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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 U U U(1) 9 additional
1.2 Chiral Superfields
SF | Spin 0 | Spin 1 | Generations | (U(1) ® SU(2) ® SU(3) @ U(1))

q q q 3 (5:2,3,Qq)

I ] l 3 (-1,2,1,Q))
Hy | Hy Hy 1 (-1,2,1,Qu,)
H, | H, H, 1 (2,2,1,Qm,)

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

i af uk 3 (-2,1,3,Qu)

é €r eh 3 (1,1,1,Q.)

3 S S 1 (0,1,1,Qy)

51 S1 51 1 (0,1,1,Q1)

5o So 52 1 (07 1,1, Q2)

33 S3 S3 1 (0,1,1,Q3)

2 Superpotential and Lagrangian
2.1 Superpotential
A A ~ o~ ~ A 1 ~

W= —YadqHy —YeelHy + Ny Ha$ + 5551 8285 + Yy g Hy
2.2 Softbreaking terms

1 - .

~Lspw = + 359,53, - HYH)STy + Hy HY ST + HYd}, ;0 008dL,j5Ta.ij
— Hy dpio0apir,jsTai + Hoek 81, Teij — Hy @R iVriTeij — Hi U jadapdr,jsTuij

+ Hgﬁ*RymfsaﬁﬂL,jﬁTu,ij + h.c.

—Lsp,p = +mi, [Hy|* + mi, |Hy |> +miy, [HY* +miy |H[? +m2 |S1° + m3, Sz +m2,[S5]?



2 2 T 2 7 Tx 2 7 ~x 2 = ~% 2~
+mglS|" +df, j00apmy i;dL.is + AR iadapMy iR s + €L M i;€Lj + ER Me i;€R,j
~ % 2~ ~ % 2~ ~ % 2~
+ UL 000y ;jUL,j8 + UR ja0aBMy i UR,j8 + VLM ijVL,j

1 ~
~Lsp =5 (N5M1dy + Madig A A + MadisAgadg,s + U2 My + hc. )

2.3 Gauge fixing terms

2.3.1 Gauge fixing terms for eigenstates ’GaugeES’

1 _ 1 _ 1 _ 1 _
Lgr = — §|5;LB|2§BI - 5\‘%9\259 't §|5;LU\2§U1 - §|‘9MW\2§W1

2.3.2 Gauge fixing terms for eigenstates *EWSB’

1 _ 1 _ 1 _ " 9
Lor = — §|8,u9|2£g = i‘au7|2§’y = | — 592 (Hd vg — v H )fwf + oW ‘2£W17
1
- §| + 0,2
1
+ 5{2 (gz (O’d'l}d - auvu> cos Oy cos O’y + g1 (O’d’l)d — quu) cos Oy sin Oy
+ 29, (Q101U1 + Q202v2 + Q303v3 + QH,04vq + QH,0uVy + Qsosvs) sin G/W) 12¢;!
1
- §| + 0.2
1
+ ifz/ (29p (Q10101 + Q20202 + Q30303 + Qp,0qvq + QH, 00y + Qsdsvs) cos O'yy
_ (gdvd — Juvu) (91 sin Oy + go cos @W) sin ®'W) 12¢,}

2.4 Fields integrated out

None

3 Renormalization Group Equations

3.1 Anomalous Dimensions

1
MO (45g§ +60g7Q7 + 80g3 + gf) 1+ Y Ya+Y]Y,

d 30
1
18D = 55 (19997 + 1097 (4(392Q0 (10Q, — 18Qu = 3Qu, +3Qu, +9Qu +9Q. —9Q1) +4g3 ) +993)

+25 (135g§ +72g2 (3g§Q§ + 4g§)

+ 8( — g} + 48¢392Q>



+ 995 Q2(20Q2 + 203, +2Q%, +3Q2 + 607 + 903 +9Q% + Q2 + Q3 + Q3+ Q) ) ) 1

4
+ 591YTY +202Q%, V.Y, = 202Q2Y Y, + 202QLY Y,

— N2y, —2vivayly, - 2viv, Yy,
2
+Y]Y, (ng,Qfl +202Q%, — 202Q2 — 3Tr(YdeT) + gt - AP - Tr(yeyj))
— 3y YuTr(YuYJ)
(1) 1 i
o = - (1592 +209°Q7 + 391)1 +yly,
1
71D = +5- (20791 + 3097 (393 + 49201 ( — 3Qu — 3Q — 3Qy +4Qi +6Qu — Qu, + Qu, ) )
+25 (15g2 + 2462 2Q?

+ 8007 (18Q2 + 203, +2Q%, +3Q% +8Q7 + 903 +9Q% + Q@ + QF + Q3 + @3) ) )1
_ QYJYeYeTYe

6
+ /Y. (202Q2 + 20208, — 20207 — 3T (Yav] ) + 20F - WP - Tx(vov))

3 3
V) = =202, + 3T (Yar]) — oot — So3 + WP + T(vey)
@ 207 , 9 15 18 5 18 5 12 5 5
Vi, = 100 T 59192 + ZQQ - gglgdeQHd - gglgerQHd + gglgpQHd

+ 603020, + 1805Q3Q%, + 691Q2Q%, + 8930k, — £010Qu.Qn,
G303, O, + 5 Q.+ 120505, Q7 ?g%gf,QHqu + 360503, Q;

+ 2gpQHdQ2 + 2gpQHdQ2 + QQPQHsz + QQpQHng *!hgpQHdQu
+18g2Q%, Q2 — 3A2A? — %( - 5( ( Q% +Q3+Q ) + 893,) + gf)Tr(Yde)
+ gg%Tr (Y;Yj) + 2g§Q§Tr(YeYJ ) - 2ggQ§{dTr(YeYj) + 2g§Ql2Tr<YeYj)

e (293, ( — Q%+ Q% + Qi) - :m(yuyj)) - 9ﬂ(YdeYde) - 3ﬂ(YdYJYqu)

LI AAAR
’YS) = —2¢,Q%, + 3Tr(YuYT) 5 —g7 - §92 + AP
. 1077 2
’YS) = +%91‘ + %9192 + %93 + 1*glgdeQH + 1fglgpQ Qn, — 6g19pQHdQHu
. fglgpQH +60362Q%, + 189Q3Q%, + 6gpQ Qi + 10305, @,
+80,Q%, — glgpQH Qi+ 129,Q%. Q7 + glgpQH Qq + 369,Q%,Q:



+ 2305, @2 + 20503, Q% + 2010, @3 + 2030303~ Ll Qm. Qu
+ 189503, Q2 = 3NN + A2 (202 (- Q% + Q% + Q%) - 3T (vay]) - Te(vx)))
+ %(293 +5(302(— Q. + Q2+ @2) +863) ) Tr(vav) ) — 3T (Yav vy ) — 9T (vuy vy
2D =ovyv] - 3 - (159203 + 2043 + g7 )1
7® = +ﬁ (1o1g1 + 1003 (302Qu(11Qu — 18Qu — 3Qu, +3Qu, +9Q. — 9Q1 +9Q, ) +843)
— 25 (493 189292Q2
— 9923 (11Q3 + 182 + 2Q%, + 203, +3Q% +6Q} +9Q% + Q2 + QF + Q3 + @3) ) )1
—2 <Yd* YIVivE + v YTy YdT)
+Yd*YdT(f2|Al2 oTe(VY]) — 492Q3 + 492Q%, + 403Q3 + 603 — 6T(Yav]) + 247
SIRIE) (b (15g§Q2 + 2093 + 4931

@) _ - e (42891 + 2042 (1693 - 3gp( —22Qy — 3Qm, +3Qm, +9Qa +9Q. — 9Q; + 9Qq)Qu)

— 25494 — 48639227
— 9902 (11Q2% + 18Q2 +2Q%, +2Q%, +3Q% +6Q7 +9Q3+ Q2 + Q3 + Q3+ Q3) ) 11
- 2(Y;YdTYd*Yf +YIYIYr YT )
FVVT (27 + 49200, + 49307 — 463Q% + 63 — 6T (v,¥]) - )
7{1) =2V Y! — %(ng + 5912,Q§)1

A2 = +25 (11791 + 309795 Qe (3Qd —3Q; +3Q +5Qc — 6Qy — Qp, + QHu)

+25g1Q2 (18Q2 + 203, +2Q%, +5Q7 + 607 +9Q3 +9Q2 + Q2 + QP + Q3+ Q3) )1
oy YTy YT
P (2P - o (VVS) - 46202 + 49200, + 46207 + 663 — 6Te (Yav]) - 27)
7Y = —262Q% + 2\
1P = +2g4Q2(18Q2 + 2Q%, +2Q%, +3Q% +3Q2 + 607 +9Q3 + 9Q2 + QF + Q3 + QF) — A2\*?
FA ( A+ 627 + 462Q% A+ 462Q% A — 462Q%\ — 6ATr (YdYT) - 2/\Tr<Y YT)

- 6nTe (V.7



1
7 =

2
1 =

1
URE

2
’y()

1
W =

2
URE

= 2623+ g Inl?
120403 (18@2 +2Q%, +2Q3, +3Q% +3Q2 +6QF + 993 + 902 + Q2 + Q3 + Q3
- 29,%( —Q3- Q5+ Ql) |w|* — 7,{ 22
—29pQ2 *|’f|2
+26403 (18622 +2Q%, +2Q%, +3Q3 +3Q2 +6QF +9Q3 + 902 + Q% + Q1 + Q3)
+ 29,,( Q3+ Q7 +Q3)\H|2 — —m K2
~20,Q3 + *IHIQ
+291Q3 (18@2 + 203, +2Q%, +3Q3 +3Q2 + 607 +9Q3 + 902 + Q2 + Q% + Q3

+ gp( Q3+Q1+Q2)\“|2—*“ K52

3.2 Gauge Couplings

33
1) _ 3

55(;1) = *5 91

B = g1 (19991 + 13593 + 44093 + 60g2Q7 + 18092Q2 + 3092Q%,, + 3092Q%. + 90g2Q7

+ 3ngQ[§ +24092Q7 — 30[A]> — 70Tx (Yde ) — 90Ty (YeYJ) —130Tr (Yuyj))
5(1) = 92
BiY = 1g2 (9g1 +125¢3 + 12093 + 10g2Q%, + 10g2Q% + 3092Q7 + 90g2Q2 — 10|\
- 30Tr<YdeT ) —10Tr (Yng ) — 30Tx (Yqu ))
= i
B — gg (11g1 — 20Tr (YdYT) - 20Tr(Y YT) +3092Q3 + 30g2Q2 + 4593 + 6092Q7 + 7093)
B = g3(18Q2 + 20%, +2Q%, +3Q2 +6QF +9Q% + 902 + Q + QF + Q3 + Q3)

5 = g3~ 5(@3 + Q3+ 3P

+9(607Q3 + 120g3Q3 + 902Q + 1897Q? + 3042Q% + 397 Q%, + 1563Q%,
+2002Q%, + 302Q%, + 1562Q% +2092Q% + 952Q7 + 453Q7 + 6042Q}
+ 397 Q2 + 135g3Q7 + 24095Q2 + 180g2Q4 + 10g2Q% + 10g2Q1 + 10g7Q3
+10g2Q4 + 2493Q2 + 1203Q% + 9092Q1, — 10(Q%, + Q3 + Q) AP



—30(Q3 + Q3 + Q2)Tr(vav] ) — 10Q2Tr(vov! ) - 10Q%, Tr(vov! ) - 10Q7Tr (v

- 3003, Tr(vaY) ) - 30Q2Te (Vo)) - 30@2m (v, ) ) )

3.3 Gaugino Mass Parameters

ﬁ(l)
ﬁ

B(
ﬁ(2)

5(1)
5

(1)
5MU

B

66 2N,

g1 (398951\41 + 13595 My + 44095 My + 44093 M3 + 13595 Mo + 6092 M1Q7 + 6092 My Q3

+ 18093M1Q§ + 180g; My Q? + 309, M1 Q3 + 3092 My Q3 + 3092 M1 Q7 + 309, My Q7
+ 9092 M1 Q7 + 9097 My Q7 + 3092 M1 Q7 + 3092 My Q2 + 2409, M1 Q% + 24092 My Q>
= 30X (MiA = 1) = 700 Te (Yav] ) — 900y T (VoY) = 1300 T (VoY ) + 70T (Y] T2
+90Tr (YJTe) +130Tx (YJTU))
= 292M2

fgg (9g1 My + 12063 My + 997 M, + 2502 M, + 12063 My, + 1062 My Q% + 1062 M Q%
+ IOgIQ)MUQHu + 1092 M>Q7;, + 3092 My QF + 3092 M2Q7F + 909, My Q: + 9092 M> Q)
—10X* (MQA - TA) - 30M2ﬂ(Yde ) — 10M,Tx (Yeyj ) — 30MyTr (Yuyj ) + 30Ty (YdT Td)
+ 10Ty (Yg Te> + 30Tr<YJTu)>
= —693M3

793 (llg My + 1193 Ms + 453 My + 14093 Ms + 4593 My + 3092 M3 Q3 + 3092 My Q3
+ 6092 M Q2 + 6092 My Q2 + 3092 Mz Q2 + 3092 My Q2 — 20MyTr (YaY )
- 20M3Tr(Yqu ) + 20%(1/; Td) + QOT‘r(YjTu>)
- QgPMU (18Q2 +2Q%, +2Q%, +3Q% +6Q7 +9Q2+9Q2 + Q2+ Q2 + Q2 + Qg)

) = g5e8(~3(01+ @+ @) (o —73)

+ 9(69 M QF + 12095 M5 QF + 697 My Qj + 12095 My Qj + 18097 My Qg + 18g7 M1 Q2

+ 1897 My Q? + 6097 My Q: + 397 M1 Q7 + 397 MuQir, + 1595 My Q¥ + 1595 MaQy,
+40g; My Q1 + 391 M1 Q3 + 39t My Q% + 1595 My Q3. + 1595 MaQ3;, + 409, My Qy,
+ 991 M1QF + 997 My QF + 4595 My QF + 4595 Ma Q7 + 12095 My Qjf + 391 M1 Q;

+ 24093 M5Q? + 397 My Q7 + 13595 My Q7 + 24095 My Q2 + 13595 M2 Q7 + 3609, My Q;



+20g; My Q5 + 2097 My Q1 + 20g; My Q5 + 209, My Q3 + 2497 My Q7 + 12095 M3 Q;,

+ 242 My Q2 + 12093 My Q2 + 180g2 My Q* — 10(Q§Id +QY + Qﬁ))\* (MU)\ f TA)

— 30My (Qﬁ +QY, + Qg)Tr (YdeT ) — 10MyQ>Tr (YeYJ ) — 10My Q2 Tr (YeYT)

— 10MyQ?Tr (Yng ) — 30My Q% Tr (YuYJ ) — 30MUQ§ﬂ(YuYJ ) — 30MyQ2Ty (Yuyj )
+ 30Q2Tr (Yj Td) +30Q%, Tr (YJ Td) + ?)()QgTr(YdT Td) +10Q*Tr (YJTE)

+10Q3, Tr (YT, ) + 10Q7Te (YT, ) + 30Q3%, Tr (YT, ) + 30Q2T (YT, )

+30Q2Tr (YjTu) ) )

3.4 Trilinear Superpotential Parameters

5(

= +3Y,Y Yy + VoYY,

16 7
T Yd( —202Q3 - 262Q%, — 202Q% — 303 +3Tx (Yav]) - 2ok — —-o?

39— 159 1+|>\|2+Tr<YYT))

4
+5gIYdYTY +202Q% YaY, Y, — 252Q2Y,Y Y,

+202Q2Ya Y[V, — INPYRYY, — 4V YaY Y, — 2VYiY, Y] vy
—2Y,Y, Y, YY,

4
+ Ydyjyd( —202Q% + 2°Q2 — 3\ — 3Tr(YeYj) +6g3 + 692Q3, — 9Tr (Ydyj) + gg’f’)

— 3Y,Y YV, Tr (Yuyj)

16 , 44 32

287 15 8
+ Yd(%gl + 9105+ S0+ 5oigs + 89393, 59+ 5919,Qa + 5 939,Q4
18

220500 + S RGQQ. + 68 ~ SR QuQn,

12
+ g!hgpQHd + 6929pQHd + QQQdeQHd + 69pQ QHd + SSJPQHd

4 6
+ £919,QuQu, — £919,Qm,Qm, + 49,QaQ7, + 49,Q%,Qlr, ~ glgdeQz
18

18 6
+ 5 0105Qu,Q +120,Q4QF +120,Q7%,QF + £ 910;QuQq + £919;Q

2 6 4
- 4glgpQHqu + glgpQH Qq — 91gleQq + glgpQ2 + 6929pQ2

—919:QcQH,

32
+ ggggin + 549, QaQ% + 69,Q2Q7 + 409,Q%, Q2 + 49, Q%r, Q2

+129,Q7 Q2 + 409, Q5 + 29,Q7Q7 + 29,Q%, Q7 + 29,Q2Q7% + 29,Q7Q7
+202Q%, Q% +20,Q2Q7F + 202 Q3Q3 + 292 Q%, Q3 + 20:Q2Q3

10

(44)



+ 29,Q7Q3 + 29, Q%, Q3 + 20, Q2Q3 — glgdeQu glgpQHdQu

12 .
- —0192QqQu + 18g3Q3Q% + 1893Q%;, Q% + 18g2Q2Q% — 3N A2

5

- %( —5(302(~ Qh, + Q3+ Q2) +843) + 3 ) Tx (vav] ) + GfﬁTr(Y Vi) +202Q2 (YY)

- 202Q%, Tr(Yov! ) + 20200 T (Vord ) + VP2 (262 ( - @%, + Qi + Q2) —3Tx (V)

— 9Ty (Yde YY) ) — 3T (YdYJ Y,Y] ) - 3Tr(Y6YeT Y.Y; )) (46)

= 43y ]y,

Ye
9

+ Yo — 20202 — 202Q%, — 20207 — 393 +3Tx(Yav] ) — 2gf + A2+ (Vv (47)
¢ = —avylvyly.

+ YeYte( —202Q% +292Q7 — 3]A]* — 3Tr(yeyg) + 693 + 692Q%, — 9Tr(ydydf))

1

+ 15 Y. (18591 + 189793 + 753 + 720762QuQ. + 120g392Q? + 1809 Q3Q2 + 10095}

—36979;QaQu, — 60979;QcQu, + 2497 92Q%, + 60959, Q%, + 1809,Q5Q7%,

+100g,Q2Q7;, + 809, Q7 + 24979, Qe Qn, — 12979, Qu,Qn, + 40g,Q2Q%,

+409,Q7%,Q%, — 3697 92QaQi — 10897 92 QcQ: + 4897 92 Q 1, Q1

—12¢797Qu, Q1 + 489797 Q7 + 60g592Q7 + 1809, Q7Q7 + 180g,Q2Q7

+ IGOQpQHdQl +4ngQH Ql + 1609le + 72glgpQ Qq 36919pQHqu

— 36979,Qi1Qq + 360g,Q2Q7% + 3609, Q%;, Q2 + 3609, Q7 Q2 + 209, Q2 Q2

+20g,Q7%,Q2 + 20g,Q7 Q7 + 20g,Q2Q7 + 209, Q%;, QT + 209, Q7 Q3

+20g0Q%Q3 + 2092Q%, Q3 + 2091Q7Q% + 20g2Q2Q3% + 2092 Q% Q3

+20g,Q7 Q3 — 14497 92QcQu + 7297 95 Q 1, Qu + 72919, Q1Qu + 1809, Q2 Q7

+1809,Q%, Q% + 1809 Q7 Q7 — 30N> A2

—4( = 5(302( - Q% + Q3+ Q2) +893) + g ) Tr(vav]) + 1268 Tx (VX)) + 2002Q2 T (Vo)

— 20g2Q%, Tr (Vv ) + 2002Q7 v (v, )

—10[A2 (291%( — Q% —Q Q%,d) T 3Tr(YuYJ)) _ 90Tr(YdeYde) — 30Ty (YdeYqu)

— 30Ty (YGYJ YY) )) (48)

3 *

{7 = —2gIn - 3030 — 202Q%, A — 202Q%, A — 202Q2A + 4NN + AT (VoY)

AT (YY) + 3T (VY (49)

1
@ _ %A(m?g% + 909293 + 37594 — 1809202QuQrr, — 180920°Q.Qu, + 1209262 Q% ,

11



+300g39,Q7%;, + 900g,Q7Q7%, + 300g,Q2Q%, + 4009,Q7;, + 1809797 QuaQ,,

+ ISOglgpQ Qu, — 12091gpQHdQH + 120glgpQH + 3OnggpQH
+9009,Q5Q%, + 300g,Q2Q%, + 4009,Q%,Q%, + 4009,Q%, + 1809792 Qr, Qs
— 1809792 Qp, Qu + 6009, Q%;, Q7 + 60095 Q7. Q7 — 18097 9, Q 1, Qq

+ 18097 92Q 11, Qq + 180093 Q7;, Q2 + 18009, Q%;, Q2 + 9009, Q5Q7 + 30095 Q2Q>
+ 3009, Q77, Q7 + 300g,Q%, Q7 + 600g,Q7 Q2 + 18009,Q2Q% + 300g,Q;
+100g,Q7;, Q7 + 100g,QF, QT + 100g,Q2Q7F + 100g,Q7;, Q3 + 100g,Q7, Q3
+100g,Q2Q3 + 1009, Q7;,Q3 + 100g3Q%;, Q3 + 1009,Q2Q3 + 36097 92Q 1, Qu
—360979,Qr, Qu + 900g,Q%, Q% + 9009, Q7. Q2 + 900g,Q2Q% — 500A° A2

=20~ 5(302(~ Q%, + Q3+ Q2) +843) + 3 ) Tx (Vv ) + 6097 Tr (Vv

+100g2Q2Tr (YY) = 10092Q3, Tr (VoY) + 100427 T (.Y

n 10|)\\2( 15Ty (YYT) +2062Q%, +20g2Q%. + 3092 — 45Tr (Ydyj) - 45Tr(Yqu) + Gg%)
+ 40¢2Tr (YuYJ ) + 800g§Tr(YuYJ ) — 30092Q%, Tr (YuYJ ) +3002Q2Tr (YUYJ)

+30092Q2Tr (YuYJ ) — 450 Ty (YdeT YY) ) — 300Tx (YdYJ v, Y] ) — 150Tx (YCYJ YJJ)

B
B

B

a

K

~—

(2)

K

(1
Yy

~—

(2
Y.

—

— 450Tr (YquYuYJ ))

- 4ol - oo (0t + 03+ @3) + )

2
= — oo — 2798 (203,08 + 2Q%,QF + 6Q7Q3 + 18Q2Q% + Q2QF + 3Q1 + 2%, 03 + 20%, Q3

27
+6Q7Q3 +18Q2Q5 + Q2Q3 + 2Q7Q3 + 3Q3 + 2Q7,Q3 + 2Q7, Q3 + 6Q7 Q3

+18Q203 + Q2Q3 + 20303 + 20303 + 304 + 903 Q% + Q3 + Q) + 302 (QF + 3 + @3)

+9Q1Q2 +9Q3Q2 +903Q2)
— 302 (Q3 + Q3+ Q) Il + w2w"2)
= 1Y, Y] Yy +3Y,Y]Y,

13 16
+ Yu( 2gpQH - zgpQ2 - 2gpQ2 - 392 + 3T1“(Y YT) 2 -~ 93 + |)‘|2)

15917 39

= +5g1Y WYY, 4+ 603V Y Y, 4 602Q%, VLYY 4+ 22Q2Y, Y, Y,

—202Q2Y, Y]V, - 3MPYLY]Y, - 2V, Y YY) Y, - 2v, Y] VLYY,

—4Y, YV, YlY,

+Y, Y]y, (295,@3 +202Q%, — 202Q2 — 3Tr(ydyj) + %g% —A2 - Tr(yeyg))
- 9YquYuTr(Yqu)
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2743 15 , 136 16 , 18 18
+Y, ( 150 g1 + 9195 + fgg T —— 9193 + 89395 — ggg gngQdQHu + glgpQ QH,
6 12
— £919,Qm,Qm, + £ 919,Q, +6939,Q1, +180,QaQ7, + 69,Q:Q%,

18
+4gpQHdQH +8gpQH 5 919;2;QH Qi+ 129 Q%H,Qf + 919deQq
+ glgpQ Qq — glgpQHqu+4glgpQH Qq — glgszQqu glgsz

+6939,Q7 + fgsgpQQ + 18¢,QaQ% + 69,Q2Q2 + 49, Q%;, Q2
+40g,Q%;, Q2 + 129,Q7 Q2 + 40g,Q5 + 29,Q7%, Q2 + 29,Q2Q7 + 29,Q% Q7
+2¢,Q2Q7 + 295;‘@% Q5+ 29§Q2Q2 +29,Q%, Q3 + 2gpQ2Q3

24
- *91 97QdQu — ng}%Q Qu + glgpQHdQu — glgpQH Qu + glgszQu

3 76
— £ 919,Q4Qu + 5919, Q0 + *939,,622 + 18¢5Q3Q% + 695 Q2Q3

+49,Q7%,Q1 + 229 QH Qi +129,Q7 Q% + 54g,Q2Q% + 29, Q2Q%
+2,Q7Q% + 29,Q3Q7 + 29,Q3Q% + 22g,Q5, — 3N A2
+ N2 (202~ Qb + Qi + Q) — 3 (vav] ) - (Vv )

+ %(2gf +5(302 (- Q% + @2+ Q%) +83) ) e (Vv ) - 3T (vavivay]) - o (vavivayd)) o (5)

3.5 Trilinear Soft-Breaking Parameters

7 16
) =AY YTy + 2V T, + 5TV Ya + TV, — [0 Ta = 3¢ Tu — 93T

— 20°QATy — 262Q%, Tu — 262Q%Ta + |\ Tu + 3TdTr(Yde ) + TdTr(YeYJ)
14 32

= 93 M + 63 My + 492 My Q + 492 My Q3 + 492 Mu Q%+ 2X°T + 6Tr(YT Td>

T (YJ T)) (55)

+Yd< 91M1 +

6
B =+ g1 YaY [ Ta+ 693YaY [ Tu + 8g3Q3;, YaY | Tu — AN YaY [T,

8
5glMleYTY — 4G My QY YaY, )Y, + 42 My QY,Y, Y,

8
— A MyQ2Y,Y, Y, + 91 TYLYIT, +492Q% YaY T,
— 4G QAYY Ty + 4g2QLY Y, Ty — 2\ \PYaY, T,
6
+ gngde’de +12g3TyY Yy — 692Q3T,Y,] Yy
+1002Q%, T4V, Yy + 6g2Q2T,Y, Yy — 5|\*T,Y, Yy

13



4
+ 5g1TdYTY +202Q7%, Ty, Y, — 22Q2T,Y, Y,
+202QX TR Y, — INPTuYY, — 6YaY, YY) Ty — 8Y,Y, Ty vy

— 2V VY, YT, — avyv IV YT, — v, YT, Y]V, - av, YT, Y] Y,

287
— 6TyY Y Y] Yy — AT YV, Y] Y, — 2T VIV, VIV, + = giTy + 62 62Ty

90
15 8 16 44 32
+ 502 Ta+ 50193 a + 89303 Ta — 5 93Ta + - 919,QiTu+

12 22
+220,Q4Ta + — 919, QaQeTa + 66,Q3Q¢Ta — = 919;QuQu, Ta

—g192Q%, Ta + 69592Q%, Ta + 229,Q5Q%, T

—939,QTy

18 12
- EQ%QZQGQHde + 5

6
+ 69,Q2Q%, Tu + 8¢, Q, Ta + =919, Qu,Qu, Ta

5

12 18
5 —9190QuQiTs + €g1g§QHdQle

18
+129,QuQ1 Ta + 126,Q7, Q1 Ta + + 919, QuQqTu +

2 6 4
£919,Qm,QqTa = £919,Q1QqTa + 3919,Q5 T4

F6G32QATs + RO + SghQIQIT + 60 Q2QIT,
+409,Q7, Q2T + 495 Q% Q2T + 129, Q7 Q2 Ty + 409, QaTa + 29,Q7Q T,
+ 20, Q%,Q2Ty + 295 Q2 Q2 Ty + 29, QIQT T4 + 29, Q%, Q3 Ty

+200Q2Q5 Ty + 295 QIQ5 Ty + 29,Q%, Q5T + 29, Q2Q5 Ty

24
+ QQdeQSTd + 2gpQHdQ3Td + 29quQ3Td - gg1gdeQqu

glgpQHdQqu 3 glgquQqu + 1895 Q7Q0 Ty + 18g,Q%, Q2 Ty
+ 189§QquTd =20, Q71, IN*Ta + 205Q7;, IN*Ta + 29, Q3N Ty
= BANT, = 2NV VLT — 12YaY TaTre (YaY])

4

59%9§QdQH“ Ty —

+ 49deQH Ty + 49;QHdQH Ty —
6

gg%giQEQqu

— 497 9:Qm,QqTy +

P

— 15T, Y] Y Tr (YdeT ) — ST (YdeT ) +16¢2T,Tr (Yde)
212 T 212 T 212 1

+6g2Q3Ty Tr (Yde) — 62Q%, TyTr (Yde> +6g2QT, Tr (Yde)

— AY,Y Ty Ty (YEYJ ) — 5T,V VT (Yeyg ) n g @TyTr (Y vi )

+262Q2Ty Ty (Yeyg) — 262Q%, TyTx (YYT) + 262QPTy Ty (YeYj>

Y, YT, Tr (Yqu ) — 3T,YY, T (Yuyj ) — 3|27y Tx (YUYJ )

_ deYTYd (49 M, + 303 My — 1062 My Q3 + 30g2 My Q3 + 1062 My Q% + 15X* Ty + 45Tx (Y*Td)

14



+15Tr (YjTe»
—6Y,YY,Tr (YJ Tu) — 9T Tr (YdY; YY) ) — 3T, Tr (YdYJ Y,Y] )
— 3T, Tr (Yeygmﬁ)

2
~ Y (28791‘M1 + 459795 My + 4097 g5 My + 4097 g3 M3 + 3609395 Ms — 160g5 M

+ 4597 g5 My + 67595 Ma + 36095 g3 Ma + 13297 g7 M1 Q5 + 4809397 M3 Q5

+132¢7 g5 My Q7 + 48093 95 Mu Q7 + 19809, My Qg + 10897 g5 M1 QaQ.

+ 10897 g5 Mu QaQ. + 5409, My Q3Q7 — 1984795 M1QaQr, — 198979, My QuQ,

— 16207 9o M1QeQu, — 162979, My Q.Qu, + 108g7 g2 M1Q%;, + 10897 g2 My Q7

+ 270939, Mu Q% + 270959, MaQ, + 19809, My Q3Q%, + 5409, My Q2Q%,
+720gs My Qly, + 369392 M1QaQr, + 369792 MyQaQrr, — 549792 M1Qw,Qn,

— 5497 9s My Qr,Qur, + 3609, MyQ3Q%, + 3609, MuQ%,Q7r, — 108¢795M1QaQ
— 108g7 o My QqaQu + 16297 g2 M1 Qpr, Q1 + 16297 g7 My Qr, Qi + 10809, My Q3Q7
+ 10809, My Q%;, Q7 + 1629792 M1 QaQq + 16297 97 My QaQq + 549795 M1QcQq

+ 5497 92 My Qe.Qq — 18097 g M1 Q 11, Qq — 18097 92 My Qr1, Qq + 1893 92 M1 Q 1, Qq
+ 1897 9a My Qu, Qq — 549797 M1Q1Qq — 5497 97 My QiQq + 6097 g2 M1 Q7

+ 4809392 M35Q? + 6097 g2 My Q2 + 27093 g2 My Q2 + 4809592 My Q.

+ 2709392 Mo Q? + 486092 My Q3Q2 + 54092 My Q2Q? + 36009 My Q%;, Q>

+ 3609, My Q7;, Q7 + 10809, My Q7 Q2 + 36009, My Qg + 1809, My Q5Q?

+ 180g, My Q7;, Q2 + 180g, My Q2Q7 + 1809, My Q3Q7 + 1809, My QF;, Q7

+ 18092 MyQ2 Q3 + 18092 My Q2Q3% + 18092 My Q% Q% + 1809 My Q@3

+ 1809, My Q7Q3 + 1809, My Q%, Q3 + 1809, My Q3Q3 — 2169795 M1 QuQ.,

— 2169392 My QaQu + 3249392 M1 Q 11, Qu + 3249392 My Q 1, Q. — 1089392 M1 Qo Q.
— 108979, My QqQu + 16209, My Q307 + 16209, My Q% Q% + 16209, MyQ; Q>

S+ 270ANS2T — 18( - 5(3g§MU( Q4 + Q2+ Qg) n 8g§M3> n ngl)Tr(YdY;)
+ 543 M Tr (VoY) + 9002 My Q2T (Yo ) — 9092 My Q3 Tr (Y., )

+ 90g§MUQ12Tr<YeYJ) + 1Sg%ﬁ(yj Td) 72042t (Yj Td> — 270g2Q3Tr (Yj Td>
+ 270g§Q§,dTr(Y;Td> - 270g§Q3Tr(Y; Td) - 54g%Tr(Yj Te> — 90g2Q>Tr (Yj Te)
+ 90g§Q§{dTr(Y;Te) — 90g2Q} Ty (Y; Te)

VLN ()\ (2g§MU( — Q% — Q%+ Q%,d) - 3Tr<YJTu)) + Ty (295,( Q%+ Q% + Qi) — 3Ty (YuYJ»)

+810Tt (YdY;Tde ) + 135Tr(Yde T,v] ) + 270Tr(YeYJ Ty} ) +135Tr (YquT T,v! )) (56)
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9

B = +AYY[ T, 4+ SLY Y. - ST, - 3g3T. — 202QPT. — 292Q%, 1.
S2RQIT. + WPT. + 31T (Yo ) + T (V)

18

+ Ye( =

42Ty (YJ T))

G2M; + 693 M, + 492 My Q? + 462 My Q% + 462 My Q7 + 20Ty + 6Tr(YTTd)

6
B = +2 gV YIT. + 6g3Y.Y T, +8g2Q%, VoY T, — ADPY.YT,

6 .
— 5ng YV, + 12g3T.Y]Y, — 6g2Q2TLY Y.

+10g2Q%,TeY Ve + 6g2Q7T.Y Y. — 5APT.Y] Y, — 6Y Y]V V]T.
27 9 15

5 —giT. + 59192T + 5

36
+ 5 = 192QaQcT. + 1297 2 Q2T + 189, Q3Q2T. + 109, Q7.

12
— £ 919,QaQu,Te — 6916;Q:Qu, T + —

+1803Q3Q%, Te + 10g,Q2Q% e + 892Q 7, T. + fglgpQ Qn,T.

6 18
— 29790Qu,Qu,Te + 49,Q2Q% T, + 49;‘;62?%@}1 gfgﬁQszT

5
24
- *glgpQ QT + 5 919,Qu,QiTe — glgpQH QT + > glgsz

+ 6929pQ1T + 189deQlT + 189pQ QiT. + 169pQHdQl

—8Y Y T. Y]V, - 6T.Y V.YV, + —gT.

glgpQHdT + 6929pQHd

18 ,
+ 4gpQHu Q?Tfi + 16gle Te 7glgpQ Q(I gglgpQHd QqTe
18
- 79%92QquTe + 3692Q2Q2Te + 3692QH(1Q2T€ + 369§Ql2QZTe

5
+29,Q2QT. + 29,Q%, Q2T + 29,Q7 Q2T. + 29, Q7 Q1T
+2gpQHdQ2T +29leQ1T "‘29;@ Q3T +29§QHdQ2

+ 29le Q3T + 29, Q2Q3T. + 2gpQHdQ3T +29,Q7 Q3T
36 ,

- 7glgpQ QUT + 5 glgpQHdQuT + glgleQuT +189pQ Q2

+18¢,Q%,Q0T. +18¢,Qi QA T. — 2gpQHd|A|2Te +20,Q%, AT,

+202QAPT, = AT, — 12V YT (Yay] ) - 15TV T (YY) )
2

— ST (Yay] ) + 16631 (YaY] ) + 602Q3T T (VaY])

— 6g,Q%, T. T (YdeT ) + 69,QT. Tr (Yde ) - 4Y6YJTeTr(YeYeT>

- 5TeYteTr(YeYj> + gng Tr(Y YT) +262Q2T. Tr(Y YT)

16



- QQEQ%JdTeTr (YeYJ) + QQZQ?TeTr <}/€Y6T> - 3|)“2T6Tr<YuYJ>
- 2YeYte( — 202 My Q2 + 202 My Q} + 3\ Ty + 3Tr (YjTe) + 62 My + 692 My Q% + 9Tr (YdT Td)>
— 9T6Tr(Yde YY) ) — 3T6TY(YdYJ Y, V] ) —3T.Tr (Yng Y.Y; )

- %Y (1359101 + 997 g3 M1 + 99793 M + T593Ms + 36939201 QuQ. + 369792 Mu QaQ.
+ 60g7 g5 M1 Q2 + 60g7 g2 My Q7 + 1809, My Q3Q7 + 1009, My Q:

— 18972 M1QaQ, — 189792 My QaQm, — 3093 g2M1Q.Qp, — 309392 My Qe Q,

+ 129797 M1 QY + 1297 97 My Q¥ + 30959, My QFr, + 30939, M2QF,

+ 18095 My Q3Q7%;, + 10092 My Q2Q3;, + 8095 My Q7y, + 129792 M1QeQH,

+ 120702 MuQeQu, — 69792 M1Qp,Qu, — 69792 My Qu,Qn, + 4093 My Q2Q3%;,

+ 4095 My QY Q% — 189792 M1QaQ1 — 189792 My QaQ: — 549792 M1Q.Q

— 549792 My QeQi + 2493 92 M1 Qu, Qi + 2497 95 My Qu, Qi — 693 9 M1 Qu, Q1

— 69792 My Qpu, Q + 2497 92 M1 Q7 + 249792 My Q7 + 309592 My Q7

+ 309392 Mo Q7 + 1809, MyQ3Q7 + 1809, MyQZQ7 + 1609, My QY Q7

+ 4095 My Q7r, Q7 + 1609, My Qjf + 3697 g2 M1QcQq + 3697 92 My QeQq

—18¢7 9, M1Qp,Qq — 1891 9s My Qu,Qq — 1897 g2 M1 QiQq — 189797 My QiQq

+ 3609§MUQ§Q3 + 3609§MUQ%[(1Q(21 + 3609§MUQ12Q§ + 209§MUQ§Q§

+ 209, My Q7;, Q2 + 209, My Q7 Q2 + 209, My Q2 Q7 + 209, My Q7;, Q7

+ 20, My Q7 QF + 209, My Q2Q3 + 209, My Q%, Q3 + 209, My Q7 Q3

+ 209, My Q2 Q3 + 209, My Q7y, Q3 + 209, My Q7 Q3 — 7297 g5 M1 Q. Q..

- 729%912)MUQ6QU, + 369%912,M1QHdQu + 369%912,MUQHdQu + SGQ%Q;MlQlQu

+ 36979, My QiQu + 1809, My Q? Q7 + 180g, My Q%;, Q% + 1809, My Q7 Q-

+ 30AN2T + (10(39§MU( Q%+ Q3+ Qﬁ) + 89§M3) - ngMl)Tr(YdY;)

+ 69200, Tr (VoY) + 10020My Q2T (Vv ) — 1092 My Q3 Tr (Y., )

+10g2 My QP Tr (YeYJ ) n 2ngr(Yj Td) — 80g2Tr (Yj Td) — 30g2Q2Tr (Yj Td)

+3092Q%, Tr (Yde) — 30¢2Q2Tr (YdT Td) — 62Ty (Yj Te> —10g2Q2Tr (YjTe)

+1092Q%, Te (VI T.) - 1092Q7 T (YT, )

—5A* (A (2g§MU( Q% — Q2+ Q%{d) - 3Tr(YJTu)) + Ty (293( — Q% + QY. + Q§> - 3Tr(Yqu)>)
n 90Tr(1/deTdeT ) +15Tr (YdYJTqu ) +30Tr (YeYeTTeYJ ) n 15Tr(YquT 1Y} )) (58)

6
By = 29T M + 6G3 Mo + 492 My Qg A+ 493 My QA + 47 My Q2
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2
B =
1
- 5\A|2( - 3TA( - 15Tr(YeY;) +2092Q%, + 2062Q%, + 3093 — 45Tr (Ydyj ) - 45Tr(YuYJ ) + Gg%)

3
+ 1 ( — 29 — 303 — 202Q%, — 202Q%, —202Q% + 1200 + 3Tx (Yav] ) + T (vev)
+ 3T (YuYJ))

+6ATE (Yde) 4 2NTY (YJTe) 4 6ATr (YjTu)

—50A2\*2T,

+ 2)\(15Tr (YT Te) n 2Og§MUQfHd + 2092 My Q%, + 30g3 M, + 45Tr(ydT Td> 4 45Ty (YjTu) + 691M1)>

207, 9,, 15 18 12
+ T)\( 50 91 + 59192 + 592 - *glgdeQHd - glgpQ Qua+ % —919,Q%,
18
+6959.Q%, + 189,Q5Q%, + 695 Q2Q%, + 89,Qt, + —919-QaQn,,

5

18 12 12
+ —0192QeQn, — —9197Qu,Qu, + —919:Q7r, + 6959, Q7r, + 189, Q7Q%,

5 5 5
FP 18 18
+ 69, Q2Q%, +895Q%, Q% +89,Q, + *glgpQHsz glgpQH Qi

18 18

+120,Q%,Qf +120,Q%, Q7 — — 919,Qu.Qq + — 916, Qu, Qg + 369507, Q7
+369,Q%, Q2 + 18g,Q3Q% + 69,Q2Q2 + 69,Q7, Q2 + 69,Q7, Q2
+12g0Q7Q2 4 369,Q2Q2 + 69,Q4 + 29,Q7,QF + 295Q%, QF + 29,Q2Q7

+ 2gpQHdQ2 + 2gpQH Q5+ 2gstQ2 + 2gpQHdQ3 + 2gpQHuQ3

36 36
+20,QQ8 + gglg,,QHdQu — = 919,Qm, Qu + 180,07, Q' + 189,Q%, Q3

5
+180522Q% — £ (—5(302( ~ @, + Q3+ @3) + 893) + g2 )T (vav])

+ %(393 + 5g§( — Q% + Q2+ Q%))Tr (YEYJ) + gngr (YUYJ> + 16¢2Tr (YUYJ)
- GgiQiuﬂ(Yqu ) - 6g§Q§Tr(YuYJ ) +6g2Q2Tr (YUYJ) - 9Tr(YdeT Yo )

— 6Tt (Yde Y, Y] ) — 3Ty (YJJ Y.Y} ) — 9Ty (Yqu Y,V ))

- —A(207g M, + 45¢2 g2 M, + 452 g3 M, + 375g3 My — 9092 g2 My QuQ,

— 9093 9p My QaQu, — 90g; 92 M1QeQr, — 9097 9, My QeQun, + 6097 9, M1 Q7

+ 6097 g7 My Q¥ + 15093 95 My Q3 + 1509595 M2 Q7 + 9009, My Q3Q%,

+ 3009, My Q?Q%, + 4009, My Q1 + 9093 97 M1 QaQr, + 90979, My QaQu,,

+ 9097 92 M1QeQm, + 909792 My QeQr, — 6093 92 M1Qu,Qu, — 6097 9o My Qr,Qn,
+ 609795 M1QF, + 609795 Mu Q7 + 150959, My Q3. + 1509597 M2QF;,

+ 9009, My Q3Q%,, + 3009, My Q2Q%, + 4009, My Q3;,Q%, + 4009, My Qi;,

18



(1

)

K

2

)

€ ~—

+ 909795 M1 Qr, Qu + 9097 9o My Q e, Qu — 9097 g2 M1 Qr, Qi — 9097 92 My Qr, Qi
+600g, My QF;,QF + 6009, My QF;, QF — 909795 M1Qu, Qg — 9097 95 My Qr, Qg

+ 9097 g2 M1Qw, Qq + 9097 g2 My Q 1, Qq + 18009, My Q% Q7 + 18009, My Q3r, Q

+ 9009, My Q7Q7 + 3009, My Q2Q? + 3009, My Q3;,Q7 + 3009, My Q3r, Q2

+ 6009, My Q7 Q2 + 18009, My Q2Q?2 + 3009, My Q?: + 100g, My Q7;, Q3

+ 1009, My Q3y, Q1 + 1009, My Q3Q7 + 1009, My QF;, Q3 + 100, My Q7r, Q3

+ 1009, My Q3Q3 + 1009, My QF;, Q3 + 1009, My Q7r, Q3 + 1009, My Q303

+ 18097 g2 M1 Q 11, Qu + 18093 g2 My Q 1, Qu — 18097 92 M1Q 1, Qu — 18093 g2 My Qr, Qu
+ 9009 My Q%, Q2 + 9002 My Q% Q2 + 9002 My Q2 Q2

~10( —5(302Mu (— Q% + Q3 + Q2) + 893 My ) + g20 ) T (YaY])

+10(3g3 M + 5g2My ( — Q% + Q2+ QF) ) Te (Yox[ ) + 20020, Tr (v, Y

+ 4OOg§M3Tr(YuYJ) - 15Og§MUQ§{uIY(YuYJ ) + 15Og§MUQ§ﬁ(Yqu)

+ 15092 My Q2 Tr (YuYJ ) +10g%Tr (Yj Td) — 400g2Tr (YJ Td) — 15092Q3Tr (Yj Td>
+15092Q%, Tr (Yde) — 1502Q>Tr (Yj Td) — 3062Tr (YJ Te> — 5og§Q§Tr<YJ Te)

+ 50g§qudTr(YjTe) - 5Og§Q%ﬂ(YgTe) - 2Og§ﬁ(YJTu) - 4OOg§TY(YuTTu)
+15092Q%, Tr (YJ Tu) - 15Og§Q2Tr(YJ Tu) - 15Og§Q3Tr(YJ Tu>

+ 450Tr(YdYTTdY*> n 150Tr<YdYT T, YT) + 150Tr< Y.YIT, YT) T 150Tr( YTTdYT)
+ 450Tx (Yuyj TuYJ))

= (=203 (@ + Q3+ Q3) + Inl?) T + 4920 (@3 + Q3 + Q3

2
@ = 202 (QF + Q3 + @) Inf? (204un - 373

— 298 (203,07 + 20%, Q3 + 6Q7Q% + 15Q2Q% + Q2Q3 + 301 + 20%,Q3 + 203,43
+6Q7Q3 + 18Q5Q3 + Q103 + 2Q1Q3 + 3Q5 + 2Q7;, Q3 +2Q7;, Q3 + 6Q7 Q3

+18Q203 + Q203 + 20303 + 20303 + 304 + 903 (@} + Q3 + Q) +302 (1 + @3 + @)

+9Q1Q2 +9Q3Q2 +9Q3Q2 ) (4Mur — To.)
10 5 4o

— —RKZRM2T,
27/45 K

13 16
= 42V, Y Ty + 4Y, Y T, + T,V Yy + 5T,V Y, — 1—59%Tu — 3¢2T, — EggTu

—292Q%, Tu — 29,Q2T, — 29,Q0T, + |N*T, + 3TuTr(YuYuT)
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26
1Y, (QA*T,\ +4g2 My Q% + 492 My Q> + 46> My Q2 + 693 Ms + 6Tr(Y T, ) oM+

%) + 91Y YTy +462Q3Y, Y Ty + 492Q%, Y. Y Ty

- 4gpQgYquTd - 2|)‘|2YUYTTd *glMlY YTY
— 1203 0MLY,Y]Y, — 122 My Q% Y, YV, — 42 MyQ2Y, Y] Y,
6
+49 My QLY. Y, Y, + gg%YuYJTu +693Y, Y T, +8¢2Q% Y. YT,
— 4PV YT, + 59 T Yy + 2g2Q3T, Y] Y,
+202Q%, TuY, Ya — 22 Q2T Y [ Yo — NPT, Y, Yy
+12¢3T,Y,}Y,, + 10g2Q% T, Y, + 642Q2T, Y} Y,
— 692Q2T,Y,}Y, — 5|A\PT,Y]Y, — 4, Y] Y, Y] T,
— 2V, Y]V YIT, — av, YT,V — av, YTy Y, - 6y, VY, YT,
274
-8V, YT, Y]V, — 21, YV, Y]v, — 4T, Y]V, VY, — 6T, YV, VY, + =2 3 4

450
15, 136 16 18 ,

5 92T+ 9105 Tu + 89203 Tu — 5 93Tu + = 019,QaQu, T

18 6 12
- gﬁQEQeQHuTu = £919,Qm,Qu, T + + 919, Q%, Tu + 6939,Q%, T

+189,Q3Q7%, Tu + 69,Q2Q%, Tu + 4g§QHdQH,jT + 8gpQH
18

- gglgpQH QlT +12gpQH QZT + glgdeQq U+ glgpQ Qq
2 6

- *gfgf,QHquTu + 49%912)QHUQ<1 5glgleQqT + glgpQ2

5

32

+6959,QqTu + 5939, QqTu + 189,Q3Q2T, + 6g,QQT,

+40,Q7%, QT + 409,Q%;, Q2T + 12,Q7 Q2T + 4092 QT + 29,Q%;, Q2T
+200Q2Q2T, + 295 Q% Q3 Tu + 295 Q2Q3 T, + 29,Q%, Q3T

o
+29,Q2Q3T, +29§QH Q3T + 20, Q05T — = 919,QuQuT.

24 44 24

76
glgquQuT - T,)glgpQQT + ggsgpQQT + 189deQ2

- GgerQZTu +490Q%, QT + 229,Q%, Q2 T, + 12g3Q7 QA T,
+549,Q7 Q0 T + 29, Q2Q0 T + 20, Q1 QL T + 29, Q3Q5 T

+ 20, Q3Q0 T + 2295 Q4 T + 207 Q71, I\ Tu — 2,Q7, [N T,
+202Q2 NPT, — BAZAT2T,, — 6AY, Y, Y, Ty — 6Y, Y] TdTr(YdeT )

+9193Tu +

20

91 Tu

32

3

9§M3)

(63)



= 3TV YaTe (Yav] ) = sART T (Yav]) - 2vay  Tume (Vv

— TquYdTr(YeY;> NPT Tr(Y YT) 12V, YT Tr(Y Y’f)

- 15TuYJYuﬁ(YuYJ) + 5ng Tr(y YT) + 16627, ﬁ(y YT)

— 662Q%. T, Tr (YUYJ) +692Q2T,, Tr(Y YT) +6g2Q2T, ﬂ(y YT)

+Y,Y] Yd( ONTY — 2Ty (YJ Te) — 46> My Q2 — 462 My Q% + 49> My Q2 — 6Tr (Y*Td)

— 18V, Y] Yuﬁ(yj Tu) — 3T, Tr (YdYJ Y,V ) - 9TuTr(Yqu Y,V )

2
TR (274391*1\41 + 225¢%2 g2 M + 68097 g2 My + 68097 g2 M3 + 1800932 g2 M3 — 800g3 M3
+ 225¢7 g3 My + 337595 M + 18009593 M> + 8109797 M1Q4Qn,, + 81097 92 MyQaQ,

+ 81097 9 M1 Qe Q. + 8109792 My QeQr, — 2709392 M1Q 1, Qr, — 27097 95 My Qu,QH,
+ 5409795 M1 QF, + 54097 g2 My Q3 + 1350959, My Qy, + 13509597 Mo Q7

+ 81009, My Q3Q%;, + 27009, My Q2Q7;, + 18009, My Q%;, Q% + 36009, My Qj,

— 810972 M1Qw, Q1 — 81097 g2 My Qpr, Qi + 54009, My Q3 Q7F + 27097 95 M1 QaQq

+ 27097 95 My QaQq + 27097 95 M1 Q. Qq + 2709195 My Q. Qq — 90979, M1 Qrr,Qq

— 9097 92 My Qr,Qq + 90093 g2 M1 Qr, Qq + 90097 92 My Qrr, Qq — 27097 g2 M1 Q1 Qg
— 27097 g2 My QiQq + 30097 g7 M1 Q7 + 240093 g5 M3Q:; + 30097 g2 My Q>

+ 135095 9. My Q2 + 24009392 My Q2 + 135095 g2 M Q7 + 81009, My Q5Q7

+ 27009, My Q2 Q2 + 18009, My Q7;, Q2 + 180009, My Q% Q2 + 54009, My Q7 Q2
+ 180009, My Qg + 900g, My Q% Q3 + 9009, My Q3 Q3 + 9009, My Q% QF
+900g, My QgQ7 + 9009, My Q% Q3 + 9009, My Q5Q3 + 9009, My Q7;, Q3

+ 9009, My Q2Q3 — 108093 g7 M1 Q4Qw — 108097 92 My QaQu — 108097 g2 M1 Qe Q.

— 108047 95 My QeQu + 36093 g2 M1Q 1, Qu + 36097 g2 My Qpr,Qu — 198097 g2 M1 Q 11, Qu

— 198047 92 My Q #r,, Qu + 108097 g7 M1 Qi Qu, + 108047 g7 My Qi Qu — 16207 g7 M1 QqQu
— 162047 95 My QqQu + 264097 g2 M1 Q7 + 24009392 M3Q:, + 26407 95 My Q>

+ 240093 97 My Q, + 81009, My Q3Q7 + 27009, My Q2Q7, + 18009, My Q% Q-

+ 99009, My Q7;, Q% + 54009, My Q7 Q3 + 243009, My Q2Q7% + 9009, My Q2 Q%

+ 9009, My QiQ% + 9009, My Q3Q7 + 9009, My Q3Q7% + 99009, My Q' + 1350AN*>T)
+ 90(29 M + 5<3gpMU( Q4. + Q>+ Q2) + 82 Mg))Tr(YuYJ)

42250 (TA( - 29,3( — Q% + QY+ Qf) 43T (Yde) Ty (Yeyj))

+ A(292MU( - Q% + Q% + Q?) +3Tr (Yde) + Tr(YJTe)))
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- 1809%Tr(YJ Tu) — 3600¢2Tr (YJ Tu) +135092Q% Tr (YJ Tu) — 135092Q>Tr (YJ Tu)

_ 1350g§Q3Tr(YJTu) +675Tr (YdYJTquT ) n 675Tr(YuY;TdYJ) + 4050Tr (YquTqu )) (64)

3.6 Soft-Breaking Scalar Masses

3
o1 = \/;91 ( — 2Tr(m3) — Tr(mlz) — qud + m%[u + Tr (mfi) + Tr(mg) + Tr (mi)) (65)
o1 = g (2%, Qu, + 2%, Qu, +mEQq +m?, Q1 +m?, Qs+ m2, Qs +3Q4Tx (m3) + QT (m?) +2QuTr (m?)
+6Q,Tr(m2) +3QuTr(m?) ) (66)
1
o211 = Eg% <2Tr (mﬁ) + 3Tr (mf) + 3m%,d + 3m%{u + 6Tr (mi) + 8Tr (mi) + Tr (mi)) (67)

rose= oy (20 (02) 0 Q- Q) Q1) —un(n) ()

(68)
11
Osn = oo ——=g1( = 99im¥, — A5g3miy, + 9gimiy, + 45g3m%, — 60g2mi, Q%, + 60gZm%, Q%
20 /15
+ 30( —mZ, + mi,d) A2+ 4(15g§Q3 + 2092 + g%)Tr (mfl) + 3692 Tr (m2) +60g2Q>Tr (mz)
— 99%Tr(ml2) — 45g3Tr (mf) — GOginQTr (mf) + ¢?Tr (mg) + 45g3Tr (mi) + 80g§Tr<m§)
+ 60g§Q§H(mg) - 3zg%ﬂ(m3> - 16Og§Tr(m3) - 120g§QiTr(m3) + 90m§,dTr(Yde )
+30m3, Tr (YGYJ ) — 90m?%, Tr (YUYJ ) — 60Tr (Yde mg*) - 30Tr()cmz§*ydT )
— 60T (Y m2*) + 30T (Vom Y[ ) +120T (Y, ¥ m3) = 30T (Yum2' Y] ) ) (69)
1
022 =3 (3T‘r(m3) + m?qd + m?qu + Tr(mf)) (70)
1
a5 = §<2Tr(m3) +ﬂ(m§) +Tr(m3)) (71)
3
o241 = \/?919;;( —2Q,Tr (mi) — m%{dQHd + quuQHu + QdTr(mg) + Q. Tr (mg) —Q;Tr (m%) +Q,Tr (mg))
(72)

02,11 = 92 (2%, O, + 2y, Q. + m3Q2 +m?, Q3 +m?,03 + m?, 03 + 3Q3Tx (m3) + Q2Tr (m?)
+ 2Q%ﬂ(m§) +6Q2Tr <m§) + 3Q3ﬂ(m§)) (73)
1
034 = %gp( - 5(m§1Q1 +m2,Qz + miQs) ||

+9(393miy, Qu, + 15g3m¥, Qur, + 20g3miy, Qly, + 39iméy, Qu, + 15g5miy, Qu,
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+20g;m, QY + 10g5mEQ3 + 10g7m2, Q7 + 10g7m?, Q3 + 10g7m?, Q3

—10(m¥, Qu, + miy, Qu, +m3Qs ) N2 +2Qu (1562Q3 + 2063 + 63 ) Tr (m3) + 697 Q. Tr (m2)
+ 10g§Q‘ZTr<mz) + 3nglTr (mf) + 15g§QlTr (m?) + ZOgiQ?Tr (m?) + gf@{fr(mi)

+ 45g§QqTr (mg) + SOgng’I&"(mg) + GOgng’I&"(mg) +8¢71Q, Tr (mi) + 40g§QuTr(mi)
+3092Q3 Tr (mi) — 30m%,Qu, Tr (Ydyj ) —10m%,Qu, Tr (Yeyj) — 30m%. Qu. Tr(YuYJ)

- 30QdTr(YdeT mg*) - 30QqTr(Ydmg*Y; ) ~10Q.Tr (Yeyjmg*) - IOQlTr(Yele*YJ)

~ 30Q,Tr (YqumZ*) — 30Q, Tt (Yumﬁ*yj) ))

. 2 32
,(n% = 15911|Ml\2 §9§1|M3|2—89§Q31|MU\2 _6931|M2‘2+2m%1dY;Yd
+2m} Y1V, + 201 T, + 2T0T, + m2Y) Y, + m2Y,]Y, + 2V m3Y,

1
+ Y Ygm?2 + 2V m?2Y, + Y Y,m2 + \/—Bglml,l +29,Qq107 4

24 24
m2 = =+ 5 glgdeQq1|MU|2 *919;;@ Qq1|MU‘2 - *glgpQHqu”MUF

8 24 16

+ 5glg,DQHqulIMU|2 — fglgszqulMUIQ fgfgiQﬁllMUlz
128

+249392Q21 | My|* + nggpQQHMUF + 2169, Q3Q21| My |*

+ 720, Q2Q21 | My |* + 4891 Q% Q21| My |* + 48¢5Q%, Q21| My |

+ 14492 Q7 Q21| My |* + 4809, Q1| My|? + 249, Q2Q21| My |* + 24¢,Q2Q71| My |?
48

+ 249, Q2 Q51| My |* 4 249, Q2Q31| My |* — gg?g,?QunllMul2

+216g,Q2 Q01| My |* + 91921|M2|2 + 3395 1| Mo |* + 3293931 | Mo

+ 2493 92Q21 | Mo

- %gg( - 15(392 (2M3 + Mg) + 42 <2M3 + MU)Q - 893M3> — g (2M3 + M1>) 1M
+ 2 REMQuQAM + 22020 Q@AM — S22 MiQu, Q1M

+ %gfgf,MlQHqulMZ} 152g1gpM1Qqu1MU + 29192M1Q21M5‘}

+ S REMQIM; + 120302 QM — 2 M QQuIME + £ gl M 1M

4
+ 169595 M3 103 + 12636, MyQGLM; + = gtmiy, Y[ Ya + dggmiy, Q3Y [ Ya
+4g2m3; Q3 Yi Yy — 4gPm3 QY] Yy + 8g2Q3 | My Y] Yy
+897Q%, My Y] Yy — 8¢2Q7 | My *Y Ya — 4mi;, NV, Yy
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—2m% [A\PY] Yy — 2m3|NPY Yy - 2T Y Yy
— A2 QIMEY Ty — 492Q%, My Y[ Ta + 497 QI MY, Ty
8

—\TEY )Ty + s gim3 YV, +4¢’m¥ Q% Y1V,
—4gimy QAY.IY, +4gmy QRYIY., +8g7Q%, IMy Y[V,
—8g2Q2 | My |*Y Y. + 8g2Q% My |PY,} Y., — 2m¥; APY,]Y,
—dm3; \PYY, — 2mi\PY Y, — 21T Y Y,

1 *
+ M ((597ng1
+ 5(4 (395 (2M1 n MU)Qq (10Qq —18Qu — 3Qu, +3Qu, +9Qu + 9Q. — 9Ql) + 4g2 <2M1 + Mg)) + 92 (2M1 + MQ))) 1
+ 180 <2M1YdT Yy — 2YIT, + 4MY]Y, — Yde))
—4g2Q%, MGYIT, + 4g2Q2MG YT, — 4g2 Q2 MG YT,

4
S MT Y — Agg My Q3T Ya — Agy My Q% 7)Y

4
+ 4, My QT Ya + i T T+ 495 QT I Ta + 49, Q3 Ti T

— T}YIT, —

8
— 4G, QTITy — 2NPT Ty — LiMIT]Y, — 4, My Q3 T]Y,

. 8 .
+4g; My QiTIY. — A MuQiTIY, + £ gt TI T, + 49,Q%, TiT,

2
—4¢2QTIT, + 4g2QTIT, — 2|\ T} T, + 5gfm§YJYd
+202Q3m2Y Yy + 2g2Q%, m2Y Yy — 262 Q*m2Y,] Y,
4
— IAPm2Y] Yy + ggfmgyjyu +202Q% miY[Y,
—202Q2m2Y,[Y, + 22Q2m2Y, Y, — NPm2Y]Y,
4

+= GYIm3AYy + 4g2Q3Y, m3Y, + 462 Q% Y, im3Y,
2
5
+2g2Q3Y ] Yam?2 + 2g2Q% Y Yam? — 202Q2Y [ Yym?

—4g2Q2Y m3Y, — 2\PY,m3Y, + Z gV, Yym?
8

— IAPY Ygm? + ggfyjmin +492Q% Yim?Y,
— 4G QY ImIY, + 4, QA Y Im2Y, — 2\ PY I mlY,

4
+: Y Yum? +202Q7% YIVum? — 252Q2Y, [V, m]
+2g2Q2Y Vum? — INPY[Yum?2 — 8m3, Y] VY] Y, — AV Y TIT,
—AY T T Yy — 8m%, YV, VY, — aViY, TiT, — avi T, 1]V,
— ATV YT, — ATIT, Y] Y, — 4TIV, YIT, — ATIT, Y] Y,
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—2m2Y VY, Yy — 2m2Y VY Y, — 4v m3Yay] Y, — 4y Yyam2Y Y,
— 4V Y Y m3Y, - 2Y YV Yym? — 4y m2Y, Y]y, — 4V v, m2Y]Y,
— 4YJYUYJm2Y — VY, Y[ Vum?2 — 2N TV Ty — 2N TS Y, T + 6g3los

32
+ §g§102,3 +

1
+ 4= 011031 + 89, Q01054 - 12m% Y Y, Tr (YdeT ) — 6T Ty T (Ydyj)

1 2.2
1591 ilog11 + 4\/Eglgqu102,14 + 4\/ﬁg1gqulU2,41 +89,05102,44

— 3m2Y Y, Tr (YdeT ) — 6Y m2Y, Ty (Yde ) — 3] Yym?Tr (YdeT )
— 4m?, VIV Tr (Yeyg) — Tt Tdﬂ(yeyg) — m2Y] Yy Tr (YEYJ)

— 9V m2Y,Tr (YYT) — Y Yum2Tr (Y;YJ) —12m3, YJYuTr(YuYJ)
— 61T, Tr (Yuyj ) — 3m2Y,Y, Tr (YuYuT ) — 6Ym2Y, T (YuYJ )

=3V IYumTe (oY) ) = 6T va e (Vi) - 21 vame (YT,

— 6T1Y, Tr (YT Tu) — 6Y Ty Tr (T;YdT) — 6Y] Y, Tr (T;T;j” )

- 2YdTTdTr(T YT) — QYTYdTr(T TT) —6YIT, Tr(T YT)

—6Y] YuTr(T TT) — Y] Y, Tr (dedYT) — VY, Ty (mﬁyeyj )

= VaT (mpvY.) - 6V vame (m2viva) - 6V v T (m2viY.,)

—6Yly, Tr(m Y, YT) (76)
BY) = —2 21| My |2 — 8¢2Q21| My |* — 6¢21| Ms|? + 2m%, Y1V, + 2TH T, + m2Y]Y,
2 = 91 1 9y Qi1 My |* — 6931 |Ms|? + 2m3;, + Yo Ye
3
+ QY;ngYe + YeTY;mZQ — \/;gl 1o11+29,Qi101 4 (77)
18 9
67(3 += 5 97951 Ma|? + 33951 | Ma|* + 2492!]le 1|Mo)? + 59192M11M2

.12

+ 12¢392 My Q7 1M; + ggfqudYJYe +4g2my, QY Y.

+4g2m3;, Q% YIY. — Ag2mi Q7YIYe — amiy |NPY]Y.

- 2m2 APYIY. = 2md A PYIY. - 2T PYY.

+ g2 (3Qu( g (2My + 24,) (3Qu + 3@ +3Q, — 4Q1 — 6Qu — Qi + Q)

+5@Qu (202 Mo (18Q2 + 203, +20%, +3Q +8Q}F +9Q3 +9Q2 + Q7 + Q3 + Q3 + Q3) + g3 (2My + M) ) )1
5(— QP +Q2+ Q%) (2o, - YIT))
3

+ oegiM; (2079301 + 5 (363 (2000 + My ) + 492 (261 + My ) Qu( = 3Qu — 3Q. — 3Q, +4Qu +6Qu — Qu, + Qi ) ) )1
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+40MYTY, — 20V} Te>

—2\T}YIT, — %ngng Ye — 42 My Q2T]Y, — 42 My Q7 T1Y.
+ 492 My QiTIY, + %2
—4g2QITIT, — 2]\*T]T. + ggfm?YeTYe +2g2Q2miY] Y,

GRTIT, +4g2QTI T, + 492Q% T/ T.

+20,Q,mi Y Ye = 200QimiY Y. — NPmiY]Y.
12
+ Eg%YngYe + 49;2;QgYeTm§Y6 + 49§Q%{dYngY;
—AGQY I, 2NV m2Y, + Soiv Yom?
+ 20, QY IYomi + 205Q%, Y Yemi — 203Q7 Y Yemi
— NPYYem} — 8m, YIV.YIY, —AY]Y.TIT. — 4YIT.T]Y.
—ATIY.YIT, —ATIT.Y}Y. — 2m}YIY.Y]Y, — 4V m2Y.Y]Y,
—AYJY.mPY]Y, — 4V V.Y m?2Y, — 2V Y. Y. Yom? — 2N T Y. Ty + 6931092
6, 3 3 ) 3
TR0 log11 —4 5919;9@1102,14 -4 gglgle]-UZAl +89,Q; 102,44 — 4 391103,1 +89,Qil034
—12m2, Vi YeTr(Yde ) — 6TIT,Tx (Ydyj ) — 3m2YIY, Ty (Yde )
— 6Ym2Y, Tr (Yde ) — 3V Y.m?Tr (YdeT ) — dm% YV, Tr (YCYT>
- 2TjTeTr(YeYj) - leYETYeTY(YeYJ) - 21;Tm§YeT1~(me)
— Y Y,m2Tr (Yeyg ) — 6T YeTr(YdT Td) — oY, T (YeT Te)
— 6T, Tx (T;YdT) — YV, Tr (T;TdT ) oYIT T (T; Y€T>
—ovi YeTr(Te*TeT ) —6Y! nTr(mlede ) — oyt YeTr(mﬁerg )
vy, Ty (m%Y; Ye> — YV, Tr (mgydT Yd> (78)

m

B, = ~ SN — 8g3Q%, IMul? — 63| M + 2m IAP + 2 AP + 2m3 A + 2/T3
_ § 2 T 2 i * T swrpT
\/;910'1,1 +29,Qp,01,4 + 6deTr(Yde> n 2deTr<YeY€ ) 4 6Tr (Td 77 ) 4 oTr (Te 17 )
+6Tr (m3YaY] ) + 2Te (m2YoY] ) + 2T (mfYI Y. ) + 6Te (m2Y]Va) (79)
52) =+ RBIMLI + 3398l + 24530208, M — Ag2my, QNP
—dg2miy, Q3 AP — 4g2mEQY, N + dgim, Q% NP + dgimy, Q% N

+4gymE QY [N + 4gymiy, QA + dggmiy, QA + 4gymE QTN
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9
—4g2Q% I Ta[* + 4g; \2 + 4gpQ2\TAI2 + 9192M1M2
2 2 2 * 2y %,2 2 *,2 2y %,2 2 2 *

6 3
- 49pMUQH AT — 49pMUQ2>\T>\ - 24|>\| TXTy + 69202 2+ 59102 1 — 4\/;919pQH402,14

- 4\/§g1gpQHd02,41 + 89, Q%, 02,41 — 4\/39103,1 +89pQm,03,4 — ggfmildTr (YdeT)
+32g3m% Tr (YdeT ) +12g2m3, Q3 Tr (YdeT ) —12g2m%, Q%, Tk (YdY;)

+ 1zg§m§1dQ§Tr(YdY; ) + 6462 | M; > T (Yde ) + %gfqudTr(YeYj)

+ 4g2m, Q2Tr (VoY) = dg2m¥, Q3 T (VoY) ) + 4g2miy, QT (oY)

- Gqud|/\|2Tr<YuYJ) —12m%, |)\|2Tr(YuYJ) - 6m§|A\2ﬁ(YuYJ)

- 6|T,\|2Tr (YUYT> - 329§M§Tr(YTTd)

+ = 25 giM; (621g§‘M1 + 90g5 My + 4595 My — 36092 M1QaQn, — 1809, My QaQ 1, — 36092 M1Q.QH,

— 18092 My QeQm, + 24097 M1Q7;, + 12092 My QY — 12095 M1Qp,Qr, — 609, My Qa,Qr,,

+ 36092 M1Q 1, Q1 + 18092 My Qr, Q1 — 36092 M1Q 1, Qq — 18092 My Qu,Qq + 72092 M1Q 11, Qu
+ 36092 My Qr,Qu — 40M; Tr (YdeT ) +120M, Tr (YeYJ ) + 20Ty (Yj Td) — 60Tr (Y; T))
g2 (997 M1QuQu, — 1863 MuQuQu, — 993 MIQ.Qu, — 1897 MuQeQu, + 69701 Q%
+120i My Q3 + 3093 My Q% + 1595 M2Q%;, + 27092 My QAQ%, + 9092 My Q2 Q%

+ 12092 My QY;, — 39iM1Qu,Qn, — 69iMyQu,Qu, + 6092 MyQ3;, Q% + 99 M1Qw, Q)

+ 18gi My Qu, Qi + 180g; My Q%,QF — 997 M1Q1,Qq — 18¢T My Q 1, Qq

+ 54092 My Q3;,Q2 + 309, My Q7;, Q2 + 3092 My Q7;, Q7 + 3092 My Q7,,Q3

+ 3092 My Q% Q3 + 1862 M1 Q 11, Qu + 3697 MyQ 1, Qu + 27092 My Q% Q2

=5( = Qi — @2+ Q% )N (2MuA - T ) + 30My (- Q%, + Q3 + Q) Tr(YaY])
+ 10MUQ§Tr(YeY; ) - 1()MUQ%,dTr(YeYJ ) +10MyQ*Tr (Yeyg ) - 15Q3Tr(yj Td)
+15Q% Tr (YdT Td> —15Q2Tr (Y; Td) ~ 5QTr (Yj Te) +5Q%, Tr (YJTe)

- 5Ql2r1-\r (}/eTTe) )

- GAT;Tr<YJ Tu) + ZgM T (Td Y, ) — 32¢2M;Tr (T;YdT) - 12g§MUQ3Tr(T;YdT)

4
+ 12g§MUQ§IdTr(T;Yd ) —12g MUQ2Tr(Tde ) - gngr<TdeT> +329§Tr(T;;TdT)
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12
+ 12g§Q3Tr(T;TdT ) - 12g§Q§IdTr(T;TdT ) +12¢2Q7Tr (T;;TdT ) - Eg%MlTr(T:YeT)
— g2 My Q2T (T V) + 492 My Q3 Tr (T2, ) = 4g2My Q3T (T2 V)

12 . , . \
gt e (T ) 4+ 4g2Q2Te (1T ) — 4g2Q3, Te (11T ) + 4g2Q7 T (1777

4

— 6A*T\Tr (T;YUT) — 6|A[Tr (T;TuT ) — Zgtr (mgdej ) + 32g§Tr(m§Yde)
+1262Q2Tx (mgydyj ) —1262Q%, Tr <m3YdYJ ) +1262Q2Tr (mZYde )
12
5

, 12
+42Q T (m2YoY] ) + gt (mPYIY. ) + 4g2Q2 T (miY Y. )

+ 5 ot (mdYy]) + agiQI T (m2ov]) — agiQh, T (m2v.Y,)

—4g,Q%, Tr (meJYe) +4g, Q7 Tr (m?YJYe> - %ngr (mﬁYJ Yd)

+ 8203 (m2Y Y2 ) + 120203 (m2V] Va) — 122Q%, Tr (m2v[Ya)

+1202Q2Tr (m2Y[Ya) = 6ARTe (m2Y,[ Y, ) — 6APTe (m2 v, )

— 36m%, Tr (Yav av]) — 86T (Yay Tur}) — omi, T (vaviviv])

—om%, T (Yav,vv] ) - 6T (Va1 T) ) — 36Tx (VaTTav] )

_ 6Tr(YdTJTqu ) _ 12m§,dTr(YeY; YJJ) — 12Tr<m/; 1,71 ) — 12Ty (YeTjTeYJ)

= 6Te (VoY Tt} ) - 6T (VT Tav) ) = 36T (m3vavvav]) - 6Te(m3vaviv,vy)

— 12Ty <m§YeYj YY) ) — 12Ty (m%YJ VAR Y) — 36Tr (mgydf YY) Yd) — 6Tt (mgyj Y, v Yu)
—6Tr (mgyj Y,Y] Yd) — 6Tr (mgyuyj Y,vi )

6
Bt = —2 91 IMII* = 8g3QA, | Mul® — 693 Mal” +2miy, A1 + 2m, AP + 2P + 2|73

mi,
3 \
+ \/;glal,l +20,Qu, 014+ 6m§{u”ﬂr(Yqu) 4 6Tr (TuTuT> + 6Tr<m§YJYu) + 6ﬂ(m3Yqu)

> 18

Bt =+ 9103 1Mol + 3393 |Ma? + 249393 Q%, Ml + dghmi, QN
+dgymiy, QN + 4gymsQ, [N — dgumiy, QAP — dgymiy, QFy,

? + 4gym§ Q7N

— 4g;m§QY, [N* + dgymi;, QYN + 4gpmi;, Q31

9 .
+492Q%,|IT\> — 4g;Q%, IT\|* + 4g2Q2|Ta|* + 59%9§M1M2

+12g592 My Q3 M3 — 12m7; N A™% — 12m3; APA™% — 12mgA*A"?
—4g> My Q3 AT + 492 My Q7 T — 492 My QINTy — 24| AT Ty + 695022

A2
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+ gg%@,u + 4\/§glgpQHuU2,14 + 4\/§glgpQHu02,41 + 8926212%02,44 + 4\/?9103,1 +89,Q1,03,4
- 12m§,d|A\2Tr<Yde) - 6mﬂu|)\|2Tr(YdeT) - 6m25|/\|2Tr(Yde)

= 61T P (Yav ] ) — dm, NPT (vevd ) = 2mdy NPT (YY)

2 NPT (Vo) 2T (Vv ) 4 Sgtmd T (Vv + 3203 Te (v )

— 12g§m%1uQ%IuTr<YuYJ> + 12g§m%1uQ2Tr (YuYJ> + 1Zg§m%[uQiTr (YUYJ)

+ 64g§\M3|2ﬂ(Yqu ) - 6>\T,{‘Tr<YdT Td) - 2AT;ﬂ(YeTTe)

+ 21—5ng; (3 (207ng1 + 5(395 <2M1 + Mg) +4g2 (2M1 + MU)QHu (QQHU +3Qq + 3Qc — 3Q; +3Q, — 6Q, — QHd>)>
+ 80M; Tr (YUYJ ) — 40Ty (YJ Tu))

— 3202 M3 Tr (YJTU>

1My (5( — Qb + G, + @) (22~ )

+3(Qu, (93 (200 + M1) (2Qu, +3Qu +3Q. —3Q1 +3Q, — 6Qu — Qu, )

+5Qu, (202Mu (15Q2 + 2Q%, +3Q2 +4Q%, +6QF +9Q3 + 902 + Q2 + QF + Q3 + Q3 ) + g3 (2Mu + M2 ))
—10My (- Q2= Q2+ Q% ) Tr(vay)) +5( - Q2 - @2+ Q% ) Tx(viT)))

— 6T (T Y] ) = 6T (TET] ) = 20 T (1Y) = 22T (T 7))

- gnglTr<T;YuT ) = 8203 My T (T2 ) + 1202 M Q3 T (727,

— 1202 My Q2T (T;Yf) - 12g§MUQZTr(T;Yf ) + ggiTr(T;;T[{ ) + 32g§Tr(T;Tf )

- 12g§Q§,uﬂ(T;TuT) + 12g§Q§T&"(T{:TuT) + 1zggQ3Tr(T;T5)

- 6|/\|2Tr(m§Yde) — 2 APTh (mgmf;) - 2|A|2Tr(ml2yjye)

— 6T (m2Y]Ya) + gngr(mgyjyu) + 8203 T (m2Y]Y,, )

—1202Q%, Tr(m2YY, ) +1202Q2Tr (m2Y,[Y., ) +1202Q2 T (m2Y,]Y,,)

+ gngr(mgquJ) + 32g§Tr(m3YuYJ) - 12g§Q§{uﬂ(m3YuYJ)

+ 12g§Q§Tr(m3YuYJ ) + 12g§Q3Tr(m3YuYJ ) — 6m3%, Tr (Yde Y,Y] )

—6m%, Tr(YdYJ Y,V ) — 6Tt (YdYJ T,T] ) — 6Tr (YdTJTquT )

— 6Ty (Yuyj TdTg> — 36m%, Tr(YuYJ Y, Y} ) — 36Ty (YuYJ TUTJ) - 6Tr<YuT;TdYJ )
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AN —

N

— 36Ty (YuTgTqu ) — 6Tt (mZYdYJ Y, Y] ) — 6Tt (mgyj Y,v7 Yu)

— 6Tr (mjjyj Y,Y] Yd) — 36Tr (mgyj Y, v Yu> — 6Tr (mﬁyuyj Y,y )

—36Te (m2 VY vLY) ) )
= *%ngMﬂ? - %9§1|M3|2 —892Q71|My|* + 4m% Yo + AT T

+2mAYaY + AYum2Y, + 2V,vjm3 + 2\/% glons +20,0010n 4 s
= +1L569395Q31|MU|2 + 78932,92@31|MU|2 + 26404 Q41| My |2

+ P REQQAIMP + T2 QRQRUM P — 9753 0uQm, 1My

16
+ 48¢,Q5Q7%, 1| My |* + *919deQH 1| My|? + 489,Q3Q%, 1| My |?

48 48
- 3919;)62116211|]V[U|2 + 144gdeQz 1|JWU|2 *919deQq1|MU|

+ 4329, Q7Q21| My |* + 24g,Q5Q21| My | + 249, Q7QT1| My |*
96
+ 2492 QEQ51 | My |* + 249, Q7Q31 | My |* — —glg,,cMzullMu\2
64
+ 21665Q3Q31 Mo ? — 1203 (15(203Ms — g2 (206 + My ) Q3) — g (205 + b ) )10

88 64 24 .
+ —grga My QM + — 9397 MsQa1 M + Eg%gngQdQe1MU

15 3
8 2 * 8 2 2 * 24 2 2 *
- gg1gpM1QdQHd1MU + 5919pM1QdQHu 1My — g%gleQdQllMU
24 5 4 . 48 5 5 4 +
+ EglgleQqu]-MU 5 glgleQdQulMU + 5g1deYdY

+12g3m%;, YaY,| — 8g2mi, Q3YaY,) + 8¢7m%, Q% YoV
+8g2mi;, Q2YaY,) — 16g7 Q3| My |*YaY, + 1692Q%, | My *YaY,
+ 16¢2Q2 | My |*YaY,] + 2493 |Ms YY) — 8m3, |N2Y,Y,)

4
—dm? NPYY) — am3NPYaY] — 4D PYay) - =i 2My YT
— 1263 My YT} + 897 My Q3YaT)) — 897 My Q3 VuT)
- sgpMUQZ‘YdTT
b oy M (23030701 +5(393 (2041 + Mo ) Qu(11Qu + 3(3Q0 — 301 +3Q, — 6Qu — @, + Qi) ) + 893 (201 + 1))
+90M, VY] — 45T, )
+8¢2QAMIT,Y) — 8¢2Q% MyT.Y, — 862 Q2 M T,Y,)

4
— 1262 M5 TyY, — ANTST,Y, + - ZG3TyT) +12¢3Ty T}
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— 8g2QATUT] + 8¢2Q%, TuT! + 862 Q>TyT} — ANPTT]
+ ggfmﬁYdeT +6g3m3Y Y] — 4g2Qam3Y,Y,]
+4gpQ%, mIYaY] +4g2QemEYaY ] — 2\ PmiYay]

+ ggl Yam2Y,] +12g3Yym?2Y,] — 8g2Q3Yym?Y,]
+8g2Q% Yam?2Y] +8g2Q2Yym2Y,] — A|\*Yym2Y)]

2@V + 6BV fmd — Ag2QAYaY
+462Q% YaVim2 + 4¢2Q2Y, Y Jm? — 2\ 2YaYm3

—8m% YoV, YoV — AV YITuT) — am3, Yoy v, Y]

—dm¥, YoV, Y] - av,viT, T - avuTi Ty ) - avyTiT, Y]
—ATY YT — 4Ty, T — 4Ty Tiv,Y) — ATy, Y]

—2m3Y, Y, Y Y] - om3Y Y VY] — avum?y] YY) — avumly]Y, Y]
— AV Y mAYaY] — A Y Yam?2Y] — 2V Y vay m3 — av,vim?y, Y]

32
— AYY]Y,m2Y,] - 2V, YV, Y m3 — AN YT Ty + §g§10273 + 3 — 1oy,
1 1 1
+ 8\/71—5919de102,14 + 8\/71—5919;0@(1102,41 + 895@3102,44 + 8\/71—591103,1

+89,Qulos s — 24m¥, Yoy Tr(Yav]) — 120,mfme (vay])
— 6m2Y, Y] Ty (YdeT ) —12Y,m2YTr (YdeT ) — 6Y,Y m2Tr (YdeT )

_ Sm%deYJTr (YeYJ) - 4TdT¢ITT(YeYJ) —2m2Y, Y Tr (YEYJ)

— AYm2Y) Tr(YeYeT ) — Y,V im2 Ty (YEYJ ) — 12V, T Ty (Yde)
- 4YdeTr(YJTe) — 121,y Tr<T;YdT) —12v,Y] Tr(T;TdT )

AT (oY) - vy (TETT )~ 12vay T (mdvay])

—AY,YITr (miyeyg ) —AY,YiTr (ml?YeT Ye) — 12V, Ty (mgyj Yd) (84)
7(;) - —%gf M| — %g§1|M3|2 — 82Q21| My [* + 4m3; Y, Y.} + 4T, T}

+2miY, Y, +4Y,mlY, +2Y, Y, im] — 4\/%91 1011 + 29,Qulo 4 (85)
) = _%g%gdeQu”MUF - jglgpQ Qu1|My[* + ﬁglgpQHdQullMUP

- LR QM + L RRQuM - % 0,1 IMy
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704 128
+ EQ%QZQQHMUF 3 395 Qa1 My |* + 2169,Q5Q2 1| My |?
+ 7205 Q2QU1|My|? + 48¢,Q7;, Qo 1| My |* + 48¢,Q%, Q21| My |?
+ 144g3Q7 Q21 | My | + 4329, Q2Q2 1| My | + 249, Q2 Q21| My |?

+24g,Q1Q51 My |? + 249, Q3Q51| My |* + 249, Q3Q21| My |* + 2649, Q51| My |?

64 48
- (15(2g§M3 — g2 (2M3 n MU) ) . (2M3 n Ml))1M3 — S oMIQuQuLM;
48 2 * 16 2 2 * 16 2 2 *
- €Q1QPM1QeQu1MU + gglgleQHdQulMU - gglgleQHuQulMU
48 48 . 392 "
+ ggfgleQlQulMU - ggfgngQunlMU + ﬁglgleQleU
64 .4
+ §g§g§M3Q31MU — ggfm%,uYuYJ +12g5m3, Y, Y,

+8g2mi;, Q7 VoY, 4+ 8gomiy QYY) — 8g2mi; QLYY
+16g2Q%, | My Y. Y, +16g2Q2 My|*Y, Y, — 16¢2Q2 | My|*Y, Y,
+ 2403 | Ms Y, Y, — dm3, |APYLY] — 8m3 [PV, Y,
4

—4mZ |\ 2Y, Y — 4Ty 2y, YT+ gnglYuTT — 12¢2 M, Y, T}
— 892 My Q% YuT) — 8g2MyQZY, T} + 8g2 My QLY. T}
—892QY, MyT.Y, — 8g2QIMGT, Y, + 892Q2 MyT,Y,!
— 129 M;T,Y,) — AT T, Y.}
+— 225 M (4( (mgg (2M1 n Mg) — 32 (2M1 + MU) ( —22Qu — 3Qu, +3Qm, +9Q4 +9Q. — 9Q; + 9Qq)Qu) + 64292 M
n 45( MY, Y] + TuYJ))

4
— gng W+ 12¢3T, T + 892Q%, Tu Ty + 8¢2Q2T, T}
2
—@m2Y, Y, + 6g2m2Y, Y]

5
+4g2Q% mIY, Y +4g2Qim2Y, Y, — 4g2Q2m2Y, Y}

— 82 QAT T — AN’T, T} —

—2\PmiY,Y, - %le m2Y, + 12931/ m2Y,| +8g2Q%, Yum2Y,
+802Q2Y. m2Y,l — 8g2Q2Y,m2Y, — A\, m2Y,]

- %le YIm?Z +6g3Y.Y,Iml + 4g2Q% Y.Y.im

+4g2 QY Y Im?E — 4g2QLY, Y, Im? — 2|\ YuYJm

—dm3 VY]V — am? VLYYV - av, Y] T 1)

—8m¥ Y, YIV, Y -4V, YT, 1) - 4Y, T) T, Y} — 4V, TIT, Y]

— AT Y] YT — AT, Y Y, T — 4T, Ti Y Y] — a1, Ti Yy, Y

—2m2Y, Y Vv — 2mlY, YV, Y] — 4y, m2Y vy — avum2y iy,

32



— 4V, Y m3Y V) — 4y, Y Yumly] - 2v,Y] YdYJm2
2

—AY, Y mlY, Y — AV, VY, m2Y] - 2V, Y Y, Y iml — ANY, T Ty + %ggmm
+32 1 16 L Q.1 16 1 Q.1 +8¢2Q%1

o —_— wlo — 16— wlo wlo2,

1591 2,11 — \/ﬁglgp 2,14 \/ﬁglgp 2,41 9p 2,44
1
— 16——g11031 + 80, Quloss — 24m% VoY, Tr(YuYJ ) - 12TuTJTr(Yqu)
V15 .

— 6m2Y, YTy (Yqu ) — 12V, m2Y, Ty (YUYJ ) — 6Y, Y m2Tr (YUYJ )

— 12V, 1T (YITL) = 120 T (T ) - 12y, v (o))

—12Y, Y] ﬁ(mgyj Yu) —12Y, YTy (miyuyj ) (86)
24
B = — SO — 8g2QIL My + 4, VY + AT + 2m?Y.Y]
3
+AY,miY] + 2V, YV m? + 2\f5 gilor1 +2g,Qcloy 4 (87)

9 12
5;% =-+ gimy;, YY) + 12g3m3y; Yo — 8g2my, QFV.Y]
+ 8gmmiy, Qy, YeYd + 8gomy, QFYeYS + 2493 | Mo Yo Y]
— 8m7, |APY.YS —dm3; APY.YS — dmd | APYLYS — 4T PYLY]
12

+ =9 TMY.T! — 1293 Mo Y. TT + 892 My Q2Y.T!

— 892 My Q7 YT} — 892 My QY. T,

+ 2203 (3Q. (03 (2Mor + 33) (3Qu — 31 + 3@ +5Q0 — 6Qu — Qur, + Q)

+ 502 My Q. (18Q2 +2Q3, +2Q3, +5Q2 +6Q7 + 903 +9Q2 + Q2 + Q3 + Q3 + @3) )1

—5( - @, - QF + Q2) (2muvey] - YY)
- 12g MT.Y] — ANT{T. Y}

L2 25 gin (2(107g3 My + 52 (201 + M) Qe (3Qu — 3Q1 +3Qq +5Qc — 6Qu — Qu, + Q) )1+5( =20,V + T.Y]))
12

- Eng CTT 1203 T — 8g2Q2T. T + 8g2Q%, T.T)

6
+802QiT. T — 4|\*T.T) — gg%mQYEYT + 6g2m?2Y. Y}

—4g2Q2mIY. Y] + 4g2Q7, m2Y.Y.) + 4g2Qim2Y.Y ]
12
57
+892Q% Yemi Yl +8g2Q7Yemi Y. — 4APYemiY ]

—2M\PmeYe Y] — ZgtYemiY] +1205YemiY] - 897 Q2YemiY]

—leywm +6g5Y Y. Im2 — 4g2Q2Y Y Im?
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(1)
ﬁmé

B
S

+4g2Q% Y. Y Im? + 4g2Q7 Y. Y Im2 — 2 \PY.Y I m?
—8my Y.YIV.Y) — AV YIT.T) —4Y. TIT.Y] —4T.Y]Y.T!
— AT TIY.Y) = 2m2Y. Y, V.Y) — AYm?YIV. Y] — 4. YIm2Y. Y]

24 3
— AV YIYemi Y] = VYV Y m? — ANYTITy + Zgiloon + s\ﬁglgpczeloz,u

3 3
+ 8\/;919er102,41 +897Q2 102,44 + 8\/;91 1031 + 8¢yQelos s — 24m3; Y. Y] Tr (YdeT)
— 12771 T&«(Ydyj ) — 6m2Y,Y! Tr(ydydT ) —12Y,m2Y] TT(YdeT )
— 6. Y m Ty (Ydyj ) — 8m%, Y.V, Tr (Yey;j ) — AT T Tx (YYT)
—om2Y, Y Tr (YeYj ) AY,m2YITr (YeYj ) Y,V m?Tr (YeYj )
- 12Y6T€m(yj Td) - 4Y€T§Tr(YjTe) - 12TeYeTTr<TijT)
1YY T (T;TdT ) CATYIT (Te*YeT) VYT (T;TZ )
—YYiT <m3YdYJ ) AYYITr (mﬁyeyj ) AV YITr (m?Yj Ye)
— 12, Y Tr (mgyj Yd)
= 20,Quo1.4 + 4 (m, +miy, +mE ) AP+ AT - 862Q2 My |
12
= +€9?|T>\‘2 + 1265| Th|? + 895 Q% ITh > + 895 Q% ITAI? — 892Q3 | Th |
L, 12 ) . .
- 16(m§{d +m + mg) XX = ZgIMINT, — 123 Mo T, — 8g2Mu QN5
— 892 My Q3 AT + 892 My QINT
+ 82 M (302 Mu Q2 (18Q2 +2Q%, +2Q3, +3Q7 +3Q2 +6Q7F + 993 +9Q2 + Q% + Q3 + Q3
+ (- Q2+ Q% + Q1 )X (2M0r - T))
+892Q2%0,41 + 89y Q03,4 — 12|T,\\2Tr<Yde> TN (YEYJ) - 12\TA|2Tr(YuYJ)
— 12M\T} Ty (Yj Td) - 4AT;Tr(YJ Te) — 12M\T} Ty (Yj Tu>
4
N (3gfm?qd)\ + 15g2m% A+ 3g2m% A+ 15g2m2% A+ 3g2m3A + 15g2m3A
+10g2m3;, QA + 10g2m3; Q7 A + 10g2m3Q% A + 10gom7;, Q7 A
+10g2mE, QA + 10g2mEQ7, A — 10g2m3;, QIN — 10g7mi, Q32X
— 10g2m3Q2\ — 40A[T) > + 3¢7 M; (2M1)\ - TA) 1562 M <2M2/\ - T,\)

— 30mZ ATr (Yde ) — 15m2 ATr (Ydyj ) — 15mE\Tr (YdeT ) — 10mZ ATr (YEYJ)
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B

's1

52

S1

B

s2

B

s2

— bmZ ATr (YeYj ) — 5m2ATr (YeYj ) — 15m% \Tr (YuYJ ) — 30m%. )\Tr(YuYJ )
— 15m3\Tr (YuYJ ) — 15T\ Tr (T;YdT) — 15\ Tr (T;TdT ) — 5T\ Tr (T;YeT) — BATY (T:TeT )
- 15TATr(T,quT> — 1BATy (T;TE ) — 1BATY (mZYde ) — 5ATE (mgerJ)
— BATr (m%YJ Ye) — 15ATr (mgyj Yd) — 15ATr (mgyj Yu) — 15ATY (miyuyj ))
2

= §( - 369;Q7|My[* + 99,Q101 4 + (mi1 +m2, + m§3> |Kk[? + |T,€|2)

_4
T8l

+9g, M (54g§Mqu (18625 +2Q%, +20Q% +3Q% +3Q +6Q7 + 902 +9Q% + Q2 + Q3 + Q?,)
- (- @3-+ Q)w (2Mur-T2))

+ \/i|2< —4TET, — 99% (mil + mi + mi) ( —Q3-Q3+ Q?))

+99p (18@1 (QpQ102,44 + 03,4) + gp( —Q3 - Q3+ Q?)T[ﬁ (MUH - TR)))

— 5 (~ 305 QBIML +99,Qaona + (2, + m2, + i, )l + )

= %( - Q(mil +m2, + m§3>ﬁ2m*’2

+ 992 M (5492 Mo Q3 (18Q2 +2Q%, +2Q3, +3Q3 +3Q2 +6Q7F + 993 +9Q% + Q2 + Q3 + @3)
+ (- Q3+ Q3+ Q3w (2Myn — 7o) )

2 (= AT T+ 992 (m2, +m2, +ml, ) (- Q3+ Q2+ Q3))

+ 99, (18Q2 (9pQ202744 + 0374) - gp( —Q3+ QI+ Q%)T,: (MUK - Tn)»

2
= 5(— 3692Q31Mu * +99,Quor.a + (m2, +m2, +m? I + [T )

_4
T8l

+ 092075 (5492 Mu Q5 (1802 + 20%, +2Q%, +3Q3 + 3Q% + 607 + 9% +9Q% + Q2 + QF + Q3
+ (- Q3+ @+ @) n (2Myn — To.) )
1P (= AT T+ 962 (m2, +m2, +m?,) (- @3+ Q3+ Q3))

+ 99, (18Q3 (gpQ302,44 + 03,4) - gp( —QQ2+ QI+ Q%)T,: (MU/{ - TH)>>

2 2 2\ ,.2 %2
(—Q(mS1 +mg, —|—m33>l<a K

2 2 2 ) ,.2,.%,2
(—2(77131 +ms, —|—ms3>/<; K
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3.7 Vacuum expectation values

BY = —vd<15g§ + 15¢2Xi + 2062Q%, + 20g2Q%  Xi — 20|\ — 20Tt (Y YT) +3¢% + 3¢2Xi — 60Tr(YdeT)) (97)

1
R = %vd( — 414g% — 180g2g3 — 120094 + 7209292 QuQ 1, + 7209262 QcQrr, — 4809362 Q%

— 12009392Q7%, — 3600g,Q3Q7%, — 1200g2Q2Q%, — 1600g5Q%;, + 2409392 Qn, Q.

— 8009, Q%,Q%, — 72097 92Q 1, Qi — 2400g,Q%, Q7 + 72097 92 Q 1, Qq

— 72009, Q%, Q% — 400g,Q7;, Q2 — 400g,Q7;, Q7 — 4009, Q%, Q5

— 400g5Q%, Q3 — 144097 92Q 11, Q. — 3600g2Q%;, Q% — 9g1Xi — 9097 g5 Xi + 875¢5Xi

— 12043 92Q%;, Xi — 60093 92Q%;, Xi — 40093 Q%;, Xi + 991 Xi” 4 9097 g3 Xi* — 22593 Xi”

+ 12097 92 Q%;, Xi® + 60093 92QF, Xi* + 4009, Q7 Xi* + 120002 X"

— 40 (5 (3293 + 3(39 Xi + 4g? (QHd ( 1+ Xl) LQ24Q ))) + g (9Xi - 4))Tr(YdeT) — 480¢Tr (YeYJ)
— 800g2QTr (YYT) +800g2Q%, Tr (YYT) — 800g2Q2Tr (YEYJ)

— 120¢2XiTr (Y yi ) — 600¢2XiTr (Y yi ) — 800g2Q%  XiTr (Y yi )

— 40|\ (20g§ (Q%,d ( 1+ Xi) +Q% + Qf) 30Ty (YuYJ ) +3 (595 + g%)Xi) + 3600Tr (YdeT YdY;)

+ 1200Tr (YdYJ Y,Y] ) + 1200Tr(YeYeTYEYJ )) (98)
1
BY = o ((1595 +2002Q%, + 3g%) (1 + Xi) —20|A2 — 60Tr(YuYJ)) (99)
BR) = E.Ovu( — 4l4g} — 180973 — 120095 — 7209792 QaQu, — 72097 9;QcQu, + 24097 92Qu,Qn,

— 48047 g7 Q%;, — 1200g592Q%;, — 36009,Q5Q%, — 12009,Q2Q7%;,

— 80095 Q%,Q7F, — 1600g,Q%, + 72097 92Qm, Qu — 2400g,Q%;, Q7 — 7209392 Q 1, Qq
— 72009, Q7;, Q5 — 400g,Q%;, Q2 — 400g,Q%, QF — 4009;§QH Q3

— 400g2Q%, Q3 + 144093 2 Qp, Qu — 3600g5Q%, Q% — 991Xi — 9097 g5 Xi + 87593 Xi
— 120g1gpQHuX1 6OOg2gpQHuX1 4009;‘;624 Xi + 9g1Xi? +909%Q§X1 — 225¢5Xi?
+ 12097 g2 Q% Xi% + 600952 Q%;, Xi* + 4009, Q7;, Xi® + 1200A° "2

— 40\ (20912)QHd — 2092Q%, + 2092Q2 + 3¢7Xi + 1563Xi + 2092Q% Xi — 30Tr(YdeT )

—10Tr (Y;YJ))

— 40 (5 (3zg§ + 3<3g§Xi +4g? (QiIu ( 14 Xi) + Q2+ Qi))) tg? (9Xi n 8))Tr (YuYJ ) n 1200Tr(YdYuT YY) )

+ 3600Tr (YUYJYquD (100)
B = vs( — 2\ + gﬁQ?(l - Xl)) (101)
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1

B2 = — v, (50502 (18Q2 +2Q%, +2Q%, +3Q2 +3Q% + 607 +9Q3 + 902 + QXi — QX + QF + Q3 + Q3
— 202"
+2A2 (ng + 1563 + 1062Q%, + 106°Q%. — 10°Q? + 10g2Q°Xi — 15Tr (YdeT) _5Tr (YJJ)

— 15Tr (YUYJ))) (102)
Bl = f%vlw +92Q3v1 (1 + Xi) (103)
52 = — Lo (819303 (18Q3 + 203, + 20, +3Q% +3Q7 + 607 +9Q3 + 9@ + QIXi — QIXI® + Q7 + Q3 + 3

+1892(Q3( 1+ Xi) + QF + Q3 ) Inf? — 262k72) (104)
Bl = fév2|n\2 + g2Q3vs (1 + Xi) (105)
B2 = — Lo (819303 (18Q3 + 203, + 20%, + 303+ 3Q7 + 607 +9Q3 + 9@ + Q3Xi — QIXI® + Q7 + G} + 3

+ 1892 (Q%( -1+ Xi) + Q%+ Qg) |k|? — 2&2/5"2) (106)
AL = —év3|f£\2 + 92Q3vs (1 n Xi) (107)

1 . .
B2 = — vy (810503 (18Q2 +2Q%, +2Q%, +3Q3 +3Q% + 607 +9Q3 + 902 + Q3Xi — QIX? + Q2 + @} + Q3

+18¢° (Qg( 1y Xi) + Q%+ Qg) |62 — 2/{2&*’2) (108)

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates >EWSB’

B, Vo
W, | =247 z, (109)
U, z,
( Wi ) —zW ( Ve ) (110)
W2p W;
A1 w-
Nio | =2V Wt (111)
A3 wo

(112)
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The mixing matrices are parametrized by

cosOy —cosO'ysinOy  sin Oy sin Oy
AR sin®yw  cos Oy cosO'yy  — cos Oy sin Oy (113)
0 sin O’y cos O’y
1 1
wo_ V2 V2
oo F) "
vz V2
1 1 9
. V2 V2
1% . ,
A —z% z% 0 (115)
0 0 1
(116)
4.2 Rotations in Mass sector for eigenstates ’EWSB’
4.2.1 Mass Matrices for Scalars
e Mass matrix for Down-Squarks, Basis: (d~L,a17dR,a2) , (~’£’51,J*R)52)
2 My dx %(\/ivde — UsvuAY;)5a152 a1
d %&12& (ﬂvde — vsvqu)\*) ded}%
1 2 2, .2
md”L(iz = +ﬂ1<g1 ( — Uyq + Uu)
+ 3(49262(1 (lef + Qav3 + le}% + QHdvfl + QHuvZ + Qw?) + g%( — vﬁ + Ui)))(;alﬂl
1
+ 50ai5: (2m§ + vﬁYJYd) (118)
1
My, = +751 (69200 (Quo? + Quvd + Qa0 + Quyvd + Qut,v2 + Quo?) + g3 ( = v +02) )dus
1
+ 500100 (2m§ +02Y,Y] ) (119)
This matrix is diagonalized by ZP:
D _ 2Dt _ dia
with
~ D,x 5 et _ D,x 7
dria =Y Z; " dja, drio =Y Zj; " dja (121)

J J

e Mass matrix for Sneutrinos, Basis: (71), (7})
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1
8

M, o =
VLVL

A1V

m

This matrix is diagonalized by ZV:

with

= ( MpLox )

V., 25V _  dia
Z mzZ >t =my'y

_ Vix ~
= E :ij' Vj
J

e Mass matrix for Up-Squarks, Basis: (41 0,5 UR,as) s (a;,ﬂl,a*ﬁm)

3
IS

1
Mapa; = +ﬂ1

+3(492Qq (Qu0? + Q203 + Qa0 + Q03 + Qu, 02 + Quo?)

%5042 51 (\/E'Uu

(-2

1
+ 550,1,31 (ng + viYJYu>

T, — UdeYu)\*)

1 (49;%@1 (wa + Q23 + Q305 + Qu,vi + Qu, v + Quv ) (9% + 95) ( —v2 + Uﬁ)) +m?

3 (V20T = vav, AV )b

mﬂRg*

R

1
Man;, = +51(362Qu (Quv + Qav3 + Quvd + Qu,v} + Qv + Quu?) +

1
+ §5a2g2 <2mi + UZYUYJ)

This matrix is diagonalized by ZU:

with

U,.27Ut _  dia
Z-mgZ>h =my's

~ U, ~
UL i = § Z Uje s

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

2
Mgper = +m;

Mepex
vsvuY A* 4+

\/»’UdT

39

~ U, ~
URia = § Z Uja

— v vu)\YT +

me

RCR

\/»’UdTJr )

+gg( —’UZ +v3)>)504151

( — 02 +v§)>5a2g2

(122)

(123)

(124)

(125)

(126)

(127)

(128)

(129)

(130)

(131)



1
+71(gf(—v3+v§> +g§<fvfl+vz)

8
+4g7Q, (QW% + Q205 + Q303 + Qm, v + Qm, vl + sti))
1
+ 5Ugye’rye (132)
1
Meger, = +mg + i (29§Qe (Qw% + Q23 + Q303 + Qu,vi + Qu, vl + Qs’Uf) + 9%( — g+ ”3))
1
+ ivg}/ey;r (133)
This matrix is diagonalized by ZF: .
ZPmEzP T = mg'e (134)
with
éri=Y Z;7¢, Cri= Y Z "¢ (135)
J J

e Mass matrix for Higg57 Basis: (¢d7 ¢U7 ¢S7 ¢17 ¢27 ¢3) ) (¢d7 ¢U7 ¢Sy ¢15 ¢2a ¢3)

Mepgps  Mopuda Mpspa  Mepr¢a  Mpadpa  Mepspa
Megpn Meudy Mosdy M1y Mooy M3y
mi _ bads Duds Dsbs b1bs P25 P30s (136)
Mepgpr  Mepudr  Mppr M1y Meads  Mepgy
Mepgpa  Mepuga  Mpopa  Mprga Mpaga  Mepsp

Meaps Mepuds Mep.ps M1z Mooy Meses

2
Megpq = +de

1
+ < (4020m, (3Qu,v3 + Qo3 + Q203 + Quod + Qu, 02 + Quv?) + (g7 + 63) (303 — 2))

8
1
+ 5 (v +02) AP (137)
1 1
Moo, = —7( —402Qu,Qu, + g} + g3 )vave - ﬁvﬁ%(TA) + v A (138)

Mg, 6, = +mis

u

1
+ < (4920, (3Qu, 2 + Quv} + Quvd + Quud + Qui,vd + Qu?) + (—gF — g3) (302 +23))

8
1
+ 5 (05 +02)IA2 (139)
1
Mpap, = —ﬁvu%(Tg + 95 Qr, Qsvavs + vavs| A2 (140)
1
Mgy = —ﬁvd%(TQ + 95 Q, Qsvsvu + vsvy A2 (141)
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M, ¢,

Meap1
m¢u¢1

Mo ¢y
Me1 ¢y

Mepaps
m¢u ¢2

Mo o

M1y

Mooy

Mg y¢3
m¢u ¢73

Mo s

M3

M3

Mep3ps

1 1
= 592Qs (3Qu? + Quo + Quvd + Qo + Qur,v} + Qu,v2) + 5 (v + 2 )N + md

= QZQHdled”Ul

= g2Qn, Q1v1vy

= 2QsQ1v511

= Tls (v% + v%) |k|? + %gﬁ@l <3Q1vf + Q202 + Q302 + Qp,v2 + Qu, v + stf)
= gZQHszvdvz

= 97Qu, Q2020

= 92QsQ2v5v2

1

=15 (2v1v2|/~€|2 + 3\/§U3§R<TK)) + 97 Q1Q2v102

1 1
=15 (v% + vg) |k|% + 592@2 (3@203 + Q10? + Q302 + Qp,v2 + Qu, v + stf)
= 92Qu, Q3043
= QEQHu Q3v30y

= ggQSQSUsUS

1
=15 (201v3|n|2 + 3\/§'UQ§}E<TK)) + g§Q1Q3v1v3

1
=15 (202’03|’€|2 + 3\/501§R<Tn)) + 95@2@3”2’03

1 1
= o= (v} + 03) Ikl + 5920 (3Quvd + Quvf + Qovd + Quryvd + Q03 + Qo)

This matrix is diagonalized by Z:

with

H, 27Hit _  dia
Z7my, Z°70T = ma'y,

T SEH I o7 VAN 37 3

J J J
T OL IR 3V NS 977 )
j J J

2
+my

1

2
s2

+m

2
+mg,

e Mass matrix for Pseudo-Scalar Higgs, Basis: (04, 04,0s,01,02,03),(04,04,05,01,02,03)
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Moy, %vs%(TA) Lo, R(T 0 0 0

%’Us% (T)\ Moo %vd% T)\ 0 0 0
1 1
—vuéﬁ(TA —vﬂ:‘:(T)\) Moo, 0 0 0
mio=| V2 v - ) +E7m*(Z)+Ezm
0 0 0 Mo ~3 R (T) 5 e (T
0 0 0 5750 R( T Moo —3 50 R(T
0 0 0 %%Uﬂe SHuR(T) Mo,

(161)

2
mo'do'd = +de + 8

1

*<4Q§QHd (le% + Qav3 + Q303 + Qp,v3 + Qu,v2 + sti) + (gf —I—gg) ( —v2 4w ))
1

+ 2(1} +v >|)\|2 (

162)

Mo,y = +mH + = (4gpQH (Qw% + Q203 + Q303 + Qu,vi + Qu, v + stf) + (g% + g%) ( —v3+ vi))

+ ;(vd +o )w? (163)
Moo, = ; 20, (lel + Q2v2 + Q303 + Qu,v3 + Qp, v + Qsv: ) ;(vd +v )|)\|2 +m?% (164)
Migror = 1 (03 +03) 2 + 3071 (Quv} + Qoo + Qud + Qi + Qv + Qo) + i, (165)
Mooy = 118 (vl + v3) |2 + gpQg (lel + Qav3 + Q303 + Qu,v3 + Qv + Q2 ) mi (166)
Mgy = 118 (711 + v2) |k|? + gpQ3 (lel + Qav3 + Q33 + Qp,v3 + Qv + Qwi) + m?g (167)

Gauge fixing contributions:

Mogoq Moyoq Mosoqg Moioqg Mosoy  Mozog
Meogo, Moyow Moson Moyow Mozow Mosoy

Moo, Me,o0, Moo, Megio, Moo, Meoyo,

mz(fz) = (168)
mo’,ial maual masal m0'101 m0'2<71 mUSUl
Moo Moyoa Mogos Mooz Mogoy  Mogos
mada-s mgu,03 mUSUfS m0‘10'3 m0-2‘73 mUSJfS
1 2 : / / . 2
Moara = 704 (ZgPQHd sin ©'yy + cos O’y (gl sin Oy + g cos @W)) (169)
1
Moo = ——VqUy  2¢,Q ., sin Oy + cos O’y ( g1 sin O + g2 cos Oy —29,Qn, sin®'y + cos O’y ( g1 sin Oy + g cos O,
A0 4 9o H, g g 9p<H, g g
(170)
1 2 . / / : 2
Mo, o, = ZUu( —2¢,Qp, sin Oy + cos O’y (91 sin O + gs cos @W)) (171)
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1
Moyo, = =GpQsVavs sin Oy (QgpQHd sin ©'y + cos O’y (91 sin Oy + go cos ®W>) (172)

2
1
Mo, . = igstvsvu sin @'y (29,,QHU sin O’y — cos Oy (gl sin Oy + go cos 9W>) (173)
Mo, = goQ2v sin o'y (174)
1
Moo, = §gpQ1vdvl sin @'y (ngQHd sin @'y + cos O’y <91 sin Oy + g cos @W)> (175)
1
Mo oy = iglefulvu sin @y (QQPQH“ sin ®'y — cos Oy (gl sin Oy + go cos @W)> (176)
Mooy = 92QsQ1v501 5in Oy (177)
Moo, = §2Q3v}sin Oy, (178)
1
Mo yoy = 5gpngdvz sin Oy (2gpQHd sin O’y + cos @'y (gl sin Oy + g cos @W)) (179)
1
L §gpQ21}21}u sin Oy (QQPQHu sin ©'yr — cos Oy (gl sin Oy + go cos @W>) (180)
Mo o0 = Q;QSQQUSU2 sin @/?}V (181)
2
Mo\, = 95 Q1Q201v2 50 Oy (182)
Moo, = g2Q303sin Oy (183)
1
Mo yos = §gpQ31}d1)3 sin O’y (ngQHd sin ®'y + cos O’y <91 sin Oy + go cos @W)> (184)
1
Mooy = §gpQ3’U3’Uu sin @y (QQPQHu sin ®'y — cos O’y (gl sin Oy + go cos @W)> (185)
Mooy = 95QsQ30sv3 510 L (186)
Moy = gaQ1Qsv1v3 sin Gl (187)
Moy = JoQaQsv203 sin Gl (188)
Mooy = goQ3v3 sin Oy (189)

madad mauad mosad malad mo’go'd mo’go'd
Mesyo., Mg, o, Mmoo, Moo, Meoyo, Meoso,
m m m m m m

2 _ 0d0s Ou0s O0s0s 0105 0205 0305

m*(§z:) = (190)

Meg,i0q Mme,oq Mo, o4 Moiov Mogoy Meoyoq

Moo Moyoe Mogoo Mooy Moy Mogos

Moyo5 Moyos Moo Mooz Mosos  Mogos

1 2
Mo yoy = ngt( —29,Qm, cos Oy + (gl sin Ow + g cos ®W> sin @’W) (191)
1
Moyo, = =VdVu| — 18I Ow + gocos Oy ) SIn Oy + H, Cos Oy H, CoOsO'y + | g1 sSIn O + g2 cos Oy ) sSin O
o =g (= 2(g15inOw + g2 cos Ow ) sin €'y + 49,Qu, 03 ©'w ) (20,Qu, cos &' + (g1 5in O + g2 cos O ) sin ©
(192)
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1 2
Moyoy = Zvi (QQPQHu cos Oy + (91 sin Opw + g cos @W> sin @’W>

1
Moy, = 59pQsVavs COS 0w (QQpQHd cos Oy — (g1 sin Oy + g2 cos @W> sin @/W>

2

1
Moyos = 591’@8”8”” cos Oy (29pQHu cos Oy + (gl sin Oy + go cos G)W>

22,2 /2
me Ug:gp SUSCOSGW

50 s

1 .
Mogor = 59pQ10401 cos Oy <ngQHd cos @'y — <91 sin Oy + g cos @W)

2

1 .
Moo, = =9pQ1010y cOs Oy <ngQHu cos Oy + (g1 sin Oy + go cos @W>

2
_ 2 @/2
m”s”l - gpQSlesvl COS w

202, 2 /2
g,Q1v7i cos Oy,

Moy oy

sin @’W)

sin @’W)

sin @'W)

1
Mogos = 59pQ2vavz cos O'w <2gpQHd cos Oy — <g1 sin Oy + g2 cos @W) sin @’W>

2

1
Mooy = 5910@27}2% cos ©'w (QQpQHu cos Oy + (91 sin ©Ow + g2 cos @W) sin @’W)

2 2
Mooy = Qs Q2vsv2 cOs Oy,

2 2
Mooy = gleQQUﬂ)Q cos ©® %

_ 22,2 12
mo‘gdg - gpQQUZ COS@ w

1 .
Mogos = 59pQ3v4v3 cos Oy <QgpQHd cos @'y — <91 sin Oy + g cos @W)

2

1
Mooy = =9pQ3030, cos Oy (29pQHu cos Oy + (g1 sin Oy + go cos @W)

2
Moso3 = gﬁQSQ?)/Us'U:S Ccos ®/€V
Moio3 = Q§Q1Q3v1v3 cos @’IZ/V
Moyo3 = 9,2;@2@311203 cos 6’31,

22,2 2
m0'30'3 = gpQ3U3 COS@ w

This matrix is diagonalized by Z4: _
ZAmi()ZA’T = mgfig

with
= Ax 40 — Ax 40
Ud_ZZjl Aj, Gu—zzjz A7,
J j

E A% A0 § : Ax 20
g1 = Zj4 Aj, o9 = st Aj’
J j

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

I
J
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J
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mH_ =

< —%vdvu|)\|2 +

V(P
Hd Hd

Myt gt

1
8

M e r—
Hd Hd

1.2 1

Zg2vdvu + ﬁvsTA

_ 2
= —|—de

(62( =02 +8) + g3 (v3 +2)

1 2, 1.2 1
—5VaVu|Al° 4§93V, + ﬁvsT)’f

Myt mf

) + &w-m* (W)

+492Qu, (@10 + Q203 + Qud + Qur, 03 + Qui, 2 + Qu?) )

Ll
=V
2

M

+492Qu, (Quo? + Qvd + Qa0 + Qu, v + Qu

Gauge fixing contributions:

This matrix is diagonalized by Z7:

with

4.2.2 Mass Matrices for Fermions

S
= +m%—1u

1
(98 ( —vd+02) + g3 (v +02)

1.2 2
- 19204
- 1.2
_ZQQUdUu

4+ 2 +,7 dia
2 my- 2 =my -

Hy = Z Zj+1Hj_ J
J

1.2
_ZQQUdUu

1. 2.2
ZQQUu

)

e =Y )
J

u vu

+ Qevz))

(215)

(216)

(217)

(218)

(219)

(220)

e Mass matrix for Neutralinos, Basis: (17,)\3,Wo,flg,ﬁg,g,él,ég,ég) ) (ﬁ,AB,Wo,flg,fIS,g, §1,§2,§3>

m;(o =

My
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im
h

O O O O o O

3

Mz, 0

(221)



mggo = gpQHd'Ud

Mg o = gpQH, Vu
1

mgg = gplsvs
1
Migs = T 5
1
M5 = = 750N

11
M35, = = —=U3k
5182 3 \/§ 3
Mg, = gpQBU?,
11
Mz 55 = 557}2/’6
11
Msy55 = gﬁvll‘ﬁ

This matrix is diagonalized by N:

with

e Mass matrix for Charginos, Basis: (W*,ﬁ;) , (W*,ﬂ*)

U= Nj, Ap =D NpAY, WO =3 "N\
J J J

HS - ZN;4/\?7 ]EIS - ZN;5>‘?’ S= ZNJ%)‘(;
J J J

$1= ZN;7)‘(J?7 82 = ZN;S)\(J?’ 83 = ZN;“))‘?
J J J

This matrix is diagonalized by U and V'

with

(234)

(235)
(236)

(237)

(238)

(239)

(240)



T+ * )+ + _ * )+
WH=3"Vi5A;, F=D VA
t2 t2

o Mass matrix for Leptons, Basis: (er), (e})

Me = ( %’UdnT )
This matrix is diagonalized by U7 and Uj

dia

€% et _
U, "mUg' = myg

with

€,%
€L, = E :UL,jiEL,j
ta

_ e *
€R,i = Z UrijER,;

ta

o Mass matrix for Down-Quarks, Basis: (dp q,), (d*R,Bl>

mg = < %UdéalﬂleT )
This matrix is diagonalized by Ug and Ul‘fz
Ul maUst = mdie
with

d,*
dL,ia = E UL’jiDL,ja

to

d *
dR,ia = E UR,ijDR,ja

t2

e Mass matrix for Up-Quarks, Basis: (urq,), (ukﬁl)

N—

My = ( %vuéalleuT
This matrix is diagonalized by U} and U
UZ’*muU}é’T = mdie
with
UL ia = Z Up UL ja
to

U *
UR i = E Ur,i;UR,ja

t2
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(248)

(249)

(250)
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Vacuum Expectation Values

1 1
M= gt gt (254)
1 1
RNV NG (255)
1 1 1
AN G (256)
1 1 1
NERN T BT (257)
1 1
=gt gt g (258)
1 1 1
=%t R i pT (259)

Tadpole Equations

% = +é <4gpQHd (le + Qo0 + Q303 + Qu,vi + Qu, vy + Quv ) (g‘f n g§> ( oyt vd) (vd N vu>)

+ i( — V2., (Ti‘ + T)\) + g (2(1;3 + vﬁ) A2+ 4m%d)) (260)
% = 5o (492Qun, (Quod + Quud + Quuf + Qo + Qv + Qi) + (9 + ) (— B +12))

O R CRUL) )
% = +1 95 Qsvs (lel + Quv2 + Q302 + Qu,v2 + Qu, v + Qu? )

+ i(— V2vava (T3 + T3 ) + v, (2(03 + 02 A2 + 4m3 ) ) (262)
(% - +lg§Qw1 (@103 + Qa3 + Qa0 + Q03 + Qut, 2 + Quo?)

+ %<3\[0203 (T +T, ) +up (2<v§ + v§) k|2 + 36m§1)) (263)
%/ - +%g§Q2v2 (Que + Qav + Quod + Qi + Qi + Q)

+ % (3\0)1@3 (T 4T ) + oy (2(1;% + vg) k|2 + 36m§2)) (264)
a%/ = 5 0w (Que? + Q13 + Q003 + Qu,vd + Qv+ Qur?)

+ —(3\0)1@23%( o) +os(18m2, + (43 +43) 1) ) 265)
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7 Particle content for eigenstates ’EWSB’

Name Type complex/real  Generations Indices

d Scalar complex 6 generation, 6, color, 3
1% Scalar complex 3 generation, 3

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

h Scalar real 6 generation, 6

A0 Scalar real 6 generation, 6

H~ Scalar complex 2 generation, 2

g Fermion Majorana 1 color, 8

v Fermion Dirac 3 generation, 3

%0 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

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)
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Hm(

?) =

1 1
2 2 2 2
S A ( SeMSmi, - +Ao(mw,>) +2r; d*ZZ( 2r1\4SmZ+AO<mZ))
42T = —lrMSmQ,—&—AO m%, E Ag(m
di.d%.2',2' 2 Z z d,,d* Hf HT
3
- E A0<m?, )F: e o =
1 a i,0;,Vq Va
a=
3 2
—25 muag Bo(p2,mi ,m%,)mu(]_“é** WI‘}? _ ]."13** ~7]_"L:* ~7)
f P a’ Xy Xb dfua,Xy,  diua,X, diua,X, A7 ua,X,
a= —
3 2
+ E E Go(p mu ,m-,)(FL* 7I‘§* w—i—I‘If'** WF% ~7)
e dua,X, A7 ua,Xy d¥,ua, Xy A Ua,Xy,
a=
3 9
L R Rx L
—2% " my § Bo( m2 mg) (F: TS o L )
LM P M, MR\ @ a0 A dankl T A3k Y
3
2 Lx L Rx R
+§ gG’( m? mo)<f‘ Is +I' I ~)
< £ O T 02K A das®) | A darRY A da, K
a= =
18 6
. 2 s
B ZAO (mAS)Fd},“*,AO,AO CZAO (mda,)rd“ x g do
— jrtarta — ja
a=1 a=1
6 6
2 - - 2 s s
D Ao (méa)rci“*;,é;,éa €D Ao (m“ )Fdn s i
a=1 a=1
1S 6 2
2 . 2 2 2 . i
QZAo(mha)F;;}thG * ZBO(p ’mua’mH*)Fd i, Hy A, Hy
a=1 a=1b=1
6 6
2 2 * N 2 2 * .
+ZZB°(” Mg ’mA‘B)Fd‘*,”a,ASFJI,da,A‘;+ZZB°(p mi, ’mhb> s da by i dashy
a=1b=1 ! a=1b=1 /
3 3
2 2 2 Lx R Rx L
—fm~§B< m~m)m(:~ < e F;~>
39 ONP"» Mg My J TS Go 50y drgusds T dugnds disgnsds

)

2 2 2 Lx L Rx* R

+ Go( mi,m )(I‘:~ rs e i )

i P My )\ & iy drgrds - d3gnds 7 dnds

4 6 6

_ F*; ~ F: ~ F ( m ) F ( 2 ,'7,712~
+3b < djgdy dTgds P Z b d:md o\P Mg,

6 6

* . 2 2.2 2

+ZFJ zjrcit,z,JbF‘)(p ,m ) Z d* Z,&F()(p ,mdb,mz,)

=1 T b=
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+ZF**7 B R ! (p m‘;‘;b,miv_) (266)

e Self-Energy for Sneutrinos (7)

1 1
I, ; (p?) = +4F§i,§;,W+,W* ( — irMSm%V, + A (m%v,)) + 21“5“5;72,2( — §rMSm2Z + Ao (m%))

2
1 2 2 2
+_2F§hé;Z“Z,(<_ irhdsTnz/+ﬂA0(ﬂ1Z/)) _-EE:I4O(WHiI)F§M%ZH;7H;

a=1
—2§ me B m~, me, (TE* re s . ko
o(p”, 1 e \" o xd ey by ,xiyeh_k UrXd e UF R e
G(2m%, )(rL*~ L, i R )
+ZZ o\P, My vrXE e Uy 7Xa76b+ UrRden UF R e
a=1 b=1
2 6 3
2 2 2\ = 2 o
+2.2 B (p ’mH;’méb)rﬁy,H:,ébFZﬂHi,éb =>4 (mﬁa)rﬂi,ﬂ;,ﬂz,ﬂa
a=1b=1 ’ a=1
3 6
2 2 2 3
+> > B (p ’mﬂavmhb)ruj Pash L5 70
a=1 b=1

Lx Rx* L
*QZmVaZBo(p i Jmsg (T v s Uy + Tt T vt

3 9
Go(p*,m? ,m2, ) (L _TL ré  r& o
+ Z Z 0\P My, Mo DY Ve, X9 UF a X + vr ,umxb UFva, XY

a=1b=1
1 6 6
— 524 (mA3>Tﬁi,u ag.ag =3 Ao (mi)rﬁué*,da,&a
a=1 a=1
6
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e Self-Energy for Up-Squarks ()

1 1
IL; (pQ) = +4Féi7ﬁ;,w+,w— ( — irMSm%,Vf + Ag (m%vf)> + 21—‘5“5;2)2( — irMSTRQZ + Ag (m%))

o1



2
1
+ QFii,ﬁ;,Z',Z’ ( - irMSmQZ/ + Ay (mQZ,)) — ZAO (m?{a‘)Pﬁi,ﬁjﬂé’,H{
a=1

2 3
2 2 2 Lx R Rx L
Qme; ZBfJ(p ’mx;’mdb)mdb (F @ ta i xa T1E @ % fa L ,db>
= =1
2 3
G ( 2 02 2 )(FL* ~ FL ~ TR FR )
+ Z Z o\P Xa ' dp -aXa ,dp u; 7Xa ydp + J1XI dyp u; 7Xa ,dp
a=1b=1
2 6 3
+ By (p?,m? I T —) Ao(m2 )T;
o\p,Mp—,m “Hidy ar HE dy 0\ Moy )& iy 07 7
a=1b=1 a=1
3 9
2 2 2 Lx R Rx* L
- QZmua ZBO (p 7mua7m§<g) (Fu] ,ua,XbFu a, XY + Fu] a, Xy Fﬂj,ua,)zg)
a=1 b=1
3 9
2 2 2 L+ L Rx R
+ Z ZGO (p vmuavmazg) (Fa;,ua,xgrul aid T 11uj ,ua,xbra:,ua,xg)
a=1b=1
1 6
— =Y Ay(m? S Ao(m2 \re - - -
2 o\ M40 JL &, x40, 40 o\"™Mq, )t iz .dxda
a=1 a=1
6 6
2 L
- E Ao (méa) G, 05,8580 C E A (ma )Fﬂl,ﬁj %,
a=1 a=1
6
1 .
) E :AO Fa“ﬁj,ha,h + § :E:BO p*.my, ,on Fa;,aa,AgrﬂmmAS
a=1 a=1b=1
6 6
2 2 2 * }
+ E g Bo(p amaavmhb)Fﬁ;,ua,thﬁj,ﬁa,hb
a=1b=1

3
8
B 2 2 2 Lx R Rx* L
3"Ma Z Bo (p Mg mub)mub (Fa;,gl,ubra:,gl,ub + Fa;,gl,ubra:,gl,uJ

3
4
4 2, 2 L L R R
+ 3 Z Go (p My ) (F 7191, UbFﬂZ@hub + Fﬁj»f}lyubrﬁf,f}l,ub>

S
I
—

6
4
* 2 r* 2
+ZF~*W+dF"*W+de0(p mg ) 52 a2 gin ) 70,10 (p mub>0)
+ Z FE*.,»y,abrﬁ:mubFO (p m“b’ ) + Z Fz;,z,abFﬁI,Z,ﬂbFO (p2, m%b’ m2Z>
b=1
+ZF~* AR u',’Z’,ﬂbFO(p mub’m%/) (268)

e Self-Energy for Sleptons (¢)
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e Self-Energy for Higgs (h)
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e Self-Energy for Pseudo-Scalar Higgs (AY)
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e Self-Energy for Charged Higgs (H™)
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a=1b=1
1 6 9
1 2 2 L R R
o QZZB:L (p ’m)207méa)l_‘; ‘;ava Pufa,x;, ZB]‘ (p meb7O>F€J77 ebréiv’)’yeb
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e Self-Energy for Down-Quarks (d)
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3 3
=B (i O)T T = 22 B (P i ) T,
3
_ B, (]?27 mﬁb , m2Z>F§J*,Z,d;,F§“Z d Z B1 (p m,dl77 mZ’)Fg* o dL‘i,Z,ydb (283)
b=1 b=1
1 2.3
EI:J (pz) =73 Z Z B <p2, mib, m )FcLl,*,Ha - gi,HJ,ub
a=1 b=1
— 123: ZG:B ( 2 m m >1—1L* L
2 o L\P ey MAY )L G 4, A d dy, A9
I v 2, 2 2 \ L« L
2 p ; B (p e mﬂa>rrfj,aa,>2; Fil,ﬁa,,g;
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2 o L\P > My e |5 G0 b dy ™ disha,dy
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2 o L0 M, ) dsda 30 dinda KO
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e Self-Energy for Up-Quarks (u)
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ES %) +ZZBO(1) mdb,

a=1b=1
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2 2 2 Lx R
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a=1b=1
4 < 16 & 1
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-
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— 42 ( ngS + By (p ,mub,mz/))F 7 ubmubfu 2w
b=1
> 1
—4 ( 3t rMS + By (p2 m3,, myy - ))1"7 e dbmde‘gb W dy (285)
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a=1b=1
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Xi(P7) = _52231 (p Py Mg )FuJ,Ha AR
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o 5 Z Z Bl (p mu x mAO>FuJ’uayAOFﬁi)uavAg
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2 Lx L
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b=1
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b=1 b=1

e Self-Energy for Gluino (g)
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O\P™ My, MG, |5 g, dndy," T g, dx dy

a=1b=1
6 3
303 Bo(pmd, w2 TE e ma, TR G, 12 (f SIMS + By (p%,m2,0) )TR" o msTE o
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ZR( 2)__1%%3 2 2 2 FR* FR
P)=75 Tt Py, g, )2 5, dady go,ds s
a=1 b=1
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2 R Lx L
) Z Z Bl( Ub’ mﬂa)ré ag LG, g up =3B (p m 0) Fgﬂg ald.9.0: (289)
a=1 b=1
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Ly 2\ __ 2 2 2 Lx L
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5 Z Z By ( Ub’ )Fg], “bF91 Uy, up -3 (p m 0) Fg],g 91F§iyg,§1 (290)
a=1b=1

e Self-Energy for Z-Boson (Z2)

T(p?) = +T g - 2Boo (% 2 m2- ) + D e [ Boo (b2 2 m2, )
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e Self-Energy for Z’-Boson (Z')
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8.2 Tadpoles
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9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction
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9.2 Two Scalar-One Vector Boson-Interaction
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9.3

One Scalar-Two Vector Boson-Interaction
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4o (vd (ngQHd sin @'y + g1 cos Oy sin @W) zh

i Vy (QgpQH“ sin ©'y — g1 cos ©'yy sin G)W) Z;;) (ggﬂ) (346)
Z'
Hf --<a-
o

392 (vd (2gpQHd cos O’y — g1 sin Oy sin @’W> zh
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9.4 Two Fermion-One Vector Boson-Interaction
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96



7
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5 5 (348)
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i . N . 1495
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1
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2

97



z,

Xj
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1_
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e
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— % (sz <2gpQHd sin O’y + g1 cos Oy sin Oy + go cos Oy cos @’W) N;
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2
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die —<
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Wl
djp
3
i gab > Ul U, (v - 75) (370)
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1
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v;
€j
. 1 e, 1- 5
- ZEQ2ULJ¢@1,3 (”Yu T ) (377)
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Gy

Uiy

2

Ujp
! L= % (378)
- s (e )
i 1475 379)
i (o 152) <
T
ﬂia
Ujp
' 1= % 380
— é&a[géij (392 sin Oy + g1 cos @W> (’yﬂ 5 ) (380)
21 1+ 381
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i
Jia
Ujp
3
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Uiy

U5

1
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— 66a55ij (392 cos Oy cos O’y + 6¢,Q, sin O’y — g1 cos Oy sin @W) ('VM . 27 > (383)
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v
vj
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Z/ﬂ
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9.5 Two Fermion-One Scalar Boson-Interaction

Xi

Xy

2

JFVs)
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1 * * 7 A% * * 7 A * 7 A% 1 - 75
%( — 92 jl‘/iQZkQ + jQ( - 92‘/1‘12]4;1 + A i2Zk:3 )) ( ) (392)
1
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— 69pQ2Zix NN + V26 Z[ " N N + V26 Z[ Njg Ny

=
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+ é(GgstZ,g*NmNﬂ +69,Q1 245" NizNj1 + 69,Q2 215" NisNj1 + 69,Q3Z1g" NigNj1
+3V2N ZA NisNjy + 3V2XN* Z5" NiuNjs + 69,Q5 Ziy™ Ni1 Njg
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/
/
/
/
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A
/
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/
/
/
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€
€

107



3 3
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/
/
/
/
/
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2
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/
/
/
/
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g
/
/
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dz’a
Xj
1—15 (409)
U,* d,*
Oary Z 2% Z UR.iaYd.ab ( 2 )
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- %(GQPQsZg*Ni%N;l +6g,Q1Zy N7 N;y + 69,Qa 7,5 " Nis N}y
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b=1 a=1

i LA > 1+~
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9.6 Three Vector Boson-Interaction

v
Gap
9po
93fa,84 (%u( —pyr -ﬁ-pg‘”’) "‘gpv( - _'_ngsa) "‘gcm( -y +p§”“)) (461)
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SRTEPN W WS W e Yo 4 Wi 462
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+
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+ _

. Wi w 7% W
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9.7 Four Scalar-Interaction
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6

a=1 a=1
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W, Gvp

1
; v U 7D
259293)\ o> Zi Zja(gm/)

a=1

(561)

Zu v

3

égg)\g’(y ((392 cos O cos O’y + 6g,Q, sin O’y — g1 cos O'yy sin @W) Z Z%’*Z%

a=1
3
- 2(291 cos O’y sin O + 3¢,Qy sin G’W) Z Zgia2%+a) (g,“,)

a=1

(562)

z', v

7

3
693)\%@ ((( — 3go cos O + g sin @W> sin ©'w + 69,Q, cos @’W> Z ZZ-[{Z’*ZJ({1
a=1
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3
+ 2 (291 sin Oy sin ©'y — 39pQu cos @/W> Z ZgiaZjUS—ka) (guu>

a=1

(563)

Yv Tu

. 2 3
12—8(5&/3 (169% cos ©%, Z Z%’iaZ%,+a + (392 sin Ow + g1 cos GW) Z ZZ*ZJ[{I) (g‘“')

a—1 a=1

(564)

Usj e CZ;5

. 3
11 *
gﬁgng COS @W(SO(,B E Zg; Zﬁ; (guu>

a=1

(565)

Z, T
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3

! da ((392 sin Oy + g1 cos @W) ( — 392 cos Oy cos O’y — 69,Qq sin O’y + g1 cos Oy sin @W) Z Zan’*ZJ[-{I

18 a=1
3
+8g1 (SgpQu cos Oy sin O’y + g1 cos Oy sin 2@W> Z Zgia2%+a) <9uv> (566)
a=1
Zlu Tu
ot \\
/ N
Uia Uig
; 3
1—86a,3 ( (392 sin Ow + g1 cos @W) (( — 3g2 cos O + g sin @W) sin Oy + 6g,Q, cos @’W) Z Z%’*Zﬁl
a=1
3
+ 8g1 ( — 39pQy cos Oy cos O'yy + g1 sin 20y sin @'W) Z ZgiaZJ%Jra) (g,w) (567)
a=1
Z, Wi
// \\
/ N
Ui I*
JB
71 . / / : 3 U D
_ g\ﬁggé(w ( —69pQqsin©'y + g1 cos O'yy sin G)W> Z Zi 7, (glw) (568)
a=1
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. 3
1
%ﬁggéaﬁ (69qu cos O’y + g1 sin Oy sin @’W) Z Zgl’*ZJ% (g,“,) (569)
a=1
W wr
/X
/ N
(o g
; 3
DI ATIA (570)
a=1
Zu ZP«
e
/ \\
i,
i 23
1—85,15 ((392 cos Oy cos O’y + 6g,Qq 8in Oy — g1 cos Oy sin @W) Z 720775,
a=1
, 3
+4(201 cos©'w sin Ow +39,Qusin®'w ) > 257, 2010 (900 ) (571)
a=1
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— 127856”3 ((()’glgqu cos ©'%, sin Oy + 9g2 cos O2, cos O’y sin Oy

+ cos @'W( - SGggQg + g2 sin 6%,) sin®'y — 6g19,Qq sin Ow sin 6'?,[,

3
— 692 cos O (SQqu cos @’%,V — 39,Qy sin @'%,V + g1 cos Oy sin Oy sin @’W)> Z VA

ja
a=1
- 2(6glgpQu sin —20"y + O — g% sin2( - 0w+ @W) — 297 sin 20w + 9g,Q; sin 20"y
3
+ ¢%sin 2(@W + @’W) + 6019,Qu $in 203y + @W) 3 ZgjaZ%M) (g#,,) (572)
a=1
le/ Z/N
a
/ \\
i,
i 2
E(Saﬁ ((( — 3go cos O + g sin @W) sin Oy + 6g,Q, cos @’W) Z Zg’*Z%
a=1
5 3
+ 4( — 2¢; sin O sin O’y + 3g,Q,, cos @’W) Z ZgiaZ%+a) (gW) (573)
a=1
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—i— (574)
\/i a=1
Z, Wy
e
/ \\
7 &
1 3
759 (Qgle sin©'y + g1 cos O'yy sin @W) Sz zE (g,“,> (575)
a=1
7', Wy
RN
/ \
/ N
U; é;
1 3
i—=go (Qgle cos O’y — g1 sin Oy sin G)/W) Z Zi‘g’*ZﬁL (gw> (576)

V2

a=1
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AN
N
S

(577)

13

AN
N
S

2

; 2
1(5”» (QQle sin O’y + g1 cos Oy sin Oy + go cos Oy cos @’W) (g,w>

(578)

Z/I/ ZP«

— %6,»]» ( — 2¢19,Q; cos @’?,V sin Oy + g3 cos O cos O’y sin Oy

+ cos Oy ( - 4g§Ql2 + g% sin @%,V) sin Oy + 2¢19,Qy sin Oy sin @’?,V

+ 2g5 cos Oy (gl cos Oy sin Oy sin O’y — g, Q) cos @’%,V + g,Q: sin @’%)) (9;w>

(579)

180



/ \\
U; ~;‘
i , . o )2
56” ( —2g,Qi cos Oy + <91 sin Oy + g cos @W) sin © W) (g,“,) (580)
9.9 Four Vector Boson-Interaction
gsv Gyp
Gap 980
8 8
- ig?% ( Z fa,é,af,@,'y,a + Z fa,'y,afb’,é,a) (gpagm/) (581)
a=1 a=1
8
+ Zgg( - Z fa,ﬂ,af'y,é,a + Z fa,é,afﬂ,'y,a) (gpugaz/) (582)
a=1 a=1
8 8
+ igg ( Z fa,'y,afﬁ,é,a + Z foz,ﬁ,af'y,é,a) (gpugau) (583)
a=1 a=1
W, T
W:‘ Yo
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ig5 sin O (g,mg;w) (584)
+ g5 sin Oy (gpugau) (585)
+ _2igg sin 612/1/ (gpugau) (586)
Z, Wi
W;r Yo
ig3 cos Oy cos O’y sin Oy (gpggw,) (587)
+ —ig3 cos Oy sin 20y (gpugg,,) (588)
+ ig2 cos Oy cos Oy sin Oy (gpl,gw) (589)
z', W,
wir Yo
— g2 cos Oy sin Oy sin Oy (gpagw) (590)
+ iga sin 20y sin Oy (gwgw> (591)
+ —ig2 cos Oy sin Oy sin O'yy (gpygo'u,) (592)
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wr Wt
; 593
2ig3 (gpag;u/) (593)
+ —ig5 (gpugw) (594)
+ _igg (gpugau) (595)
ZIJ ZN'

wr W
— 2ig2 cos ©% cos O3y (gpgg,w) (596)
+ ig2 cos ©F, cos O’y (gpugg,,) (597)
+ ig2 cos @%,V coS @'%,V (g,,yg(w) (598)

Z/u ZP«
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igs cos ©% sin 20y (gpggw) (599)
+ —ig3 cos ©F, cos Oy sin Oy (gpugOV) (600)
+ —ig3 cos ©%, cos Oy sin Oy (gpl,gw) (601)

z, z,

wr W=
— 2ig2 cos ©2, sin Oy, (gpgg,w) (602)
+ ig} cos OF sin ©'F; (gpugou) (603)
+ ig2 cos O3, sin©'%, (g,,, g,m) (604)

9.10 Two Ghosts-One Vector Boson-Interaction
v
G-
ng
G

9afous (1) (605)
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/]7— . 4. .
. "
igo sin Oy (pzw) (606)
Wil
777"" . 4. .
. "
— igo sin Oy (pzw) (607)
Tp
771 S
>
n
— igssin Oy (pz‘) (608)
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/r]_ . 4. . .
>
-
— igy cos Oy cos Oy (pzf) (609)
Z,
7{— - C
»
n~
ig2 cos Oy sin O’y (pzf) (610)
wi
v - O
>
-
ig sin Oy (pz‘) (611)
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77Z .- - ]
>
-
igo cos Oy cos Oy (pzf) (612)
W,
,er/ .-y - ]
»
n~
— ig cos Oy sin @’W(pzf) (613)
Tp
'rlq‘ . 4. . .
»
nt
igs sin Oy (p;f ) (614)

187



7;7 P 4. .. .
>
nt
— igo sin Oy (p:f) (615)
Wi
VAREE
>
nt
" 16
— iga cos Oy cos Oy (pz ) (616)
W,
772/ .- - .
>
nt
. + 1
ig2 cos Oy sin O’y (pz ) (617)
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fr]"!‘ . 4. . .
>
. -
igo cos O cos Oy (pz+) (618)
Z/u
777"" . 4. . .
»
nt
— igo cos Oy sin Oy (pZJr) (619)
Wy
771 .- -
. y
iga cos Oy cos Oy (pZZ> (620)
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fr]"!‘ . 4. .
n?
— gy cos Oy cos @'W(pzz) (621)
Wy
7’]1 .- -
n?
— igo cos Oy sin Oy (pZZ ) (622)
+
W,
'rlq‘ . 4. .
n?
ig2 cos Oy sin O'yy (pZZ ) (623)
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9.11

Two Ghosts-One Scalar-Interaction

—93 (vdZﬁl - vuZ,fQ’*)Swf (624)
AR
/
/
/
/
B /
fr]"!‘ . - - .{
>
. -
795( — v Zi + vuZ,j;*),st (625)
Hy;
/
//
77_— .- - /
. "
1
ingW_ (91 cos Ow + g2 sin @W> (vdZ,jl — vquE) (626)
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i .
Zg2gw— (91 cos Oy + g2 sIn ®W) (’UdZ]:_l — UuZ;_Q) (627)
hi
/
/
/
/
B /
" 4’
>
-
) " %
-4 (vdZ,ﬁ’ + o,z )gwf (628)
Hy
//
n_Z .- - //
>
0

— Zggfz (vd (QgpQHd sin O’y + g1 cos Oy sin Oy + go cos Oy cos @'W) Zh

— yu( —29,Qm, sin®'y + g1 cos Oy sin Oy + g2 cos Oy cos @’W) Z,;B) (629)
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%gggz/ (vd< —29,Qm, cos Oy + (91 sin Oy + g cos @W> sin @'W> Zh

— Uy (QQPQHu cos Oy + (91 sin Oy + go cos @W) sin @’W) lez)

(630)

¢ H x H %
- ZQ% (UdZm +vuZyy >§W*

(631)

— Zngz (vd (QgpQHd sin O’y + g1 cos Oy sin Oy + go cos Oy cos @'W) Zh

— vu( —29,Qm, sin®'y + g1 cos Oy sin Oy + g2 cos Oy cos @’W) Z,;B)

(632)
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iggzz (vd( —29,Qm, cos O'w + (91 sin O + g2 cos @W> sin @’W) Z,jl

— vy (2gpQHu cos Oy + (91 sin Oy + go cos @W> sin @'W) Z;‘Q)

(633)

{ * * * EAN 2
— 262 (1922l + Q3 Zll + Qe Z[E" + Qo 2y ) sm 5y

2
+ vdZ,i"* (QQPQHd sin O’y + g1 cos Oy sin Oy + g cos Oy cos @'W)

2
+ vuZ,g’* ( —2¢,Qm, sin®'y + g1 cos Oy sin O + g2 cos Oy cos @’W) )

(634)
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ifz/ (vdel’* ( —2¢19,Qm, cos @’IQ/V sin Oy + g3 cos OF; cos O’y sin 'y

+cos Oy ( —4g2Q7%;, + gisin @%,V) sin ©'1y + 2919,Qp, sin Oy sin O'5y,

+ 2g5 cos Oy <g1 cos O'yy sin Oy sin @'y — g,Qm, cos @/f/v + gpQp, sin @'%,V))
+ vuZ,fz’* (2glgpQHu cos @’%V sin O + g5 cos ©%, cos @'y sin Oy

+cos Oy ( —4g2Q%, + gi sin @%) sin ©'y — 2g19,Q g, sin Oy sin ©'5;,

+ 2g5 cos Oy <g1 cos Oy sin O sin ©'w + g,Qn,, cos @"Q,V — g,Qm, sin @"24,))

—202(QiZ [y + Qe [t + Qs 2[5 + Q0. Z[§7 ) sin20'wy )

(635)
Hy
/
//
7]_ .- - /
n?
%gggwf (vd( —2¢,Qu, sin Oy — g1 cos Oy sin Oy + ga cos Oy cos @’W) Zh
+ vu< —2¢,Qm, sin O’y + g1 cos Oy sin Oy — g2 cos Oy cos @’W) Z,;g) (636)
H,!
//
ni&- .- - //
n?
%ggfw— (vd< —29,Qp, sin Oy — g1 cos Oy sin Oy + go cos Oy cos @'W> Zh
+ vy, ( —2¢,Qm, sin®'y + g1 cos Oy sin Oy — g2 cos Oy cos G’W) Z,jz) (637)

195



igz (vdZ,ﬁ’* ( —2919,Qm, cos @’%,V sin Oy + g3 cos O3 cos O'yy sin O’y
+cos Oy —492Q% + ¢?sin®%, ) sin®'w + 2¢1¢,Q p, sin Oy sin %
P Hg 1 w p d w
+ 2go cos Oy <91 cos Oy sin Oy sin Oy — g,Q g, cos @’IQ/V + gpQp, sin @’%/V))
+ vuZ,g’* <2glgpQHu cos @’%,V sin Oy + g3 cos OF; cos O’y sin O’y
+ cos O’y ( - 4g§qu“ + g2 sin 6%,) sin®'y — 2¢19,Qn, sin O sin @’?/V
+ 2go cos Oy (91 cos Oy sin O sin ©'w + g,Qp,, cos @’a, — 9pQm, sin @’%))

— 2g§< %le,gl’* + Q%ngﬁ)’* + ngngfé’* + QEUSZ@)’*) sin 2®’W)

(638)

VA

i * * * * 2
- Zgzl (495 (valZ,i’ + Q%ng,fs’ + nggZ,g’ + insZ,g’ ) cos O’}
2
+ UdZ,fIl’* ( —2¢,Qm, cos Oy + (gl sin Ow + g cos @W) sin @'W)

2
+ vuZ,g’* (29pQHu cos Oy + <91 sin Oy + g cos @W) sin @’W) )

(639)
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— Zgggwf (vd (QQPQHd cos @'y + ( — g1 8in O + g2 cos @W> sin @’W)Z;l

+ vy, (QQPQHu cos @'y + (91 sin Oy — go COS @W) sin @'W) Z,;;) (640)

— %ggfw— (vd (2gpQHd cos Oy + ( — g1 5in O + ga cos @W) sin @’W) Z5

+ vy (ngQHu cos Oy + (gl sin Oy — go cos ®W> sin @’W) Z,;;) (641)

10 Clebsch-Gordan Coefficients
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