * e,* 5
. ( — 2N Z U, Z YearZhssa + V20N5 S US ZE, +V20u N, Z g Z,m> ( 5 ) (350)
a=1
\/> e EN 1 + 5 1
—i| V241 Z Zk3+aUR jadVi1 + Z Z ‘abUR jaZiuNis B (351)
b=1a=1
ﬂzv
/
~O //
Xi
Ujs
. 3 3
1 * U,k * U, * * U, * 1 -
~ &0 (3\/592]\7& Z UL Zin + 6N Y U  YaanZisy o + V201N Z Uy Zy, ) ( 275) (352)
b=1 a=1 a=1
3 3 14+
* 5
+ 667 (2fgl ZZkSJra Rja 3ZZYU, R]aZIZ)NM) ( 2 ) (353)
b=1a=1
Vi
/
/
/
/
//
X{
12
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3
(glNl*l Z UV?*ZIZ&: — 92Ni Z UL*Z;;

3

2

- S Vo N5 3 UL Y 25 ) (57) 54

b= a=1

[

+
DN | =
~~
Mw

lec;U]Yz< — g1 N1 + gzNiz)

=1
3 3 Lt~
* * 5
(ZZYW k3+a Nz4+ZZZIZs+a N,ab 6+sz5))( 5 ) (355)
b=1a=1 b=1a=1
Vit
/
/
/
/
//
X¢
Vj
i 3
Vx 7R, % * V% 7R, *
§( IZUa‘a Zya _92NiQZUja Zta
3 L~
* V% R,* R,* )
\/i(NZ‘lZUJb sz3+a Vab+N5Z 6+bZZk3+a>‘N»ab))( 5 ) (356)
b=1 a=1
i3
Ryx11V
+ 2(;Zka U; ( Ny _QQNzZ>
3 3 L tn
% R Ry yx 5
\/i(zzyv,abzk3+aU NZ4+ZZZ]¢3+¢1 N,ab 6+sz5))( 9 ) (357)
b=1a=1 b=1a=1
Hy;
/
//
X X
Xy
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1—75
* +
— NoguViNg zg, + Vi (22N 24, + V2 (9N + 92N 235) ) (<52 (358)
: 147
J * + 5
+ %( — 20U Njs Zi + UiQ( — NN ZE + V2 N 2 + ﬁgzNﬂzkl)) ( . ) (359)
i
/
//
7 /
dia
X5
{ DA Dox prds 1—7s (360)
356w (3Nj*3 Z ey Z UR iaYd,ab + \[91 Z Z13+aUR m) 5
b=1 a=1
3 3 Lt
(6 o> YiwZig Ut aNjs + \[Z Z U m< —392Nj2 + 91Nj1>) ( 2 ) (361)
b=1a=1
€k
/
/
_ /
éi
Xy
2 > e,* 1-— 5
- Z( J* Z Z UJG{.;aife,ab + \/égl Jjl Z Zk3+aUR za) ( 2 ) (362)
b=1 a=1
. 3 3 L4
%( ZZ ZkE3~T~aUL 2bNJ3 +\/>2Zka UL ia (glel +92Nj2))( 9 ) (363)
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aia
X;
1 3 1 v
* u * * S w,* — /5
35047 (2\/591 Z Zl[cj?)-‘ra R,ia 3Nj4 Z ZI[:;) Z UR zaY ) < 2 ) (364)
b=1 =
3 3 1 + ~
Sory (6 > Z b Zi Ut N+ V2 Y 20U, (3g2Nj2 n glNﬂ)) ( 5 5) (365)
b=1a=1 a=1
dz,y
/
Ja
djp
. -5
gs¢g o Z U ]aZka< ) (366)
L georae zD pd  (1E05 367
+ ZEQB% ~,B QZ:l k3+aY R ja 9 (367)
h,
/
/
/
/
/
d; !
djp
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3 3
o1 " N 1—
—i=ap S USRS URS YawZi (775) (368)
\/5 b=1 7 a=1 ’ 2
3 3
+ —Z*‘ixﬁZZYd,abUﬁ,jaUg,inﬁ( 5 ) (369)
\/5 b=1 a=1
uz,y
//
/
X
djp
3 3 3
05 (goVa ST UG 2V e ST ULt ST, 002G 1= 370
— 08y 92 ilz L.ja%ka — i2z L,jbz u,ab%k3+a 9 (370)
a=1 b=1 a=1
. N N 1+
+ Z5ﬁvZZYd,abUR,jaZkbUi2( 3 ) (371)
b=1a=1
Hy
/
7
ﬁia
djp
3 3
Sas S ULS S Ut Y2y 1= % (372)
0ap L.jb Ryiatu,abZpo 9
b=1 a=1
3 3
. * d u + 1+75
+ “5a/3Zzyd,abUR,jaUL,inm( 5 ) (373)
b=1a=1
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1)

(374)
3 3 14y
+ Z Z YefabUI%,jan‘ljZIjl (Td> (375)
b=1a=1
hy
’
’
’
’
’
&; /
€5
3 .
€,*x - 5
Z L]bZUR zaY abZI}cql (T) (376)
b: a=1
1 3.3 |4
e e 5
+ - ﬁ ; ; Y Uk jaUL v Zid ( 5 ) (377)
Vi
’
’
’
’
K
Xi
€j
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7( Z o + iinflgbZ Kita Mb)(l;%) (378)
b=1

I |4
+ 722212,17*2}/;%(]}6%,3‘@[]1'2( 5 O) (379)
b=1 a=1
Vit
/
/
/
/
//
X
€5
1 * e,x R,x e,* R,x 1_'75
72(92‘/;12UL](1Z - ZUijZZk:SJra Vab)( 9 ) (380)
3 3
1+
I A V() 51
ﬂzv
/
Ja
Ujp
U, — 5
5903 WZULJGZM( ) (382)
. 1 * | Q U u 1+75
+ Zﬁg3¢§>‘v,ﬁzzk3+aUR,g‘a( =) (383)

a=1
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Ui
ujp
1 3 3 -
- U, * U, * — /5
il > UL Y Ui Yo 2l (—52) (384)
b=1 a=1
1 3 3 .
+ —i—=0ap Z Z Yo aUk jaUL v Zis (TJ) (385)
\/i b=1a=1
Hy
/
//
d; (
ujp
3 3 1~
. w,* d,* — )5
idas Y UL 2 UsiaYamZiy ( D) ) (386)
b=1 a=1
3 3 .
; * u 5
+ 2604/3 Z Z Yu,abUR,jaUg,inI;z ( 2 ) (387)
b=1a=1
Hy;
/
//
> ’
€;
1%
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3

3

iU Y UiiYeaZi (—52) (388)
b=1 a=1
€k
X ’
vj
(389)
_Z(gz Z ZE *UV Z Z e abZk3+a UQ) (1 —;75) (390)
b=1a=1
iy
Czia //
9p
g3¢9 a,y Z deJraUIa;i y;a( _275> (391)
+ _Zig3¢g a’yZZka UL za(ﬂ> (392)

2

Ujon
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93% a,y Z Zk3+a Riia ( 275) (393)

1+
+ 77/793¢g a,y Z Zka UL za( 275) (394)
d,
/
//
X 4
ujp
D e 1=
55722147 Z R,jaYu,ab(72 ) (395)
a=1
3
i zbx vy gD u L+
+ —108y 922 ka UL jaUit — ZZ dabZr3raUL, Uiz 5 (396)
a=1 b=1a=1

9.6 Three Vector Boson-Interaction

v
Jap
950
93fapn (gp#( P + p?,“") + gpa( pler + pi’ﬁ") + gw( P+ pgw)) (397)
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wf
Yo
igs sin O (gpu< NG ) + gpa( ey p;) + gw( — P+ )) (398)
Z,
W
e

+ + -

. w, w w. w;
*ZQQCOSGW(gp,u(*ng +po” ) +gpa(7pup +pu’ ) +gou(7pp 7 erpzu)) (399)

9.7 Four Scalar-Interaction

A9 A0

i
— < (28(2A (3(01 + 93) 22t — (=42 + g} + 3) 25 28 + AN 25213

=23 (2(w + M) 28208 + (AP + g+ 63) 28 28 + (— 4P + 6 + 63) 2421 )
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+ 223 (V (2228 - w2ih) 25 + 208 (2021 — n2Z) ) — aw (2040244 + 2478 ))
—25(2(— 3(of + 93) ZbZi + (— 4N2 + 63 + 63) 2 2t — NP2 28
e ZA(2(sx + 0 ) A+ (— A+ 6+ ) 22+ (AP 447+ a2) 202)

274 </\* (( INZL, + nZ,?l)Zl‘% + Z,j‘g( —onZA + HZZ’?)) Ty (Z,;“leg + Z,;“gzll)))
+224 (N (25 (28 (2024 — n2t) + 285 (20288 — w24 )

z (222 - nzity) 285 + 285 (2021 - w2
-7

;‘; — 7y + k2 ) 26 + 2 (- 222 + vZ11) )
— K (Z-

A( - 1262820 + A28 288 + 0221

+M(2z4 (22t + 2is2is) + 25 (28 26 + 28 21) ) ) (400)
Iy A}
\ /
\ /
\ /
\ /
\ /
\N7/
/7 \
/ \
/ \
/ \
/ \
0 0
Al A9
(= mx+ont) (28( - Zhziszll + 25 ( -zl + 22
+24(25 (- 278 + 25 28) + 24 ( - 2828 + 22l + 2 (228 + 27 )
+ 28 ( -z 2zl + z (- 2zl + 228 ) (401)
hy hi,
\ /
\ /
\ /
\ /
\ /
\N7/
/7 \
/ \
/ \
/ \
/ \
A9 A0
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%(Z (Z(— (— 42+ g2 + 63) 2B 28 + AN2ZB2ZE + (o + 3) 20428
2(%)\*4—)\/1 )( Z,%ZngZﬁ(ZﬁZngZ;féZf)))
+ Z{?( ( ( AN+ gf + 92>Zk2Zl2 +ANPZi5Z05 + (9% +9§)Zﬁzlﬁ[)
—2(wx 4w ) (- zpzlzll + 2 (228 + Z828)) )

+224(\ (24 (2 (2)\fo +w7f) + 2t (2228 + w7H ) )
w2} (2028 + 2i828) + 23 (2828 + 70421 )

e (Z;‘3 (4nz,fgz{§ +AZEZH 4 \zB 7l )

—\(2) (zih2l] + 2428 + 23 (2028 + 2821 ) ) (402)
Hf Hy
\\ ,
\\/’
/7 \
/ \
/ \
/ \
/ \
/ \
0 0
Al A9
-2 (Zf}( (- 212+ 63) 2z (2225 + 252
Z5 (g2 +a3) 2285 + (— 63 + 93) 225 )
n Z;;( — (=22 + 03) 20 (2425 + 2521
+ ZjAz(( -gi+ QS)Z;1ZZJ{ + (91 + gz)ZleJg))
+42478 (- Mz 2+ 3 (A5 25 + 25 (- w2 +075)) ) (403)

dw dkv
/
\
\\ /’
/
\
\/
/7 \
/ \
/ \
7/ \
/ \
/ \
0 0
A Aj
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. 3
2 *
5575 ((395 + gf) E Ze 2 (ZﬁZjAl - Z;%Zﬁ)

a=1
3
D ,x
w233 25528, (7470 - 2473
3 3 3
D,x *
-3 <2 Z Zk3+c Z Z Yd,caYdybaZlg—i-bZﬁZJAl

3 3
+23 S 20N Vi Yaw 2R 242

c=1b=1 a=1

<o

3 3

3 3
+ (A Vi 2t 2k + XD 20 Y YawnZBea ) (2825 + Z423)) )

b=1a=1 b=1 a=1

(404)

. 3
] *
~ (e +ab) X202l (2027 - 22)

e,ca

Mwﬂ

« E  sAZA
Y. caYebaZiziwZii 251

3 3 3
* E.,x * E,x
TN 2" Y YeawZiaZinZis +AY ) Ye,abzk3+aZ£Z£Z}%))
b=1 a=1 b=1a=1

3 3 3 3
E * * * B,
+2 Z Z zl Z Y oYeadZEZAZ + N Z zk Z YeabZls4a 25255
b=1 a=1

3 3
« B, A A E, A A A A
+A Z Yve,abZkiaiaZl]gZiSZjZ + 97 Z ZkBiaZ£+a( —Z3Z5 + ZiZZj2>
a=1

(405)

118



130((

/
AY
\\ //
\
\/
/7 \
/ \
/ \
/ \
/ \
/ \
0 0
Al A

3
38+ 98) 2 22425 - 247)

a=1

3
U,*
- 2(29% Z 2134 o Z34a (ZﬁZjAl - ZingAZ)
a=1

3 3 3

+3(2( 25 S Vi Vusa i+ YD 2

3

A

b=1

3
c=1 b=1a=1

c=1b=1

3
U,* A A
Zkb ZYu,abZngra (ZZIZJI?’) + Zl3ZJAl>

a=1

3 3
AN S Vw20 (242 + 242)))) )

b=1a=1

3
* U ArzA
Z Yu,acYuyabZlc) ZiQZj2
a=1

(406)

) 3 3 3 3
v i,k ik oy AryA * 0% 0% A A
- Z(A g Zis i, E Zisa N paZinlil + A E :Zl3+b§ :Zk6+a>\NabaZi2ZJ'1
b=1 a=1 b=1 a=1

3

b=1

3 3
* i,% 7% A %
+ A Z i34 ZlG+a)‘N,baZ£Zj1 +A Z 2y, Z Y,
b=1 a=1

3

a=1

3 3

* %
,abZ

ArsA
k3+aZi3Zj1

3 3
i i ArzA * i s AzA
FAD L D Vo ZEIR N D T Y 2 Yo ZBZ
b=1 a=1

b=1 a=1
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+)‘*ZZ Z l3+a VabZ +/\sz3+bzzl6+a>‘NbaZ Z
b

3
T 23, Z Ty a W ba ZA 23 + N Z Zisen Z 21 a AN b0 ZA 7 s
b=1 a=1 — -1
3 3
+2) 70y 7y ZY,,*M Yy ZiZ 5
c=1 b=1 a=1
+ 22 z; Z zy; ZY*M V. ZhZ5
3
+2 Z l3+c Z k3+b Z Yu caYV ba ZJAZ
b=1
+2 Z Zk3+c Z Zl3+b Z Y:caYu,baZingg
a=1
3
+ Z l6+c Z l?l;k Z /\}kV,acYV,abZ Z
b=1 a=1

+ZZI€6+CZZ Z)‘N ac VabZlSZ
+ Z leé* Z lecg+b Z v, ac/\N abZzSZ
c=1 b=1
3 3
+ Z /fo Z l6+b Z Yu ac>‘N abZlSZ

(o ) Yo iy (s - ) 332 Y ity 21
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Z Z i+ ZYV aAN a2 %sz?ﬁbz o AN ba 25255
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— 2K* Z Zi Z Zys AN Zi5 215 — 27 Z Zys Z Zi ANwaZB 25

a=1
3

b=1 a=1
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3
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+ 91 Z Zii Zyq Z Zy Zy + 93 Z 20 Zyq Z Zy 2y,
a=1 b=1 a=1 b=1
3 3 3
R« 7R, R, R, R
Y 2 L D 2y 2y, mZZ T4y 2
a=1 b=1 b=1
3 3
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9.8 Two Scalar-Two Vector Boson-Interaction
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9.9

Four Vector Boson-Interaction
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9.10 Two Ghosts-One Vector Boson-Interaction
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9.11 Two Ghosts-One Scalar-Interaction
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Clebsch-Gordan Coefficients
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