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1 Superfields

1.1 Vector Superfields

1.2 Chiral Superfields

SF | Spin 5 | Spin 1 | SU(N) | Coupling Name
B Ap B U(1) g1 hypercharge
W Ay W | SU(@2) 92 left
g Ag g SU(3) g3 color
SF | Spin 0 | Spin 1 | Generations | (U(1) ® SU(2) ® SU(3))
q q q 3 (5.2.3)
I ] l 3 (-1,2,1)
Hy | Hy Hy 1 (—1,2,1)
H, | H, H, 1 (3,2,1)
d | dy % 3 (3,1,3)
i uj, uf, 3 (-2,1,3)
é €R eR 3 (1,1,1)
1 URr VR 3 (0,1,1)

2 Superpotential and Lagrangian

2.1 Superpotential

~ A 1 A~ A PN ~ N
W =pH, Hy+ ;M09 —YadqHy —YeelHy + Y, aq Hy +Y,01H, +

2.2

—Lspw

—Lsp,y =

Softbreaking terms

1
— HiH, By + Hy Hy By + 57RiV55Bus;

2

1
025 = Oprts - Opts o +2s -
+ 3 (Hu ULiVLkQuik — HyH er iU 1 Quar — Hy H er 10, iQuar + Hy eL,ieL,kQu,ik)

0 7x 7 — g% ~ 0% »~ — %~
+ Hgdg ia00pdr,jglaij — Hy dg iadaptr,jplaij + Hy€g €, Teij — Hy €g v, iTe i

~ 5 0~ ~ ~ ~ 0~ ~
— H 0y i000pdL,jpTuij + Hy Uk j00aptr. jsTuij — Hy €L jvriTyij + Hovr 7R Ty + hc.

+mdy | HY? +miy, [Hy|* +mdy |HO? +miy |H [P+ d} j00asm? di s

T 2 7 ~x 2 = ~x% 2 = ~ % 2~
+ dRia0apMy,ijdR,js + €1 ;M i;€L,j + €RMe i;€R,; + UL 0008y i;ULj3

~ 2~ ~ % 2 ~ ~ % 2~
+ UR 0 0apMy i;UR,j8 + VL ;M i;VL,j + VR My VR,



1

7L537A = = (A%Mlélj + M25ij/\VV,i>‘W,j + Mg(sij)\gya)\gﬁ + hC)

2

2.3 Gauge fixing terms

2.3.1 Gauge fixing terms for eigenstates ’GaugeES’

1 _ 1 _ 1 _
Lgr = — §|3u3|2§131 - §|au9|2€g 't §|3uW|2€W1

2.3.2 Gauge fixing terms for eigenstates ’EWSB’

1 _ 1 _ 1 _ " o
Ler = — §|3,l,9|25g 't 5‘(9//”25«, - 592 (Hd Vg — v Hy )§W* +0,W ‘2£W1—
1.1 . _
— §|§ (26'pZ + (odvd — auvu)§Z (91 sin Oy + g2 cos @W)) \2521

2.4 Fields integrated out

1. 0

3 Renormalization Group Equations

3.1 Anomalous Dimensions

"

"
o

(1)
'Ygd
(2)

Hq

1
=3 (45g§ + 8092 + gf) 1+ Y]y, + Y]y,

15 1 199 8 4
_ 2 2 4 2 2 2 4 4 2 T T
= +(89293 + VEL + 9071 (1693 + 992) + 90071 ~ 593)1 + glequ —2Y,;YaY, Y

—ovly,yiv, + Y] Yd< - 3Tr(Yde ) + %g% ~Tr (YYT )) — 3y} YuTr<YuYJ )
YT (YVYJ)

3
= —1*0(595 +gf)1 +YY. +Y]Y,

3
=+ (12593 + 309202 + 69g;*) 1-2vlvyly, —2vly, Yy,

+ YJYe( - 3Tr<Yde) + ggf - Tr<YeYj)) - 3YJY,Tr(nYJ)

VY, T (YVYJ)
- 3Tr(YdeT) _ 13—0 (593 + g%) n Tr(YeY;)
207 9 15, 2 6
=+ 15501 + 1o 989 + 08— g( — 4062 + g%)Tr(Yde) n gngr(YeYJ) - 9Tr<YdeTYdeT)

=3 (vavv,y)) - s (Vv ) - (Vv vy

—~
D
=

(10)

(11)



@ 207 49 ,

Yo, = +ﬁ91 + Tofh

j _ 3Tr<YuYJ) _ % (5g% + g%) + Tr (YVYJ)

15, 4
G+ otz (2og§ ¥ gf)Tr (YuYJ ) - 3Tr(YdYJ Y, Y] )

Ty (Yeyj v, v ) - 9Tr(YuYJ Y, v} ) — 3Ty (Y,,YJ Y,y )

1 * 2
SIS ) o A B(20g§ +93)1

(2 _

2
= ( — 100g% + 101g% + sogfgg) 1- 2<Yd*YdTYd*YdT + Y;KTYJYdT)

" 225
2
YT (=2 (verd) + 63 - oTr (vav] ) + gg%)
8
W =27y — (563 + g2)1
(2) 8

Ya

=+ (10791L — 25g5 + 809?932,) 1
2
— = ((vrvd Yy + v vevT) + vyl (- 1568 + 15T (V1)) + 5T (YY) + 7))

6
SIRIES) i S |

5
234
722) = +27594111 - 2(Ye*YVeTYe*Y;T + }/;*YEYV*YBT)
6
+ YE*YGT( 9Ty (YYT) +6g2 — 6Tr(ydyj) - 595)

Yo

Yo

6
(2) — _2(Yy*}/(§T)/;*YVT + Y:YVTYV*YVT) + YV*YIJT( _ 2TI'(Y1/YVT) -+ 69% — 6Ty (YuYJ> + 79%)

(N — oyryT

5

3.2 Gauge Couplings

By = ?9:{’

B = 2%9‘?( — 130T (Y, Y1) + 13563 + 19997 — 30Tr (Y, V1) + 44093 — 70Tx (vav] ) — 90Tr (v v, ))
ALY = g3

5D - égg( —10Tr (V.Y ) = 10Te(Y, Y1) + 12063 + 12593 — 30T (YaY,] ) = 30Te (Y, V) +943)

Bl = =393

B = égg (ng% - 20Tr(YdeT ) - 20Tr(YuYJ) 4562 + 7og§)

(16)

(17)



3.3 Gaugino Mass Parameters

B
v

B
Bar

B
B

3.4

M, —

M, —

(1)

(2)

(1)

(2)
M3

66 ,
—qgi M
591 1

%gl (398g’f’M1 4 135¢2M; + 4402 M, + 44092 M + 1352 My — T0M; Tr (Yde ) — 90M, Tr (YEYJ )
— 130M; Tr (YuYJ ) — 30M; T (YVYJ ) + 70Ty (YdT Td) +90Tx (Y; Te) +130Tr (YuT Tu> +30Tx (YJ Ty)>
= 292M2

- %gg (991M1 + 12092 M; + 992 My + 25092 My + 12092 My — 30MyTr (YdYT) - 10M2Tr(Y vi )

— 30M Tt (YUYJ ) - 10M2Tr(Y,,YJ ) + 30Tr(YdT Td) +10Tr (Yg Te) +30Tr (YJ Tu) +10Tr (Yj T,,))
= —6g3 M3

= %g% (11ng1 + 1192 M3 + 4562 M; + 14092 Ms + 452 My — 201\@%(3@1}@T ) - 20M3Tr(YuYJ )

+20Tr (Y; Td) n 20Tr(YJTu>)

Trilinear Superpotential Parameters

16 7
B = 3Y,Y] Yy + Yd( —3¢2 4+ 3Tr (YdeT) — 0 it Tr(Y YT)) LYYY,
4
/3( =+ GV VY, — aYuYIvylv, — 2vyyiv,ylv, — 2v,viv,yly,
f t 2 Y42 f i
+ Ya¥Ya( = 31e(VY[]) + 693 — 9T (Y] ) + 591) =3V YuTe (V)
VYl T (YVYJ )
287 15, 8 16, 2
+ Yd( g1+ 9195 + =095 + 9195 + 89595 — — 95 — *( — 4095 + g?)ﬂ(YdYJ)
90 2 9 9 5
6
+ 29 fﬂ(y YT) _ 9Tr(YdeYde) _ 3Tr(YdYJYqu) — 3Ty (YeYeTYEYJ)
W (YEYJYVYJ))

ﬁ(yle) =3Y.Y]Y. + Ye( —3g2 + 3Tr(YdeT) - ggf + TT(Y;YJ» +Y.Y]Y,
BY = —av YV Yy, - 2v vy vy, - ovy v vly,
+ YV (= 3me(vovd) + 603 — 9Tx (Yav)) ) - 3vvi v, e (vaY))
~ VYT (YY)

+ 1OY (1359‘11 +18¢2¢2 + T5g — 4( — 40g2 + gf)Tr(Yde) + 129%Tr(YeYJ) - 90Tr(YdeYde)



- 30Tr(Yde Y, Y] ) — 30Tr (YSYJ v.Y; ) - 10Tr(Y Yiv,vi ))

13 16
W =3V, + Va( - 363 + 3T (Vv ) - oot - e

15

3

g5 +Tr

(YVYJ)) +Y,Y]Y,

P
P = L2 @YY, + 663V, VY, - 2V, Y VY] Y, - 2v Y vavly,

5

2
AV, YY,YY, + YY) Yd( — 3Ty (Yde ) + 297~ Tr (Yeyj)) —9Y, Y]V, Tr (YuYJ )

_3Y,YlY, Tr(Yl,YT)

2743 15 , 136

+Y, ( 150 N1 + 9195 + 5 —gs+ 15 ——9i95 + 89393 —

9

16
—g5+

5

4
- (20g§ + g‘f‘) Tr (YUYJ)

— 3Ty (YdYJYqu) —Tr (YeYJYVYj) 9Tr( Y, Y, YT) — 3Tr< Y, Y}, YT>)

By = 3Y,Y]Y, + Yy( — 395 + 3Tr (YuYJ) - ggf + TY(YUYJ)) +Y,Y Y.

2 =42 0 2y, ¥1Y, + 662V, V1Y, — 2V, VIV YT, — 2V, ViYLV TY,

5

6
A YV YIY, + Y, Y] Y( —3Tr (Yde ) 29— Tr(YeYJ )) —9Y, VY, Tr (YUYJ )

3V, Y)Y, Tr (YVYT>

207 , 9 15 , 4
+ Y, (S0t + 2aiod + —ab + 2 (200 + g3 Te (Vv ) — 3T (Yav Vi)

50 5 2 5

—Tr (Yeyj Y, v} ) —9Tr (Yuyj Y, Y] ) —3Tr (YVYJ YY) ))

3.5 Bilinear Superpotential Parameters

B&l) = —3g§,u + 3uTr (YdeT) + 3uTr (YuYJ) — §g%u + uTr (YeYeT) + ,uTr(YVYJ)

5

1
5@ = flj,(207gl +90¢2g2 + 375¢3 — 20( — 4062 + g%)Tr (Yde ) + GngTr<YeYJ) + 4ongr(YuYJ)

" 50

+ 8003 T (VoY) = 450 (Yav vy} ) = 300Te (Yav; v,y ) = 150 (vov; Yoy

— 100Tx (YEYJ Y, v ) — 450Tx (Yuyj Y,V ) — 150Tx (YUYVT Y,V ))

W _ 2(MUYV*YVT +Y,Y) M,,)

@ = 9 (MU YYTYAYT + MY YIY YT + Y, YY) M, + Y, Y)Y, Y] Mv)

6
+ MUYV*YVT( - 2Tr<YVYj) +6g2 — 6Tr (Yqu) i+ 59?)

n Y,,YJMU( — 9Ty (Y,,YJ) +6g2 — 6Tr(YuYuT) +

5

2

99)

1

(46)



3.6 Trilinear Soft-Breaking Parameters

7 16
) =AY Y Ty + 2V T+ 5TaY Ya + TuY]Y, — [0 Ta = 3¢ Tu — 93T

+ 3T, T (Yde ) + TyTr (YY*) 1Y, (2Tr(Y; Te> +6g2Ms + 6Tr(YTTd) Bg1 20 +
By = +6g%YdY*Td + 693V YT, — §glM1YdYTY + 8g Y,YiT,

+ 5g1TdY Vi + 12630V Yy + gg TaY Y, — 6YaY Yoy iT,
— 8Y Y, TuY, Yy — 2 Y v, YT, — av, Y iy, yiT, — av,vit,yv,

—AYYIT Y Y, — 6Ty Y YV Yy — ATy Y, Y Yy - 2Ty YL Y Y,
+ 29807 1Ta+ 9795Ta + 15g§Td + ggfg:?Td +89395Ty — ?géTd
— 12V Tt (Yav] ) = 15Ty vate (Yav] ) - %ngdTr (vary)
+162T, Tr (YdYT) - 4YdYTTdTr(Y i ) - 5TdYTYdTr(Y i )
+ g ngdTr(Y YT) — 6Y, YT, Tr (Y vi ) 3TV, Tr (Y YT)
- 2YdYJTuTr(YVYJ) YT (YVYJ)
_ %YdeTYd(wTr (YJT6> + 302 M, + 45Tr (YTTd) +4g? M1> —6Y,YlY, Tr(YTT )
Y, YV, Tr (Yj TV) — 9T, Tr (Yde YY) ) — 3Ty Tr (YdYJ Y,Y] )
— 3T, Tr (Y viy,yi ) —TyTr (Y;YJYZ,YJ)
- —Yd (2879 My + 45g2g2 M + 40g2g2 My + 40g%g2 M + 36092 g2 My — 160g3 M
+ 45¢2g2 My + 675g3 Moy + 360922 My — 18( — 40g2 M5 + g%Ml)Tr (Ydyj )
+ 5442 MlTr(Y Y, ) + 18ngr(YdT Td) — 720¢2Tr (YdT Td) 54Ty (YJTe)
n 810Tr(YdY TdYT) +135Tr (YdYT T, YT) + 2701&«( V.Y TV} ) + 45Ty (YEYVT T, v} )
+135Tr (Yuyj T,Y] ) + 45Tr(YVYJ TeyJ))
BY) = AV YT, + 2V,Y[T, + 5T.Y]Y. + T.Y,}Y, - gnge — 3¢2T,
43Ty (YdY; ) FTUTY (YJJ) +Y, (2Tr (Y;Te) 4 6g2Ms + 6Tt (YTTd> ? glMl)
2 = +Gg%Y YIT, +6g2Y. YT, — gng V1Y, +12¢2T.Y 1Y,
- 6YEYJ Y.YIT, - 8Y.YIT.YY, - 2Y.YY,YIT, — 4V, VY, YT,
—AY, YT, Y)Y, — 4V, YT, Y]Y, — 6T.YIY,Y]Y, — 4T.Y]Y,Y]}Y,

32

3

QP%MS)

(47)

(48)

(49)



(1)

( )

oYY, YlY, + Zng + ggngT + 15g§Te - 12YeYjTeTr(Yde>
~ 1LY YT (Yav] ) - %ngeTr (vavy) + 166370 (vav] )

ALY T (YeYJ ) ~5TLYY, T (YeYj) + g g%TeTr(Yng)

- 6YeYjTyTr<YuYJ) - 3T€YJYVﬁ(Yqu) - 2Y;YJT,,Tr(Yl,YJ)

- T@YJYVTr(YVYJ ) _6Y,YlY, (QQQMQ + 3T (Y*Td) + Tr(Y T ))

6V, YV, Tr (YJ Tu) —ov.y! YVTr(YVT Tu> — 9T Ty (YdeT YY) )

- 3T6Tr(YdYJYqu ) - 3T6Tr(YeYJYeYj) - TeTr(YeYle,YJ)

— %Ye (1359‘111\41 99262 M; + 992 g2 My + T5gi M, + ( 292 M + 80g2 Mg)Tr<YdYT)
+ 6g§M1Tr(YeYJ ) +2¢2Tr (Yj Td) - 8Og§Tr(YdT Td> - 6g1Tr(YT T, )

+ 90Ty (YdY;Tde ) +15Tr (YdYJTqu ) n 30Tr(YeYJTeYJ) n 5Tr(YeYJ TVYJ>

4+ 15Tr (Yuyj T, ) 4 5Tr (YVY; T.Y] ))

= 12V, Y Ty + 4V, Y T, + T,V Yy + 5T, Y]} Y, — 392Tu — 3¢2T, — 16 ¢ T,

1571 398
2
+ 3TuTr(YuYJ ) + TuTr<Y,,YT> +Y, (2Tr (YT T,,) +6g2Ms + 6Tr(YT T, ) 1§ M+
4 4
+59§Y YT, - g911\411/ WYY, — 12020, Y, Y Y, + 5g§Y viT,
+6¢3Y, YT, + 5g 2T,V 1Yy +1262T, Y, Y, — 4v, Y Yy i T,
— 2V, YV YiT, — av, YTy v, — av, YTy, - ey, Y Y, YT,
274
—8Y, YT, Y]Y, — 21, Y] Y, Y]V, — 4T, Y] Y,V Y, — 6T,V Y, Y]V, + 47503 giT,
15 136 16

+ 9105 T + = 92Tu + <= 91037 + 893057 — 93T — 6YuYJTdTr(YdYJ)

= 3TY YT (Yav] ) - v YT (voyd) - Ty vame(voy))
1

T, Tr (Y YT)

+16¢2T, Tr(Y YT) —AY YT, Ty (Y,,Yj ) 5T,V Y, T (YVYJ )

—12v, V] TuTr(YuYJ ) 15T, YuTr(Yqu ) n

5Y Y Yd(lmr(YTTd) 262 M, + 5Tr(YTT )) - 18YuYJYuTr(YJTu)
—6Y,Y] Yu’H(YVT Tl,) — 37, Tr (Yde Y,V ) — Tuﬂ(YeYjYVY;)

9T, (VYY) - 3T T (VYY)

10

32

3

9§M3)

(50)

(51)



64
== gig5 M3 — 169393 M3 + — g3 M3

5486 272 272
+ Yu( - giMy —2g3giM, — = gigiM; — 5

225 45 45
8
~ 2623 Ma — 30g3 Mz — 169303 M — © (2093 Ms + g3 ) Tr (.Y,
8

+: (20g§ + g%)Tr (YJ Tu) — 6Tr (YdYJ T,v] ) Ty (YEYJ T,v} ) 6Ty (YquT 1Y} )

- 36Tr(YuYJTuYJ) - 2Tr(YVY;TeYj) 12Ty (YVYJTVYJ))
BY) = 42V, YIT, + 4V, YT, + T,Y,}Y. + 5TV}, — zg%Ty — 3¢2T,,

+ ?ﬂLTr(YuYT ) YT, T (YVYT) 1Y, (2Tr (Yj T,,) +6g2Ms + 6Tr(YTT ) 49 glMl)

(2> +€ S, YT, - 79 2MLYYY, — 1262 MY, Y)Y, + Gg%YY T,
6

+6g2Y, YT, + 91 T,YY, + —ng Y'Y, +12¢3T,Y,Y,

—4Y,Y] YeYjTe — 2YVYJY6YJTV —4Y, YT, Y]Y, — 4y, Y] T.Y]}Y,

—6Y, YV, YT, —8Y, YT, VY, — 2T, Y Y. Y]Y, — 4T, Y] Y.Y]Y,
207 9 15
50 5 2
— 3T, YTV, Ty (YdeT ) Y YIT, Ty (YeYJ ) YT (Y YT>

6T, YV, YIY, + =M, + Zg2g3T, + — AT, — 6Y, Y, TeTr(YdeT )

- 12YVYJTVﬁ(YuYJ) - 15T,,YjY,,Tr(YuYJ) + 5ng Tr(Y YT)

+16¢2T, T (YuyuT ) —AY, YT, Ty (YVYVT ) — 5T,Y]Y,Tr (Y,,Yj )

- %YVYJ Ye(15Tr(Yde) + 5Tr(YjTe) + 642 Ml) —18Y, Y} Yl,Tr(YJTu>

— 6Y, YV, Tr (YJ Tl,) - 3TVTr<YdYJ Y,V ) - T,,Tr(YeYJYVYJ)

- 9TVTr<YuYJ Y, v} ) — 3T, Tr (YVYJ Y, Y] )

- %Y (207g My + 45g2g2 M + 45g2g2 My + 3754 My + 20 (209 M; + g2 Ml)Tr(Y YT)
—20 (20g§ + g%)Tr (YjTu) 75T (YdYJ T,v] ) 4 25Ty (Y;Yj T, v} )

75Ty (YUY; T,v} ) 4 450Tr (YUYJTMYJ ) +25Tr (YVYJTEYJ ) + 150t (YVYJTVYJ)>

3.7 Bilinear Soft-Breaking Parameters

W =18, ( —3¢2 + :m(ydyj) + 3%(1@1@*) - ggf + TT(YeYJ) + Tr(Yl,Yj))

+ gu(wg;MQ + 15%(Yde) + 15’&(YJTU> + 3620, + 5Tr(YTT ) + 5T&r(YjTy)>

11



9 15 ,

) 207 2 6 4
f = +Bu (oot + 20ie + ot — = (— 4003 + gF ) e (vav]) + Sot (VX)) + s (v
+16¢2Tr (YUYJ) - 9Tr(YdeT YaY) ) - 6Tr(YdYJ Y,V ) — 3T (YEYJ Y.Y; )
— Ty (YeYJ YVYJ) — 9Ty (YUYJ Y,V ) — 3Ty (YVYJ Y, Y} ) )
2
- %M(QOM%Ml + 45¢2g2 M, + 45¢2g2 Mo + 3753 My — 10( — 40g2M; + g%Ml)Tr(Yde)
+ 3003 M Tr (Yo ) + 20020 T (Y, Y] ) + 400630y Tr (Y, Y, ) + 10637y (V[ 70 )
— 400g3 Ty (Y; Td> - 309%«(1/; Te> — 20¢2Tr (YJ Tu> - 4009§ﬁ(yj Tu)
+ 450Tt (YdeTde ) + 150Tr(YdeTqu ) + 150Tr(Y;YjTeYj ) + 50Tr(YeYJTVY;)
+150Tr (YquT T,v] ) +450Tr (YUYJ T,Y] ) + 50Tx (YUYJ 1Y} ) +150Tr (Y,,Yj T,v] ))
W 2(2MUYV*T,,T YTV M, + Y, Y B, + BY YT )
2
B == (Gnglyyyj M, + 30¢2MsY, Y[ M, — 3¢3Y, Y, B, — 1563V, Y, B,
—3¢1B,Y,Y,) — 156 B,Y,'Y,) — 64iT, Y, M, — 3095T, Y.} M,
+10M, Y YV TE 4+ 10M, Y Y, Y TE + 10M, Y, TI YY"
+ 10M, Y TTY YT +5Y, VY. Y, B, + 10Y, Y T.Y,) M, + 5Y,Y,|Y, Y, B,
+10Y, Y, T, Y, M, + 5B, Y, YIY Y, + 5B, Y, Y, Y, V. + 10T,V Y.V, M,
+10T, VY, Y, M, + 15Y, Y, B, Tt (YUYJ) +15B,Y; YT Tr(YuYJ)
+ 307, Y M, Tr (YuYJ ) +5Y, Y B, Tr (YUYVT ) 5B,V YT Ty (YVYJ)
+107, Y] Mler(Yl,Yj ) + MY TT (10Tr<Y,,YJ ) + 30Tr<YuYJ ) - 6(593 + g%))
+30Y, Y M, T (YJ Tu) +10Y, Y M, Tr (YJTV)

+ 20, Y,V (15630M; + 15T (YT, ) + 33 My + 5Tx (YT, ) ))

3.8 Soft-Breaking Scalar Masses

3
01,1 = \/;gl ( — 2Tr<mi) — Tr(m%) — m%{d + quu + Tr(m?i) + Tr(mg) + Tr(m3)>

1
02,11 = Eg% (2Tr(m§> + 3Tr<m12> + 3m?{d + 3m%,u + 6Tr(mz) + 8Tr(mi) + Tr (mi))
1 1

03,1 = 2*0\/71—591
— 93Ty (m%) — 45g§Tr(m12> + g%Tr(m?I) + 45¢2Tr (m?I) + 809§Tr(m,2]) — 3297 Tr (mi)

( —9g2m%, — 45g3m%, + 9g3mY + 45g3m% + 4(2095 + gf)Tr (mg) + 36¢2Tr (mg)

12



02,2

023

BLa =

B@)

— 1602 Tr (mi) +90m%, T (YdeT ) +30m%, Tr (YEYJ ) — 90m%, Tr (YUYJ ) — 30m%, Tr(y,,yj )

— 60Tx (YdeT mfl*)

+120Tx <YuYJ m2*

— 30Tr (Ydmg*yj ) 60Tr (Y Yim ) +30Tr (Y m *Y;)

) — 30Tr (Yumg*yj ) +30Tx (me%*yj ))

1
= 5(3Tr(m(21) + m%{d + m%{ + Tr(m?))

(o) n0) - 240)

15

3

+ 2T0T, + m2Y) Yy + m2Y]Y, + 2V m3Yy + Y] Yym?2 + 2, Im?Y,

1
+YIV,m?2+ —
7 /15

5

16 1
1 Eg§(15(3g; <2M3 + MQ) . 8g§M3) + g2 (2M3 T M1)>1M3 + =gt MILM; + 169393 Mo 103

4
+ ggfqudYTYd +

g1loi

2
+2 91931 Mo |* + 33951 Ma|? + 3293951 | Mo

8
ggfm%(u YuTYu

o 225 M ((5(1Gg§ (2M1 + M3> +9¢2 (2M1 + MQ)) + 597g§M1) 1

4180 (2M1YTYd —OVIT, + AMY]Y, — Yde))

- *QlMlTTYd +

2
+ 5glm2YTYd +

8, 8
Q%TTTd ~ SGIMIT]Y, + ZgiTIT,

4
fglmQYTYu + ,gfmide + fngTYdm2

+ leTm Y, + g VY m2 — 8m, Y VeV Yy — AV Y TIT,

- 4YdT Ty TiYy — 8mHU viv,vlv, —aviv,rit, — aviT,1lY,
—ATIY Y Ty — ATIT,Y ] Yy — 4TIV, YT, — ATIT, Y Y,
—2m2Y VY, Yy — 2m2Y VY Y, — 4y mdy,ay] Y, — 4y Yam2y Y,

— AV VY m3Y, - 2V VY Yym?

—4YY, Y, Im2Y, —

32
2Y,[V,Y,[V,m? + 6g5105 +

4
1o
3 —9g3loa s +

15

—4Ym2Y,Y]Y, — 4Y]Y, m2YTY

91102 11+4

= 12m%, Y vaTr (Yav]) - 67) 7T (Yav] ) - smyvare(vav])

— 6V fm3YaTe (Yav] ) - 3v[yam2 T (vav] ) — amd, vivam (vovy)

— 21T (YY)

— m2Y YTy (YYT) — oV Im2Y,Tr (YeYj>

13

32
gl1|M1\2 — 2921 M, ? — 6931 My |? + 2m3, Y Yy + 2m3 YV, + 2T T,

\/ﬁgl los;

(64)



—v] YdmgTr(YeYJ ) —12m% Y] YuTr<YuYJ ) — 61T, Tr (YuYJ )

— 3m2Y, Y, Tr (YUYJ ) — 6Ym2Y, Tr (Yuyj ) — 3YY,m2Tr (YuYuT )

—4m% VY, Tr (YVYJ ) — 9TiT, Tr (Y,,Yj ) — m2Y] Y, Tr (Y,,Yj )

oY im2Y, Tr (YVYJ ) — Y, Y,m2Ty (Y,,Yj ) — 6T YdTr(YdT Td)

— 9TV, T (YjTe) — 671y, Tr (YJ Tu> — o7y, Tr (YJ Ty>

— 6Y]TyTx (T;YdT) — Y] YTy (T;TdT ) — VT Ty (T:YQT)

TT) — YT, Tr (T;YuT ) — YV, Tr (T;;Tg” )

_ovIT, T (T YT) — VIV, Tr (TD*TDT ) — 6Y] Y, Tr (mﬁYde )
- 2YTYdTr( 2y, v} ) — VY, Ty (mfyg Ye) — oy} Yuﬂ(mfyj Y,,)
- GYTYdTr( 2y Yd> — 6Y YV, Tr (mgyj Yu) — 6YV, Tr (miyuyj )
_ovlY,Tr (YVYJ mi*)

B = —ggfl\MﬂQ — 6g21|Ma|? + 2m%, VY, + 2m%, VY, + 2T1T, + 2T] T,
+mj YTY +miY]Y, + 2Ym2Y, + Y Vom? 4+ Y[ Y, m? + 2Y,/m2*Y,

3
- \/;91101,1

12
5@2 - 5 (391 (2M2 T Ml) + 55g§M2>1M2 Eg‘f‘nﬁ;ldyj Y,

3 12
+ gt My ( —20YT, + 3(5g§ (2M1 + MQ) + 6993M1) 1+ 4OM1YJY6) - —gMTY,

L2 6 12 6

- ETIT, + 591 m2Y]Y, + gng m2Y, + 5ng Y.m?

—8m3, YIY.YY, — AV TIT, — YT, TIY, — 8m3, Y)Y, VY,

—AYY,TiT, — 4Y, T, 1Y, — ATIY, Y T, — AT T, Y]Y,

—ATIY, YT, — ATIT,Y}Y, — 2m?YIY,YIY, — 2m?Y, Y, Y]V,

—AYImAY Y Y, — 4V Y.m2Y Y, — aYIY .Y m2Y, — 2V Y. Y.V m?

—4Y,JY,mY, Y, — 2V 1Y, VY, m} — AV Y, Y, m2*Y, — 4V m2*Y, Y'Y, + 693102
6 3 -

-+ 595102,11 — 4\/;91 10’371 — 12m§{deYeTI' (YdeT) - GTJT(,TI‘(YdYJ)

— 3m2Y]Y, Tr (Yde ) — 6Ym2Y, Tr (YdeT ) — 3V Yum?Tr (YdeT )

- 4m§1dY;YeTr(YeYJ) - QTJTETT(Y;YJ) - leYJYe’I‘r(YeYJ)

14



B
Hq

@ _
2 my, 925

oV im2Y, Ty (Yeyg) —YYm2Ty (YYT) —12m%, YV, T (YuYJ)
— 67T, Tr (YuYJ ) — 3m2Y,Y, Tr (Yuyj ) — 3V Y, m2Tr (YuYJ )

— 6Y m2*Y, Tr (Yuyj ) — 4m% VY, Tr (YVYJ ) —oTiT, T (YVYJ )
—m2Y Y, Tr (YVYJ> Y Y, mPTr (YVYJ) - 2ij3*YyTr(YUYJ)

— 671y, Tr (YdT Td) Ty, Ty (YjTe) —6T1Y,Tr (YJ Tu)
—oT1Y, T (Yj TV) — 6YI T, T (T;YdT ) — 6V, T (T;TdT )
VI (T;Yj) — VY, Tr (T:TZ ) — 6T, Tr (T;Yf)
—6YIY,Tr (T;TuT ) VI, Tr (T:YVT ) oYY, Ty (T:TVT )

—6v! Yeﬁ(mgydyj ) — VY. Ty (ngEYJ ) — oYY, Ty (mfyg Y)
— VIV, Tr (m%YJ Yl,) — 6YIYV, T (mgyj Yd) —6YIY,Tr (mgyj Yu>

—6YIY,Tr (miquJ ) — oYY, Tr (YVYJ mi*)

- _gg‘f\Mﬁ — 62| Ma|? — \/3910171 + 6m§{dTr(Yde) + Qmi,dTr(YCYJ) + 6Tr(TdeT)
Ty (T;TZ ) + 6T (mzydyj ) + 2T (ngEYJ ) +2Th (mfyj YE) + 6T (mgyj Yd)

1 (1595 (395 (2M2 + Ml) + 55g§M2) M

+ M (621ng1 + 9092 M, + 45¢2 My — 40M; Tr (YdeT ) + 12OM1Tr(YeYJ ) 20Ty (Yde)
— 60Tr (YJTe))

+ 10(159302,2 + 39502,11 — 2\/@9103’1 + (160932,|M3|2 — 2g%m%{d + SOggm%d)Tr(YdeT)
+6g2m% Tr (YGYJ ) — 80¢2M; Tr (YdT Td) +2g2 M, T (T;YdT) — 80¢2M;Tr (T;YdT)

— 203 (T3 77 ) + 803 T (T3 TT ) — 630, T (T, Y,T ) + 643 (1277 )

- 2g§ﬁ(m3YdYJ ) + 809§Tr(m3YdeT ) + Gg%ﬁ(mgyeifj) + 6g%Tr(m%YJYe)

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

— 15m3, Tr (YdYJ Y,Y] ) — 15m3, Tr (Yde Y, Y] ) — 15Ty (Yde T,T} )

— 90Ty (YdT;TdYJ ) - 15H(YdTJTuY; ) - 30m%IdTr(Y;YteYJ) - 30Tr(YeYjTeTeT)

— 5m%, Tr (YeYj Y, v ) — bm% Tr (YeYj Y, v ) — 5Ty (YeYj 1,77 )

15



— 30Tx (YeTeT T.Y] ) — 5Tt (YeTjTl,YJ ) — 15Ty (Yuyj TdTg) — 15Ty (YuTj T,v} )
—5Tr (YijTeTj ) —5Tr (YDTJ .Y} ) — 90Tr (mgydyj YY) )

— 15Tt (mgydyj Y, V] ) — 30Ty (miyeyg vy} ) — 5Tt (miyeyj Y, v )

— 30Tr (m%Yj YY) Ye) — 5Tt (m%Yj Y.Y) Yl,) — 5Tt (m%YJ Y, v Y)

— 90Tr (mgyj YY) Yd) — 15Ty (mgyj Yv Yu) —15Tr (mgyj v, Y] Yd)

— 15Tt (miYquT Yy ) - 5Tr(YeYj m2Y, v} )))
6 3

ﬁfrg = — 2ot — GGl + \/;glal,l + Gm;uﬂ(YuYJ) + 2m§{uﬁ(YVYJ) + 6Tr(T[fTuT)

n 2Tr(T:TVT ) + 2Tr(ml2Yj Y,,) + 6T (mgyjyu) 46T (miyuyj ) + 2Tr(YVYJm§*)
B2 = 4302 (362(20My + My ) + 5562 M ) Mg + 6glrs s + 2 g2 11 + 44/ 2 + 3w, (Vo

m2 592 91 2 1 G M2 ) My 9202,2 59102,11 59103,1 591mH,‘, I\ Loty

+32g2m3, Tr (YUYJ ) + 64g§|M3|2Tr(YuYJ)
1
2

8
- 32g§M§Tr(YJTu) — SgiM T (T;YUT) ~ 32¢2MyTr (T;YUT) + gngr(T:TuT>

. 8 8
+ 8203 (1,10 ) + SgiTr (m2viv.) + 3203 (m2v v, ) + gngr<miYuYJ)

+—g?M; ( - 40Tr(YJTu) + 45¢2 My + 62192 M, + 80M, Tr (YUYJ) + 9og§M1)

+322Tr (miyuyj ) — 6m%, Tr (YdYJ Y,Y] ) — 6m% Tr (YdYJ Y,Y] )

—6Tr (YdYJ 7,1} ) —6Tr (YdTgTqu ) _ Qm%,dTr(YeYj Y, v )

- 2m§,uﬂ(yeyjy,,yg) Ty (YQYJTI,TJ) Ty (nTJT,,Y;)

—6Tr (Yqu T,T} ) — 36m2%, Tr (YuYJ Y,V ) — 36Tr (YuYJ T,7T] ) — 6Tt (YuT;r T,Y] )
36Ty (YuTJTuYJ ) Ty (YVYJ TJJ) —12m3 Tr (YVYVT Y, Y] ) ~ 12Ty (YVYJTVTJ)
- 2Tr(Y,,TeTTeYJ) - 12ﬂ(YVTjTVYJ) 6Tt (mZYdYJYqu )

Ty (ngeYjYng> Ty (meJYeYJYV) Ty (m%YJY,,YjY;)

— 12Ty (mfyj Y, Y, Yl,> — 6Tr (mgyj Y,v ! Yu) — 6Ty (mgyj YY) Yd)
36Ty (mgyjyuyjyu) 6Tt (miyuyj Ydyj) 36Ty (miyuyjyuyj)
— 9Ty (YGYJ m2*Y, Y} ) — 6Tt (YVYJ Y, Y] mi) - 6Tr(YVY,)L m2*Y, Y} )

8

32
= GILM, [ — 2 g31 | Ms|? + 4m3, YoV, + AT T) + 2m3Y,Y,) + AYym?2Y]

1) _
Bz = 3
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ﬂm) _

+ 2Ydem3 +2 (72)

1
\/T—Sglldl,l

4
g (- 3Og§M3 + g3 (2M + M ) ) AMG + S gim¥, Yav] +12g3m%, YaY]

45 5

+ 2492\M2|2YdYT - *91 MlydTT - 129%M2YdT
+— 225 #M; ( (3039%]\41 + 4042 (2M1 + Mg)) 1— 45T,Y] + 90M, Y, Y] ) —1203ME T,V

2
5gldedYT + 6ggdedYJr

+ 591 2Yum2Y] +12g3Yum2Y; + =
—8my YoV VoY) — AV Y TuT) — am3, Yoy v, Y]

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

—2m3Y,Y, Y Y] - om2Y Y VY] — avum2Y] YY) — avumlyY, Y]
— AV, Y mAY,Y] — A Y Vam?2Y] — 2 Y Vay m3 — av,vim?2y, Y]

+ ngdTT +12¢2Ty T +

g YdYde + 692YdeTm§

2 1
A Yum2Y) — oYy v,y m? + % 185 o102 +8

— 24, Yav{ T (Yav]) = 120 e (vav] ) - omavay me(vav])

gslogs + g1los 1
—12Vum2Y T (Vav] ) = 6VaYfm3T(vav] ) - smiy, YavTe(voyd)

— AT TI Ty (YEYJ ) —om3Y,Y] T (YeY; ) — 4Y,m2Y] T&“(YEYJ )

— 2y md T (Yov) - 12vami e (Vi) - avari e (VIT.)

—120,Y) T (T;YdT) — 12,V Ty (T;TdT ) — AT, Y] Tr (T;YeT)

— VY (TITT) = 12vay T (mdvay) ) - avay Te(m2v.y)

—4YY T (mZQYETYe) — 12V, YTy (mgyj Yd) (73)
32 5,

2
= 22921 My 2 - %g§1|Mg\2 +Amyy VLY, +ATT] + 2mlY, Y] + 4Y,m2Y,!

15

1
+ 2V, Y, Im2 — 4\/—17591101,1
128

) =g (15g§M3 Py (2M3 + 1\41))11\43 - 5glmH Y.V +12g3m% V.Y

45
FAGDLPYY] + LGMYT]  2EMYT] - AT, Y

4
@M (45( oMY, Y+ TuYJ) T 8(32@%1\41 + 4042 (2M1 T Mg)) 1) ~ g}

N 4
22591

17



+12¢2T, T — %g%miYuYJ + 6g2m2Y, Y, — %ngungJ
+12g3Y,m2Y,} — ggfyuyj m2 + 6g3Y, Yim2 — dm3; Y, Y, YY)
—dm} Y Y Vv — 4y, Y] T,T) - 8m3, VYY) - 4y, YT, T
—AY, T} — 4y, TIT, Y, — 4T, Y Y, Tl — a1, Y]V, T

— AT, TV Y} —ar, TV, Y] — 2m?Y,Yiv,y] —om?y,viv,v!

— 4Y,m2Y] YY) — Y, m2Y VY] — 4y, v m3y,y

— AV, Y Yym2Y] - 2V, Y] VaVim? — 4y, Y im2Y, Y] — 4V, YV, m2y,

32 32 1
— WYY YIm? + Tgilons + oiloa - 16— =gilos: - 24m3 Y, Y, Tr (YHYJ)

- 12TuTJTr<YuYJ ) — 6m2Y, Y, Tr (YUYJ ) — 12V, m2Y, Ty (YuYJ )

— 6Y, Y m2Tr (YuYJ ) —8m% Y, Y, Tr (YVYJ ) — AT, T Ty (YUYVT)
—2m2Y,Y Ty (Y,,YJ) — A, m2Y, Ty (YVYJ> - 2Yuyjm3Tr(YUYJ)
— 12, 1T (VIT) - T (YT ) — 127,y (1))
C12V,Y]Tr (T;TuT ) ATYIT (TjYUT) AyYiT (T;*TUT )
YT (m%YJYV) - 12Yuyjn(m§YJYu) 12V, VI Tr (mZYuYJ)
AT (Yijmz*)

24
B0 = ~ =g 4 2(2m, VoY + 2T + 2YemdY + m2VYd + VoY im?)

m2 5

3
=+ 2\/;91101,1

52 = o (692 (23197011 + 5( — 200Y. 5] + T ) ) + 20011 (301011 + Vo)
—5(30g3 M LY, + 693 TLT] — 03T + 3gim2Y. Y]
— 15ggmzY;YJ + GQerleYJ - ?;()g%Yemle;r + 3g%Yeij§
— 15g3Y. Y m? + 20m3, V.YV Y + 10Y. VI T. T} + 10m3,, Y.V, v, V]
+10m3, V.YV, Y] + 10 YT, T) + 10Y. TIT.Y] + 10Y. T T, Y.}
+ 10T, Y] Y, TI +10T.Y,)Y, T 4+ 10T, T Y. Y] + 10T, 7)Y, Y.}
+5mIY Y Y YT + 5mlY Y VY + 10V mi Y VeV + 10Y.mi Y)Y, Vi
+ 10V, Y, m2Y. Y, + 10V, Y VomiY] + 5. VY. Vim?2 + 10V, Y, Y, m?Y,)
F5Y.YTY, Yim2 £ 10, Y m2 Y, Y+ 30T T (YdeT )

+15m2Y, Y T (Ydyj ) +30Y,m2Y Ty (YdeT ) +15Y, v mgTr(Yde )
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F 10T, T Ty (YEYJ ) +5m2Y, Y T (YEYJ ) +10Y,m2Y} Tr(YeYj )
n 5mfjm§Tr(Ye};T) v, 1 (10Tr(YJTe) + 3092 Ms + 30Tr(YdT Td) _ 6g§M1)
+ 30T, T (T;YdT) + 10T,V T (T;YeT)
+ov.y) (3g$m3,d — 15g3m?,, — 30g2|Ma? + 3omi,dTr(Yde ) +10m%, Tr (Y;YJ ) 15Ty (T;TdT )
+5Te (2T ) + 15T (m3Yay] ) + 5T (m2veyd ) + 5T (miydy. ) + 15T (m2yva) ) )) (77)
Bl = 2(2m§{uYV*YVT 4oL 4+ 2Ym2 YT + m2Yr VY + Vv, m?,) (78)
B2 = —% (693 YT + 3063 M3V T + 693 M T, Y, + 30630 T, Y,
— 6T T, — 3063 T, — 3gimpY, Y, — 15imlY,Y,]
— 6g3Y,mi*Y," — 3093V, mi*Y,[ = 3¢3Y, Y, mi — 1563V, Y, my
+10m3, Yy Y YY)+ 10my, YoV YY) 10, Y TIT)
+20my VY, Y)Y, + 10V, TrT) + 10, T 1Y, + 10V, T, T Y,
+ 10T Y YT, + 10T Y, Y T, + 10T T Y Y, + 10T, T Y)Y,
+5m2Y YV Y 4+ 5ml2Y Y, YY) + 10V, mP Y YY) 4+ 10y, mr Y, YY)
+ 10V Y m2 vy 10y Y Y mE Y, £ 5V Y Y Y m?
10V YT m2Y YT + 10V YTV m YT + 5V VIV Y m2 + 30T T  Tr (YuYJ)
+15m2Y YT T (YUYJ ) + 30 mZ YT Ty (YUYJ ) F15Y YT m2 T (YUYD
10T 7T Ty (YVYJ ) 4 5m2Y YT T (YDYJ ) n IOYJ‘le*YVTTr(Y,,YJ)
+ 57y miTr(Y,,YJ ) + 307 Y, T (YJ Tu) + 10T:YVTﬂ(YJTU)
+ 30T T (T:YuT ) +10Y T T (T: YVT))
n gyjyf (3gfm§[u +15g2m% + 6¢7| My | + 3092 My |® — 30m%, Tr (YUYJ> - IOm%,uTr(Y,,YJ>
- 15Tr(T;TuT ) - 5Tr<T;TE ) — 5Tr (m%Yj Y,,) —15Tr <m§YJ Yu) —15Tr (miyuyuf )

5Ty (YUYJm?,*)) (79)

3.9 Vacuum expectation values

1

B = %vd< = 20Te (YY) +3(563 + g2 ) (1 + Xi) = 60Tx (vaY)) (80)
1

B2 = mvd( — 41447 — 18093932 — 120095 — 991 Xi — 9097 gaXi + 87595 Xi + 9g1 Xi* + 90¢7 g2 Xi?
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— 225g4Xi2 — 40(5 (3zg§ + 9g§Xi) +g? <9Xi - 4>)Tr (Ydyj ) - 120(5g§Xi +g? (4 + Xi))Tr(YeY;)
+ 83600 (VoY Yav] ) +1200Te (Yav v, Y] ) + 1200Te (VoY voYS ) + 400 (Yoy, v, v )

B = ivu( = 20Te(V, Y, ) +3(563 + g3) (14 Xi) - 60T (v, v, ))

20
1
(%) = @vu( — 41497 — 180g%g2 — 1200g5 — 9¢7Xi — 9092 g2 Xi 4 875g3Xi + 91 Xi® 4 9097 g2 Xi?

— 22503Xi? — 40(5(3293 + 93Xi) + 3 (9Xi + 8) ) e (Y, ¥ ) - 120(5g3 + 67 ) XiTe (¥, )

+ 1200Tr(YdYJYqu ) + 4OOTr(YeYJY,,YJ> + 3600Tr(YquYuYJ ) +1200Tt (YVYJYVYJ))

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

AW.,l w-
)\1/1/72 - ZW W+
AW s wo

The mixing matrices are parametrized by

oz cos Oy —sin Oy
sin©yw  cos Oy

i

1
ZW:< V2
2

S
Sl

S
= gl

20

= O O E‘Hﬁ"_‘

)
)

(84)

(85)
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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) , (~2,61’J*R,/32)

oo 1 T T
m2 — Mard; V2 (Ude vuptYy >5a162 (92)
d ) vaTg — v, Ygu* m; ;3
V2 as 1 did w Yl de*R
1 1
m(ichz = _ﬂ (395 + g%)l( - UZ + U<21)5<X1/31 + §6a1ﬂ1 <2m3 + U§Y2Yd> (93)
1 1
md}z(i’;{ = Eg%1< - U§ + U3)6a2ﬁ2 + 550@,32 (ng + ’UgdedT) (94)
This matrix is diagonalized by Z7: '
ZPm3zt = myg (95)
with
7 Dy 7 1 Dx 7
dria = Z Z;i" dja s dR,ia = Z Z5;" dja (96)
J J
e Mass matrix for Up-Squarks, Basis: (4r,0,,UR,q5) s (azﬁl,ag&)
_ 1 ( — \ 4l TT) )
Mara Vaht,, + Uy uw ) Pa
mi=| L v i (97)
ﬁéazﬁl ( —vgYuu* + UuTu) Mg
1 1
Magas = _ﬂ( — 3g§ + gf) 1( — vi + vﬁ)émgl + 5(5(1151 (2m3 + UZYJYM) (98)
1 1
Mgy, = 30aasa (2m2 + 02V Y] ) + 2071 (= 02 + 03 duss (99)
This matrix is diagonalized by ZU: '
ZYm2 2% = mge (100)
with
'aL,ia = Z Z][-’g’*ﬂ,ja s ﬂR)iQ = Z Zg’*ﬂja (101)
J J
e Mass matrix for Sleptons, Basis: (€1,€ér), (€],€5)
. L( - t
Mg, e vaT) — vy, YC)
mi=| | e V2 a (102)
7 ('UdTe - vqu*) Mepey



1 1
Meper = iuﬁYte +3 ( - g5+ 9%) 1( —v2+ Uﬁ) +mj (103)
1 1
Meper, = évgYeYj + ngl( — 1)3 + vi) + mg (104)
This matrix is diagonalized by ZF: ‘
ZPmEzP T = mg'e (105)
with
ELa=Y Z[7¢, Cri= Y ZI"E (106)
J J

Mass matrix for CP-odd Sneutrino, Basis: (sigmal.), (sigmal.)

m?ﬂ = ( MsigmaLsigmalL ) (107)

1
MsigmaLsigmal. — += (g% + g%) 1( — ’Ui + ’1}3)

8
1 2
+ o5 (32 (m?)
+ vy (vu (16% (YVTYV*) —8R (Qu> - 8?)?(@:{) + 02 (28? (KWH;) + 2R (Kl,/ﬁli) + 2%(/@3/-@) + 2R (HZHZ)))
+ 4vg (2N (“;,011 + K;pll) +p* (“V + Ky + Ko+ HV@ﬂ)))) (108)
This matrix is diagonalized by Z*: ' 4 4
Z'm: 20T = mg' (109)
with
sigmal. ({gtl}) =37z (110)
J

Mass matrix for CP-even Sneutrino, Basis: (phil), (phiL)

myn = ( M phiLphiL ) (111)
MphiLphil = +é (9% + gg) 1( —vl + vﬁ)
+ % (320 (m?)
+ vy, (vu (8 (23? (YVTYV*> + %(Qy)) + 8§R(Qf) + 02 (2§R (/{mﬁ) + ZR(HVHI) + 2% (n?:n,’i) + 2R (/{Tﬂi)))
— 4ug (2/1(/{1*,,011 + /ﬁl;pﬂ) +u* (H,, + KL+ Kuop1 + liy,pll))>> (112)
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This matrix is diagonalized by Z%:
ZPm2, 27T = mg'e, (113)

with

phiL( gtl}) ZZR* R (114)

e Mass matrix for Higgs, Basis: (¢a, Ou), (0d; Pu)

(A e Ateen(n) )
my; =
_% (91 + 92)“d”u - %(Bu> _% (9% + 95) ( - 3”3 + vi) + m%{,‘, + |,“|2
This matrix is diagonalized by Z: 4
Zmi z™t = mg (116)
with
¢a=>_ ZHh;, Gu=Y_ Zfh; (117)
J J
e Mass matrix for Pseudo-Scalar Higgs, Basis: (04,04), (04,04)
L3+ 68) (= v2+03) + miy, + Il R(B,) )
Mao = i 2. 2 24,2 2 o | TEzm (2)
%(Bu) —g<91 +92><—Uu+vd) +mip, + |l
(118)
Gauge fixing contributions:
2 2
) iv (gl sin O + g2 cos @W) i VqVqy <91 sin Oy + g2 cos @W>
m*(§z) = 2 : (119)
ivdvu (gl sin Oy + g2 cos @W) i (91 sin Oy + g2 cos @W)
This matrix is diagonalized by Z*: .
ZAm%0 Z0T = m3%, (120)
with
oa=» ZHAY, ou=Y ZHAY (121)
J J
e Mass matrix for Charged Higgs, Basis: (H;,H*),(H; ", H)
2 My 193vavy + B} 2
A * )+ ) (122)
1920aVu + By Mg
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My = 5 (03 (= 02+ 03) + g3 (03 +02) ) + m, + |uf?

1
8
1
Mgy = 5 (98( = vd+02) + g (v +02) ) + miy, +Iul?

Gauge fixing contributions:

1,22 1,2
2 . 1927 —295VdVy
m*(§w-) = 1,2 1.2 2
—2192VdVy 192V

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

with

- _ + - +_ + gt
Hy =) ZjH;, HP =Y Z}HH,
7 ;

4.2.2 Mass Matrices for Fermions

e Mass matrix for Neutralinos, Basis: ()\B,Wo,flg,ﬁg) , (AE,WO,ﬁg,Hg)

M, 0 —3910d 59104
0 Mo 39204 —3g2vy
mxo = 1 1
—591Vd 59204 0 —p
39100 —3020u  —h 0

This matrix is diagonalized by NV: '
N*m;(oNT = mdip

with
Ap = ZN;H)\?’ W = ZNJB)\?’ Hj = ZN;'KS)‘?
J J
Z i\
e Mass matrix for Neutrinos, Basis: (v1), (v1)
m, = ( %vi(nu + HZ) )

UV,*myUV,T _ mgia

This matrix is diagonalized by UV :

with

VLz*ZUV*
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(130)

(131)

(132)
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e Mass matrix for Charginos, Basis: (W*, f{;) , (W*, f{j)

This matrix is diagonalized by U and V

with

* T di
U mi—V —m){,“

WT=D UM Hp =) U
t to

2
v+t — * \t+ T+ — * \t+
W=D VAT HE =) Vi,
to ta

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

This matrix is diagonalized by U7 and Uj

with

e Mass matrix for Down-Quarks, Basis:

This matrix is diagonalized by U¢ and U}%

with

o= (et

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

€,k
€L = E UL,jiEL,j

ta
_ e *
eri =Y UhiiEh,
to

(dra0) s (d’é,m)

mq = ( %Udéalﬁlyd’r )

d,x dt _ . di
U mqUg' = mg™®

d,*
dL,ia = E UL’jiDL,ja
ta

_ d *
dRia = E URr,i; PR ja

to
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(136)

(137)

(138)

(139)

(140)

(141)

(142)

(143)

(144)

(145)

(146)



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

My, = ( %vuéalﬂlyf )

This matrix is diagonalized by U} and Up

U m Uyt = mdie

with
Urio = » UL UL ja
to
UR,ia = Z Uk.i;UR. ja
ta
Vacuum Expectation Values
1 1 1
HY = \/§ \@vd +1 fgd
1 Lot 1 n 1
wt —=Uy +i—
Ha V2R V2
1 1
% hil, + ¢ —=sigmal

Tadpole Equations

w
0dq

oy
ov
OphiL;

3
=0

1 A1
(B 85) ot ¢ e ) ) )

VLt Yo =i o2) - (5,) 4

+ |uf?)

Particle content for eigenstates >EWSB’

Name Type complex/real  Generations Indices

d Scalar complex 6 generation, 6, color, 3
U Scalar complex 6 generation, 6, color, 3
e Scalar complex 6 generation, 6

vl Scalar real 3 generation, 3
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(148)

(149)

(150)

(151)
(152)

(153)

(154)
(155)

(156)



vl Scalar real 3 generation, 3

h Scalar real 2 generation, 2

A0 Scalar real 2 generation, 2

H~- Scalar complex 2 generation, 2

g Fermion Majorana 1 color, 8

% Fermion Majorana 4 generation, 4

v Fermion Majorana 3 generation, 3

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
vy Vector real 1 lorentz, 4

Z Vector real 1 lorentz, 4

W= Vector complex 1 lorentz, 4

n% Ghost real 1 color, 8

nv 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)

1 1
I ; (p?) = +4F5i,d:;,w+,w— ( — ngSm%/V_ + 4 (m%v_)) + QF(L,J’; 5 Z( — irMszz + 4 (m%))

2 2
1 2 2
) Z Ao (mAS)F@,J;,AQ,Ag - Z Ao (mH; ) L. I Hi Hy
a=1 a=1
LS~ 4o (m2 )T LS 4o (m2 )T
) Z 0<mha> di,d% hasha 9D Z O(mvi) did; i v
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2
72§ muag B()(}72,mia,m%_)m)2 (FL:f e +T8 Tk )
X b TtaXy  dfsUasXy A3 ua, Xy, A uaXy,
a=1 b=1
3 2
2 2 2 L L
+ E g G0<p ,mua,m~,)(l“:j e ~_+F€ff ~_F15 )
X dj sUas Xy, dl yUar Xy, dj sUa s Xy d, 7ua7Xb
a=1b=1 :
3 4
—25 mq E BO( 2. m? m2o)m~ (I‘L:* e IR L )
a P M T )G\ G e 00 ok T A8 dan XY d2 e
a=1 b=1
3 4
2 2 2 Lx L Rx R
+ G( m m~)(F; I'= s s )
leb <0 P Mo Ml J\S Gt 00" dt i) T d5dakl a2 daokl
a=1 b=

Hy )™ d i, d* e, Hy
a=1 b=1
3
_§m~ZBO(p2 mz,m )md (FL~* re I L )
3 gb . Mg, M, PN dygu,dy dYLgn,dy drgrdy drgdy
13
+32_Go (P m; mﬁ)(ré{ rt Re DR )
31;71 b dx.g1,dy df,g1,dp s gu,dy d7 g,
48 6
ST Ta e Fo(ptomd 0) + 3T T Fy(p?md,0)
+3Z cody drgdyt O\PT Mg, 0)F & ovdy sy O\P
b=1 ' b1
6
re _T: . Fy(p*m%,m? ZI‘*: I Fy m2 m2. 1
+Z d;vzadb dr,Z,dy olpP, dy’ ' Z + d;,W*,ﬁb Wiy p o M (57)
b=1 b=1
e Self-Energy for Up-Squarks (@)

1
Hm(pQ) — +4Féi,ﬁ;,w+,w (— irMSm%,V_ + Ag (m%v_>) + 2Fﬂi,ﬁ;,z,z(
1 2 2
7§ZA0<7TL1243>F ﬁ;’Ag’Agzle(miI{:)F:
a=1 a=
772‘40( %L) ulu Jha,ha

- %rMSmZZ + A (m%))

i, HE Hy

2 2 2 Lx R R* L
22”%2; ZBO (p ’mx;’mdb)mdb (F <t gt TG X Fan) i ,db>
a=1 b=1
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3
2 2 L L R R
ma_,m | = Iz, . I |
+ZZGO(T” % db)( KT T s T AT E - 81,1 s

2 6 18
2 2 2\ - 2
+ 3" Bo(phml m3 T e i Tty — 5 90 Ao (M2 )T s v
a=1b=1 a=1
3
1 2
2§ :AO muf Fﬁl,ﬁ;‘,uf,yf
a=1
3 4
E § 2 2 2 Lx R Rx L
2 mua BO (p 7mua’mig)mxg (FUJ 7ua7XbFu1 7ua7Xg + FuJ 7uaaXbFﬂ:7ua7>22>
a=1 b=1
3 4
2 2 2 Lx L Rx R
+ § E GO (p ’mua7m)22) (Fuj ,ua,xbru u,l,x(b’ +Fu] ,ua,xbrﬁfv“a»ig)
a=1b=1
6 6
2 . 2 o
_CZAO (m )Fuuj 5da ZAO (méa)rﬁua;,é;éa
a=1 a=1
6 6 2
2 - 2 * 5
a=1 a=1b=1
2
2 2 2 *
+ E By (p ’maavmhb)rﬁ;,aa,hhrﬁ;‘,ﬁmhb
a=1b=1
8 3
5 2,2 Lx R Rx L
33 Bo<p Mg, My, )m"b (F HER Y L,gl,ub+Fﬂ;,g1,ubra:,g1,ub>
b=1
4 3
2 Lx L Rx* R
T3 > Go (p mg,m )(F HETRRE TR +Fa;,§1,ubra:,§1,ub>
b=1
6 4 6
* 2 * . 2
+ E F s Wdy F~ W deO(p md » My — ) + 3 § :Fﬁ;,g,abrar,g,ﬂbF (p mub70)
b=1 b=1
2
+ ZFu s ub l”Y ubFO (p mub’ ) ZF”* Z,up U; ,Z’thO (p mub’mz) (158)

e Self-Energy for Sleptons (é)

Hi’j(pQ) = 44T, LW W (— %rMSm%V, + Ao (m%v,>) + ZFéq;,é;,Z,Z( — %rMSmQZ + Ag (m%))
2
-z ZA0< ) &.81,A0,A0 ~ ZAO (mia )Fé7,** HE HT
1a:;
Y ZAO< ) el,e.,ha,h,,, - 5 ;AO (mz%fi)ré,,éj,v;,l/é
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3 2
>y Bo(p m2 m? Jme (TEr, TR arRTE )
b oYXy  €5VasXy €iVarXy  €55VarXy
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1=
3
m L
1
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a
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_|_
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g § Lx R Rx
2 €a BO(p me M3 U)mx (Fé;veavigl—‘eweaaxg +F€J,€a7xbréf7ea7ig)
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3 4
Go(p?,m2 ,m2, ) (TL Tk rés vk
+ZZ o\P [ 0 e],ea,xb 67,ea,xb+ ewea’xb ei’ea,xl?

a=1b=1
6 6
—32 Ag(m?2 s. o7, 5 — g Ao (m?2 T
0 da, l,é;‘,d*,da 0 a )" EisE0 8% 8
a=1 a=1
6 6 2
2 2 2 2 *
-3 E AO(ma ) R R + E E BO(P 7méa7mAg)Fé* 5 AUFe Ea,AY
a=1b=1
6 2 3
+ B m2 ,m? T'% 5 +§ I T Ey(p?, m2,, m?
> > Bo(p®mE, mi, & oL € 2a & Wit & W FONP Ty Ty
a=1 b=1 b=1 ’
3
* 2
+§ :Fé}-,WiufréEW_ RF(J(p m R’mW )+§ :F , 6 mebF (p meb’o)

+ZF”* Zeb e ,Z,e;,FO (P mebam%) (159)

e Self-Energy for CP-odd Sneutrino (v%)

1
_>) + 2FD§,I);,Z,Z( - §rMSmZZ + Ay (m%))

”SZ

1
Iij (0°) = +4T51 o w w- ( - irMSm%,V_ + Ao

2
1
ST ITHCERCIFPRRE Sy (o LA
a=1

3

1< ) 1 ,
=52 Ao (mh ot nn, — 5 2 Ao (muz)%z:;,u;,ug
a=1 a=1
1 - 2 opx 2 2 2 *
_ 5 ZAO (ml’f) V’ l)J,l/f,VR + ZZBO (p ’mV};’mA8>PD},Vé,ASFvaVZ7A2
a=1 a=1 b=1

30



+ZZBO(}72 mzﬂ’mhb)l—‘v l/" hbrl/”l’aahb

a=1b=1
3 2
By(p* m%o )T r
+ Opvm A VVRAO vivl A9
a=1b=1
2 *
+Z§ Bo (P mE g md, )T Dot it
a=1b=1

3 2
43" m, S Bo(p2,m3 ,m2~7>m-7(Fﬁ*, TR TR L ~,)
a’ Xy Xo 7 7h8asXy  Vih€arX, Vi€aXy | Uih€asX,
a= =

3 2
2,2 2 L L R R
—1—25 E Go(p ,me ,m~,)(I‘,f, e 4T T ~,)
a? %, Ve, %y VEheasX, 7iea %y Vih8aiky

a=1b=1
3 4
2 2 2 Lx* R Rx* L
~2) my, Y Bo (p My s mxg)’”xs (Fa;,ua,xgraz,ua,xg + Fa;,ua,xgrag,ua,xg)
a=1 b=1
3 4
2 FL'* L Rx* FR-
+ZZGO( my, D 0)( V;,ua,xgrv7,ua,x° +1—‘1);$VaaXb f/;,va,fcg)
a=1b=1
6
=3 Ag(m2 )T, im s — Y Ag(mZ \Tsi i o s
0\""q, )* viwids.da o\"e, |t vivies.eq
a=1 a=1
6 6 2
2
*32/10(7”1) RN 7ua+2ZZBO(p Mg, My )F e Ho L vk en Hy
a=1 b=1
3 6
* 2 2 2
+§ Th: 2T ZVRFO(p m R,mz) +23 T e, FD;’W+’ébFO(p ,méb,mw,) (160)
b=1

e Self-Energy for CP-even Sneutrino (v)
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e Self-Energy for Higgs (h)
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a=1b=1
2 o 2 2 2 \pLs L - Rx R
-3 Bl(p y Mg, T ) Uj,Ta,g1 ul,ua,gl_izBl(p m“b’o)ruwgub Ui,gsup
a=1 b=1
3
_ZBl (p2 muwo)I‘g:,’Y up gbi,%ub ZB1<p m“b’mz)rfizvubrg‘rz’“b
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e Self-Energy for Gluino (g)

6 3
= +ZZBO(p2,mZb, a)

a=1b=1

e

Lx*
T~ -
gi,d},dp

9gj 7d* ,dy mdb
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a=1b=1
(183)
ER( 2) _ _12622323 2 2 2 FR* FR
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163322 Zrfs.  TZ - 3B ,0)TE* 1L 184
_522 I\P " My s Ma, ) g, 0% upt §i,a% 1]9 m 95,9,917 Gi»9,91 ( )
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Lyhy B (p*,m? )T T - 3B ,0)TEx TR 185
_522 L\P My, , M GjyU%,ub™ Jiylg U 1 p m 95,9,917 Gi»9,91 ( )
a=1 b=1

e Self-Energy for Z-Boson (Z2)
H( ) +|FZ7] m- ‘QBOO <p25 m%*vm%*) + ‘FZ7njr7n+|QBOO (p27m%+am%+>
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1
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e Self-Energy for W-Boson (W)
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a=1b=1 a=1b=1
6
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8.2 Tadpoles

51521) =+ Ay (m?v*)rﬁm_‘,n‘ + Ay <m127+)1“hi717-+,n+ + Ag (miz)rﬁi,n_z,nz
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B Z Ao (mif;)rﬁiﬂiﬂ; - Z Ao (mh )Fhl,ha,h
a=1
2
2 L
+23 Ag(m2 Yy (TE 4R ) -2 ZAO( )i
a=1
1 3
- §ZA0(m )Fh vE VR +62A0(md )md (Fﬁudayd -I-FR o, )
a=1
3
+23" Ao(m2, Jme, (T, +TE . )
a=1
3 3
+6 Z AO (mia)m“a (Fﬁ yUg,Uq, FiLRiﬂa,vLa) + Z AO (mga)m”a (Fﬁl,va,ua + Fﬁ,ua,ua>
a=1
4
+3 " A (mi ) (rL Fosozo +TF %M) 3 Z Ao (mza) b,
a=1
6
- ZAO( 2) hiséséa 32’40( )Fm,ar,aa (188)
a=1 g '
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9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction
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9.9

Four Vector Boson-Interaction
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Clebsch-Gordan Coefficients
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