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1 Superfields

1.1 Vector Superfields

1.2 Chiral 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
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 H, 1 (-1,2,1)
H,| H, m, 1 (3,2,1)
d | dy a5 3 (3,1,3)
i uj, uf, 3 (-2,1,3)
é €R eR 3 (1,1,1)
8 S S 1 (0,1,1)

2 Superpotential and Lagrangian

2.1 Superpotential

W=—YydiHy —Y.elHy + \H,Hy§ +-r355 + Y, 0qH,

2.2 Softbreaking terms

—_

3

1 - -
~Lspw = + §S3TK — HYHSTy + Hy HY ST + HYd}, ;00080i;dL. ;5T 0,5

— Jx ~ 0 ~% ~ — ~% ~
— Hydg ;00ap0i50L,8Ta,i5 + Hq€r 0ijer,iTeij — Hy €g i0i0iTe ij

2

— H W j00ap0ijdr 6 Tuis + HiU iadapdijir s Tui +hc.

—Lsp,g = +mi, [H? +m3, |Hy > +m3 |HY? +m3y, [H [P +m|S1> +d}, ia0asm? i dL s

T 2 7 ~% 2 = ~% 2 = ~ % 2 =
+ dR,ia0apMy,ijdR,js + €L M ;€L + €RMe i;€R,; + UL 0008y ;UL

~ % 2~ ~xo 2~
+ UR 000y ijUR 8 + V; My 15Vj

1

—Lsp = 5

(A%Mléij + Mabij Ay i Mvip j + Madijhgargs + h.c.)



2.3 Gauge fixing terms

2.3.1 Gauge fixing terms for eigenstates ’GaugeES’
L __18B271_18 2—1_181/[/271
GF = 2|u 1*¢s 2|#9|£g 2|u I“Ew
2.3.2 Gauge fixing terms for eigenstates >EWSB’

1 _ 1 _ 1 _ " 12—
Lor = = 5109176 = 510,016 =1 = S92 (Hiva = viHE )& + 0, Pt

11

—5l3 (25‘/LZ + (odvd — Juvu)fz (91 sin O + g2 cos @W)) ‘2551

2.4 Fields integrated out

None

3 Renormalization Group Equations

3.1 Anomalous Dimensions

1
7 = ~5 (45g2 +80g2 + 91)1 +Y, Y+ VY,
) 15, 1 199 , 8 1
WD =+ (80303 + od + 559 (169 +993) + gosat — 59d )1+ ZotVIY, — APV,
2
—ovy,viv, - 2viv,Yiv, + YdTYd( _ 3Tr(YdeT) + gt = WP - Tr(YeYeT»
— YTV, T (YuYJ>
. 3
=~ (503 +4t) 1+ VY.
3
0 = 35 (12503 + 309763 + 699%) 12V VY],
+ YJYe( 3Tr(YdYT) + 5g1 A2 — Tr(YEYJD
1) _ ) _ i 2 3 5 2 ( T)
) = 3Tr(YdY ) 59— 58+ AP T (VoY
207 , 9 15 2
o =+T00 09+ TgUte + as — 2ARPAT 3NN - gngr(YdeT) + 169§Tr<YdeT)
n gngr (Y YT) - 3|)\\2Tr(YUYJ) - 9Tr(YdY;YdY;) - 3Tr(YdYJYqu)
— 3T (YeYj Y@Yj)
3
1) = =5 (10T (Vay)) + 563 + g7) + AP

(12)

(13)



207 , 9 15
12 =+ gt + SR+ —gh — 20PN — BN — |A|2(3Tr(Yde) + Tr(YeYj»

10091 " 10 1
4
+ gt (Y YT) + 16¢2Tr (Y YT) — 3Ty (YdYTY Y*) - 9Tr(YquYuYJ>
7(}) =2Y;Y] - = (20932, + 9%)1

2
((12) +%( —100g5 + 101g7 + 809193) - 2(Y;YdTYd*YdT + Yd*YuTYJYdT)

+yYT ( 22— zﬁ(yeyg) +6g2 — 6ﬂ(Yde) n ggf)

8
4D = gy YT—B(5g§+g%)1

) 8
7P = 595 (10791 2593 + 809193)
2
- (5(vavd iy + ey IvevD) + vovE (= 1563 + 15T (VY] ) + 502 + g3))
AV = oyry T - g 21

234

WD = v YIYIYT 4 g+ Yy YT( AP - 2Tr(YeYJ) +6g2 — 6Tr(YdeT) - ggf)
1

AV = 2(Jnf + )

722) = —8k%K"? — 8\|K[2N*

2
- 5\A|2’(10M* — 1562 + 15Tr<YdeT) + 15Tr(YuYJ> —3g2 4+ 5Tr(YeY;))

3.2 Gauge Couplings

B = ﬁ :

B = = ( - 130Tr(YuYJ) 413562 + 199g% — 30|A[2 + 44092 — 70Tr(YdeT) — 90Ty (YYT))
3(1) = 92

B2 — 792 ( 10N — 10Tr(Y YT) +1202 + 12562 — 30Tr(YdYT) - 30Tr(Y v ) + 9g$)

B

B2 7g (1191 . 20Tr(YdYT) — 20Ty (Y YT) + 4562 + 7093)

3.3 Gaugino Mass Parameters

B

66 2N,

(29)



B2 — —gl (398ng1 + 135g2 M + 44092 M, + 44092 M + 1352 My — 30\* (Ml/\ - TA) - 70M1Tr(Yde )
- 90M1Tr(YeYJ ) - 130M1Tr(YuYJ ) + 70Tr(ydT Td> +90Tx (YJTS) + 130Tr(YJTu))

AL = 2g2M

B2 792 (9g1 My + 12092 M; + 9¢2 My + 25092 My + 120g2 My — 100* (MQA - T,\) - SOMQTY(YdeT)
_ 10M2Tr(y;yj) . 30M2Tr(YuYJ ) 4 30Tr (Yj Td) £ 10Ty (YJT6> 4 30Tr (Yj Tu>)

Bin) = —69§M

B = fgg (11ng1 + 1192 M; + 45g2M; + 14092 M; + 45¢2 My — 20M3Tr(YdYT) — 20M3Tr(Y YT)

+ 20T (Y[ Ta) + 20T (V. ) )

3.4 Trilinear Superpotential Parameters

1
ggg - 1—759% + A% + Tr(YeYJ» +YaY,[Y,

BY) =+ ledYTY APYYY, — aYaY Yavivy — 2vaviv,y) v,

B = 3Yay[Ya+ Ya( - 363 + 31 (Y] ) -

1
VYV, YlY, + YdeYd< — 32— 3Tr(YeYJ) +6g2 — 9Tr(YdeT) + 79%)

5
- 3YdeYuT&r(YuYJ)
287 15 , 8 16 , . .
+ Yd( 9 g1+ 9195 + ?92 + 99193 + 89595 — 593 — 2X[K[2A* — 3TN
- %ngr(YdYT) + 16g§Tr(YdYT) + gngr(Y YT) EY Tr(Y YT) - 9Tr(YdYTYdYT)

— 3T (YdYJ Y, Y] ) - 3Tr(Yng Y.Y} ))
By = 3v.vly. + Y6< — 3¢5 + 3Tr(YdYJ) - ggf +IAP+ Tr(YeYJ))
@ — vy, + YeYem( ~3A2 - 3Ty (YeYJ) +6g2 — 9Tr(ydyj))
2791 + 29192 + %593 — 2A|K[2A — 3AZAN2 %g%Tr(YdeT) + 16g§Tr(Yde)
+ gngr (YeYJ ) _ 3|/\|2Tr(Yqu ) _ 9Tr(Yde YY) ) _ 3Tr(YdYuT v, Y] )

+Y(

3T (v.Yv.Y) )
(D = 2)|k]? — 32\ + 3ATr (Ydyj) + 3T (Yqu) AN — 5glA T (Y YT)

2 * * *
@ = —%A( — 207g% — 90g%g2 — 375g% + 400K2K™2 + 600A|[2A* + 500A2A"2 + zongr(Yde)



- 8009§Tr(Yde ) — 60g2Tr (YYT)
— 30[A2 (1095 - 15Tr(YdeT ) 15Ty (YuYJ> 2% — 5Tr (Yeyj)) - 4og§Tr(Yqu)
- SOOggﬂ(YuYJ ) +450Tr (YdeT YY) ) +300Tx (YdeYqu ) +150Tr (YeYj Yeyg)
+ 450Tr(YuYJ YuYuT))

B = 6 (|rf? + [A2)

BE = —g (205252 + 20 f2A"

+ |/\|2(10>\/\* — 1562 + 15Tr(Yde) n 15Tr<Y YT) — 32+ 5%(3@3/;)))

13 16
g :3YuYTYu+Yu( 392+3Tr<Y YT) - 5o+ AP )+YquYd
3 =42 g1Y VIV, + 693V, Y, Y, — 3\2Y,Y,]Y, — 2V, Y Y.y iy,

5
—2Y, YIVYlY, — 4y, Y]Iv, Y}y,

2
n YuYTYd( _ 3Tr(YdeT) + gt - AP - (YYT)) _ 9YquYuTr<YuYJ>
2743 , 15 , 136 ,

4 2y 2y %,2
_9 _ ;
150 91 + 9795 + 292"’ 15 93 AlE[FAT = 3A%A

—— 9195 + 89395 —
4

+Y( o

— R (3me (vay) ) + T (vexd) ) + S ot e (vav) ) + 163 T (v ) — 3Tx (Yavvayy)

5
— 9Ty (YuYJ Yqu)>

Trilinear Soft-Breaking Parameters

7 16
B = HAYaY Ty 4+ 2YaY [T + STV Yo+ Ta¥ Yo — 2 03Ta — 303Ta — 5 63T

+ ATy + 3TyTr (YdeT ) 4 T,Tr (YYT)

Yy (QA*T,\ n 2Tr(YTTe> +6g2My + fm(Yde) 15 G2M, + 32g§M3)

B = +5ledY Ta + 693YaY Ty — 4N2Y,Y )T, — gglMleY Y.,

8 6
+ 5ledYTT —2\PYRYIT, + 5g§TdY Yy + 12¢3T4Y, Y,
4
— BIAPTLY Y, + 3g%TdYuTYu — \PTayly, — vy vayiTy
— 8Y Y TyY Yy — 2Y VIV Y T, — aYaYiv,YIT, — 4,y iT, Y)Y,
—AYuyiT iy, — 6T,y v, Yiv, — 4T, YiY, YV, - 21 Y, Y] Y,

(44)

(45)



+ %gi‘Td + 9793 Ta + 1592Td - SglgSTd +89395Ty — 1969§Td — 2\|R[PA* Ty
= BANT = 2NV YT~ 12YaY TaTe (YaY])
— 15T, Y] Yy Tr (YdeT ) . ? TdTr(YdYT) +16¢2T,Tr (YdYT)
—avy] TdTr(YeYj) — 5TV YdTr(YeYJ) n g ngdTr<Y Y] )
— 6Y Y T, T (Yqu ) — 3T,V Tr (YUYJ ) - 3|/\\2TdTr(YuYJ )
_ %YdeT Yd<15)\*TA +15Tr (YJTE> + 3092Ms + 45Tr<Y*Td) +4g2 M1>
— Y YV, T (YJ Tu> — 9T, Tr (YdeT YY) ) — 3T, Tr (YdYJ Y,Y] )
— 3T, Tr (Y vy, Yj)
- —Yd (287g My + 45g2g2 My + 40g2g2 My + 40g2g2 M + 36092 g2 My — 160¢3 M
+ 4597 g5 My + 67595 My + 36093 g3 Mo + 270AN* 2Ty, + 90k* \* (/iT,\ + )\Tn)
— 1842 MlTr<YdYT) + 72042 M3Tr(YdY ) + 542 MlTr(Y YT) n 189$Tr(YTTd)
- 720g§T&«(YdT Td> - 54g§ﬂ(YJTe) + 135X (/\Tr (YJTu) + TATT(YUYJ))
+810Tt (Yde T, ) + 135Tr(YdYJTqu ) + 270Tr(YeYJ .Y} ) +135Tr (Yuyj T,Y} ))
BY = 44V, YT, + 5T.Y] Y. — g — 32T, + |\*T. + 3T, Tr(YdY ) LTI (Yeyg)
+Y, (2>\*TA T (Yj Te> 4 6g2My + 6Tt (YTTd) ?gl M1>
2 = +691Y YT, + 662V, YT, — 4N2Y.YIT, — gng vy,
+ 12g§T Y1V, - 5|/\\ T.Y!Y, - 6Y.Y)Y.Y]T, - 8Y.YIT.Y]Y,
— 6T.Y, YYTY+ T+§glgT+ —gaT. — 2\|K|*A* T, — 3\2A*2T,
- 12Y6YJT6TT<YdeT )~ 15Ty (vay]) - gngeTﬁr<YdeT )
+ 16637 T (Yay] ) — 4.V T T (vov] ) = STy YT (v
+ gg%TeTr(YeYj) — 3APTLTr (YUYJ>
— 6V Y]V, (208Ms + 3T (V) + N T+ Te (YITL ) ) = 97T (Yav ] vav] )
- 3TeTr(YdYJ Y,Y] ) 3T (YQYJ vY! )

2
- Y. (1359 My + 92 g2 My + 9¢2g2 Moy + 563 My + 30AN2T + 105*\* (KT)\ FT )



- ngMlTr(Yde ) + 80g2 My Tr (Yde ) + 6g1M1Tr<Y v ) 4 22Ty (YTTd)
~ 80g2Tr (YdT Td) — 642Tr (Y;Te) 150 (/\Tr(YJTu) T Tr (Yuyj)) 4 90Tr (Yde TdY;)
+15Tr (YdYuT T,V ) +30Tr (Yeyj 1Y} ) +15Tr (Yuyj v} ))
BY) = 41 glM1>\ + 692 Mok + 2k (2)\T,€ + HTA)
Ty (12|/\|2 —3¢2 +3Tv (Yde) 43T (YUYJ) - ggf + Tr(YeYeT)) 4 6ATE (Y(}Td)
+ 2>\Tr(YeTTe) +6ATE (YjTu)
By = St - 15891921\41/\ 1589192M2/\ 3095 Mo A + 250079% + %gfgiTA
S g3Th — SONIN"2T), — Sk (4ATK + HT)\) + fngl)\Tr(Yde
— 3242 MSATr(YdYT) g ng,\Tr<Yde ) + 1642 TATr(YdYT> - —glMlATr(YY )
+ gngATr(Y YT) - §g§M1ATr(Y YT) - 3zg§M3ATr(Y YT) + gngATr(Y YT)
+ 1Gg§T,\Tr<YuYT ) - gngTr(Yj Td> + 32g§ATr(Yj Td) —gl)\Tr(YTT )
5 f)\Tr(YTT ) + 32g§ATY<YJTu)
- g|A| (20,@-* (2)\TK + 3I€T,\) Ty (15Tr (Yeyj) 3002 + 45%(1@1/; ) 4 45Ty (YuYJ) - 69%)
+ 2A(10g§M2 + 15Tr(YdTTd) £ 15Ty (YJTU> +2g2 M, + 5Tr (Y T, )))
— 9T (YavYav] ) = soaTe (Yav  Tav] ) — 63T (Yavi vay] ) — 10T (Yavi Ty
— 3T\Tr (Yeyj Yeyj) —12)\Tr (YeYj Teyj) — 12)\Tr (YuydlT T,Y] ) — 9T\ Tt (YUKJYUYJ )
~ 36ATY (Yuyj TuYJ)
B — 6(3|n|2TH TP (%TA + ATK))
FI ,g (1004221, + 10AN"2 (4T, + ATy, )
Y ()\TK< — 1562 + 15Tr (Ydyj) + 15Tr(YuYJ) — 362+ 5Tr(YeYj> + 60|/<;\2)
n 2K(TA( —15¢2 + 15Tr(YdeT) n 15Tr(yuyj) +20[K|2 — 3¢2 + 5Tr (YYT))
n )\<15g My + 15Tr(YTTd) n 15Tr(YTT ) + 32 M, + 5Tt (YTT )))))
) = L2V YTy + AT, + TLY Yy + 5T, Y] Y, — ngfTu — 3¢2T,, — 36 93T,

26 32
+ |\2T, + 3T, Tr (YUYD +Y, (2A*TA + 6g2My + 6Tt (YJTU) SOMy+ = M3)

10

(49)



4
2 = 4= le YT, — 2 \PY, YTy - SMY.YY, - 123MY,Y Y,
2
+ 691Y YT, +6g3Y,Y, T, — 4 \2Y, Y, T, + 5gﬁTuYCm
- |A|2Tqu*Yd + 12027, Y[V, — 5|\PT, Y, Y, — 4V, Y, v, YT,
— 2V, YV YIT, — 4y, YTy )Y, — av, YT, vy, — 6, Y Y, YT,

2743
450

Ty — 2\|K|2A* T, — 3N2AS2T,,

-8V, YIT, Y]V, — 21, Y]V, Y]V, — AT, Y]V, V1Y, — 6T, YV, VY, +

15 136 16
+ 9103w + 5 93T + = 9193 T + 89303 — 03

— XYYV T - 6V, Y Tt (Yav] ) - 3Ty vam (vay])

“—ZgiT,

- 3|>\|2TuTr(YdeT ) —2v,Y] TdTr(YeYJ> — Y YTy (Yeyj)
— |A|2TuTr(Y;YJ> — 12YuYJTuTr(YuYJ) _ 15TuYJYuTr(YuYJ)
+ gng Tr(Y YT) + 16427, Tr(Y Y*)
Y Y Yd(15Tr(YTTd) + 22 My + 5A*Ty + 5Tr (YTT )) - 18YquYuTr<YJTu)
- 3TuTr(YdYJ Y,V ) - 9TuTr(YuYJ Y, v} )

%Yu (27439le1 + 22562 g2 M, + 68092 g2 M, + 68092 g2 My + 180093 g2 M3 — 800g3 M3
+ 225622 My + 33753 My + 18009292 My + 1350AN* 2Ty + 450%™ \* (FLTA + ATK)

+ 180620, Tr (VY] ) + 360063 My T (.Y

+2250" ()\ (:m (Yj Td) +Tr (Y; T)) + Ty <3Tr (YdeT ) + Tr(YeYj ))) - 1809§ﬂ(yj Tu)

— 3600¢2Tr (YJTu> +675Tr (YdYJTquT ) +675Tr (Yuyj T,v! ) + 4050 Tt (YUYJ T,Y] )) (54)

3.6 Soft-Breaking Scalar Masses

o= 3 (=20 () = 1) =y, iy, (o) + (o) + 0o )
oa11 = 110 . <2Tr(m3> +3Tr (ml) +3mY, +3mYy, + 6Tr( ) + STr(mﬁ) T (mg)) (56)
1

o371 = %\/7?591 ( — 9gfqud — 45g§qud + 9gfm§{u + 45g§quu + 30( — quu + m%d> |/\\2 + 4(2095 + gf)Tr(m?,)
+369%Tr(m§) — 99%Tr<m12) — 4595 Tr(ml> +g%Tr< ) + 4595 Tr( ) + 80g3 Tr( )

— 32g3Tx (m2) — 16063Tx (m2 ) + 90m¥, T (Yav} ) + 30md, Te (VoY) — 90mdy, Te (Vi)

11



= 60T (Yay m3) = 30T (Yam2 Y] ) = 60Te (VoY m?*) + 30T (Yom#*Y, )

+120Tr (Yuyj mi*) — 30Tx (Yumg*yj ))

s (o) i i )

0o = 5(m«( 2) + Te(m3) + Tx(m2))

B =

ﬂ(2)

32
— 7175 21|M,y | - 3931|M3|2 — 6931 M |? + 2m3, Y, Yy + 2m3; Y]V, + 2T Ty
+ 2T T, + m2Y,) Yy + m2Y,]Y, + 2V m3Y, + Y] Yym?2 + 2Y,im?Y,

1
i 2
+Y, Yumy + ﬁgl 1oy

2
+ggf9§1\M2|2 + 3395 1| My |* + 3295931 M, |?

T 4593 (15(392 (2M3 4 Mg) _ 89§M3> +g? (2M3 T Ml)) 1M + -

+ %glm%deYd —dm3 NP Y - 2m3 NPY] Y,

—2m\2Y) Yy — 2| Th Y Yy — 20T Y Ty + ggfmzuyjyu

—2my |APY]Y, — dm3; (APY]Y, — 2mENPY]Y, — 2Ty PY Y,

+ 2—;5ng1* ((5(16@5 (2M1 + M3) +9g2 (2M1 + M2)> + 597g‘f'M1) 1
+180 <2M1Yj Yy — 2YIT, + 4MYY, — Y;Td))

— T}YIT, — %glMlTTYd + gngTTd —2\2TiTy

8 8 2
- 5911\41TT1/ + 5g§TTT —2\PTiT, + 5g1m2YTYd

PR Ya ot S GmAY IV, — NP2V 4 SV imivy
—2\2Ym3Y, + gg Y Yym?2 — |\Y,] Yam? + igfyfm Yo

—2\PYIm2Y, + gQYTY m2 — |\PY]Y,m? - 8m¥, Y] YaY] Yy

— Y]V, TiT, - 4YdT T,T)Yy — 8m% YV, VY, - aviy,TiT,

— AV T, TYY, — ATSY Y Ty — ATI T,V )Y, — 4TIV, YT,

—ATIT,Y Y, — 2m2Y VY] Yy — 2m2Y v, Y)Y, — 4V m3v,y] Y,

— 4V Ym2Y[ Yy — 4V Y Y m2Y, - 2 Vv Yam? — avim2y,YlY,

— 4V} Y,m2Y}Y, — 4V]Y, Y mlY, — 2]V, V] Y,m2 — 2N T YTy

12

1 * *
—g7 g5 My 1M + 169393 M31M;

(60)



i 32 2 1
— 2)\ TJYMT)\ -+ 69310272 -+ §g§10273 -+ 1—59%102,11 -+ 4\/71759110—3’1

—12m, VvaT (Yav]) - 6T)TuTe (Yav] ) = sm2vvare(vav])
=6V mavaTr(Yar]) = sy vam2 T (vav]) - amd, vivam (voy!)
— T T, Ty (YeYj ) — m2Y]Y,Tr (Yeyj ) oY m2Y,Tr (Yng )

—v] YdmgTr(YeYJ ) —12m% Y YuTr(YuYJ ) — 61T, Tr (YuYJ )
—3m2Y v T (YY) - 6vim2y (v, ) - svivem2 (v,
— 6TV, Ty (Yj Td) — 2TV, Tr (yg Te) — 6TJYuTr(YJ Tu)

— 6Y Ty Tr (T;YdT) — 6Y] Y, Tr (T;TdT ) — oy Ty Tr (T;YE)
—ov]y,Tr (T:TeT ) — YT, Tr (T;YuT ) — 6YY,Tr (T;TuT )

— 6Y]Y,Tr (mgydydf ) — VY, Tr (mgyeyj ) — VY, Ty (mfyg Ye)
— 6Y] Y, Tr (mgyj Yd) — YV, Tr (mgyj Yu) — 6Y YV, Tr (miyuyj )

6
557”) =~ giLM = 6931 | Mo [ + 2my VIV, + 2] T, + miY[Ye + 2¥ [ miY.

3
+Yiv.m? — \/;91101,1

3 .12
B =+ (3gf (2M2 + Ml) + 55g§]\42)11\42 + 2 gy YIY, — amy, WPYSY,

—2myy [ NPYIY. = 2mB A PYY. - 2T Y Y
+ %g%M{ ( —20YIT, + 3(595 (2M1 + Mz) + 69g$Ml) 1+ 40M, Y] Ye> CATIYIT,

12 12
— SEMTIY, + S RTIT, — 2NPTIT, + S,

12 6

— APmPYY. + Eg%YngYS —2APYImlY, + gg%Ytele

— NPYYem} — 8m, YIV.YY, —AY]Y.TIT. — 4YIT.T]Y.

—ATIY, YT, — ATIT,Y]Y, — 2m2Y]Y,Y]Y, — 4Ym2Y,Y]Y,

—AYIY.mPY]Y, — 4V V.Y m?2Y, — 2V Y Yom? — 2XTIY,. Ty + 6931095
6 3

+ 29710501 — 4\/;91103,1 —12m%, VY, Tr (YdeT ) — 6Tt TeTr(Yde )

— 3m2YY, Tr (YdY; ) — 6Y m2Y, Ty (Yde ) — 3V Y,m2Tr (Yde’f )

— 4m% YAV, Tr (YYT) — 2T T, Ty (YYT) - meJYeTr<Y€YJ)

- 2YJm§YeTar(YeYJ) - nfyem%ﬁ(yeyg) - 6T§Yen(yj Td)
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—ort YeTr(YeT Te> — 6V T, Tr (T;{YdT) — 6V, Tr (T;TdT )
Vi Ty (TE*YET) — VIV, Tr (T;TZ ) — 6YY,Tr (mledeT )

— oyt Yeﬁ(mgyeyj ) — oyt Yeﬁ(mfyj Y) —6v] Yeﬁ(mgydf Yd) (63)

6 3
— —ggf|M1|2 — 69§|M2|2 + 2m%[d|)\|2 + 2quu|)\|2 + 2m§\)\|2 + 2|T>\\2 — \/7g101,1
d

5
+ 6m?2 Tr(Y Y*) +2m? Tr(Y vi ) n 6Tr(T*TT> n 2Tr(T*TT) T 6Tr(m2Y YT)
Hy dlyg Hy ele ddd ele dtdrg

+2Te (VY] ) + 2Te (mYY, ) + 6Te (m2Y Vo) (64)

1 *
= > (ngl (621g§M1 +90g2 M, + 4592 My — 40M, Tr (Yde ) + 120M1Tr(YeYJ ) + 20%(5/; Td)

— 60Tr (YjTe))

+5(303 (303 (2Mz + My ) + 5563 M ) M

- 2(30 (m%;d +mi, + m%) N2 4 10K* ((4m% +miy, + m%{u)/@\)\ﬁ + Ty (KT,\ + )\TH)) — 1595022 — 3930211
+2V15g1051 + 2g%m§,dTr(Yde ) — 80g2m3, Tr (Ydyj ) - 16Og§|M3|2ﬁ(Yde )

- Gg%mi,dTr(YeYj ) + 15|T,\|2Tr(YuYJ ) + 80¢2M; Tr (Yj Td> + 15AT;Tr(YjTu)

— 202 My Tx (T;YdT) + 8092 M5 Tr (T;YdT) + 22T (T;TdT ) — 80g3Tr (T;TdT )

+ GnglTr<Te*YeT) - 6g§I&~(TgTE ) + 2g§ﬂ(m3Yde ) - SOggTY(mZYdeT )

—6g°Tr (miYeYj) — 63 Tr (m%Yte> + 2¢5Tr (ngdTYd) — 80g2Tr <ngdTYd)

+ 5 (2T,: (/-;TA + /\TK>

+ 3(4)\|T,\|2 + (2m§,u +ml, + mQS))\Tr(YuYJ) + T,J‘r(Tj[YuT) T (T;;Tf) T (mgyjyu)
+ ATr (miYuYJ)))

+ 90my, Te (Yav Y] ) +90Te (Yay Tur]) + 15m3, T (vav, viy])

+15my, Tr(Yav VoY) ) + 15T (Yavi T, 1)) + 90T (YaT Ty )

+15Tr (YdTJTqu ) +30m2, Tr (YeYteYj> +30Tr (YeYjTeTj ) +30Tr (YeTjTeYj)

£ 15Ty (YquTdTg) + 15Ty (YuTdeYJ ) +90Tr (mledeT Y,y ) +15Tr (mgydyj Y, Y] )

+ 30Te (m2y, v YeYJ) + 30Tr (mfyjyeyj Y) +90Tr (mgyj Yo Yd) + 15Tr(m§YdT Y,v! Yu)

u

(
+ 15T (m2Y VY Ya) + 15T (m2vayvay))) ) ) (65)
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3
B =-% 91|M1|2 693|M2|2+2m%{d|)\|2+2m§{u|)\|2+2m§)\|2+2|T)\2+\/;glgl’l

+6mZ, Tr(YuYJ ) + 6T (T;TUT ) 46T (m?IYJYu) 46T (mimj) (66)
1
BY = ( 20y ( - 40Tr(YJTu) + 452 My + 62162 M, + 80M1Tr(Yqu) + 9og§M1)

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

- 2(30 (mgd +mi + mg) A2A2 4 10K ((4m§ +my, + m%lu)nw? T} (KTA + )\TK)) — 1564005 — 3¢20011

— 2V/1bgio31 + 15\TA|2Tr(YdYJ) + 5|T,\|2Tr(YeYJ> — 4g?m3 Tr (YUYJ>

— 80g3m3y, Tr (VY ) — 16003 1M3 2T (VY ) + 15N T (Y Ta) + 5073 T (VT )

+ 809§M§ﬁ(iju) +4g? MlTr(T;YuT) + 8093M3ﬂ(T;Yf) - 4g§Tr(T;T{)

— 80¢2Tr (T;TuT )

5\ (12>\|T,\|2 Ty (/-;TA + ATK) + 6m ATr (YdY; ) +3m2 ATx (YdeT ) + 3m§ATr(Yde )

+2m NTr (VoY) )+ m X (VoY) + mBNTr (Vo)) + 3T (T v ) + 3t (1577

L TTY (T;YET) FT (T:TE ) + 3ATr (mgdej ) AT (m?YYT ) AT (mfyjye)

13T (m?IYdT Yd>)

- 4ng1«( gyjyu) - SOggTr(mgyjyu) - 4ngr(m Y, YT) — 80g2Tr (m Y, YT>

+ 15m2, Tr (YdYJYqu ) +15m3, Tr(YdYJYqu ) + 15Ty (YdYJ TuTj)

+ 15Tr<YdTTT YT) n 15Tr< YTTdTT) +90mZ, Tr(YuYJ Y, v} ) n 90Tr( Y YiT,T! )

T 15Tr(Y TiTv ) + 90Tr<Y TIT,Y} ) n 15Tr(dedYT Y, YT)

+15Tr ( 2y i,y Yu) +15Tr (m2YJ Y,V Yd) + 90Ty (mgyj Y, v} Yu)

+ 15Tr<m Y, Y*YdYT) + 9()Tr(m Y, v}y, YT)))) (67)
5&% = 15 1My ? — §g31|M3|2 FAm2 YaY] + ATT) + 2m3YY] + 4Ym?2Y]

1
+ 2Ydede + 2\/71»591101,1

64 4
B} =429 ( — 30g2M; + g? (2M3 v Ml))1M§ +z
+ 2403| Mo Y Y] — 8m2 [APYaY] — 4m2 N2YLY)

gim%y, YaY,) +12g3m3;, Yav,

4
—Am2NPYRY] — 4 PYy) - gglMlydT — 1293 Mo Y, T)

15



+ 59t My ( (303ng1 + 4042 (2M1 + M3>) 1— 45T,Y] + 90M,Y,Y] ) —1202ME T,V
—ANTYT,Y) + ngdTT +12¢3T, T — 4|A|2‘TdTT

2
+ 5glmdydyT + 6g3m2Y Y, — 2 APm2Y,Y] + g1 2Yym2Y,)

+12g3Yym?2Y] — 4\ PYam?2Y] + g%Ydmid +692Y,YIm?

5
— 2NV Yim3 — 8m3, YoV VoY) — avaY TuT) — am?, Yoy, v, Y]
—dm¥ YoV, —av,viT, T - avyTiTyY) - avyTiT,Y)
—AT,Y Y T — 4TV, T — 4Ty Tiv,Y) — aTyTlY, Y]

—2mAY Y, Y Y] - 2m3Y Y VY] — avumlY] YY) — avumly]Y, Y]
— AV Y mAY,Y] — AV Y Yam?2Y] - 2V Y vay m3 — av,vim?y, Y]

32
—AY Y Ym2y] - 2y ]V, Yim? — AN Y TIT + 5931025+

= 24m, Vav{ T (Yav]) - 120, me (Yay)

1591102 11

1

+8—=gi1l0
\/Egl 3,1

— om3ay] T (Yav]) - 12vam2y T (vav]) - 6vavimime (vav])

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

— v T (vord) - 2vaymim (voy) ) - 12vami e (vi 1)

— AV, T Ty (YJTe) — 127, T (T;YdT) — 12V Ty (T;TdT )

— AT,V Ty (Te*YeT) — AV YTy (T;TZ ) —12Y,Y) Tr (ngdeT )

- 4YdYTTr(m§YeYJ) —4Y,Y Ty (m%Y;Ye) —12v,Y] I&«(miyj Yd)

32 32
B = — TR LM = LM+ dmy VY] 4 AT 4 2ml Y, 4 4Yum Y]
1
+2YUYJmu 74\/7139110171
B = 128 o s, —0g? (200 + M 1M*7§2 2 Y, Y +12¢23m2 Y, Y
= 5 3 g3 M3 — 297 3 1 3 5g1mHU uty goMmp, Yuly
+ 2405 | Mo |PY, Y] — dm3; |APY, YT — 8m3, |APY.Y,

— AmZNPY, Y — 4Ty Y, Y+ g 2MLY, T — 1262 MY, T
—1292M3T,Y,] — AT T, Y,

* 235 20y (45( — 20, Y] + 1Y) + 8(321930; + 4093 (204 + My ) )1) — 5ng T

2
+ 129§TMTJ - 4|)‘|2TuT11L - 5g%m3YuYJ + 6g§mZYuYJ
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—2\Pmly, Y — ggfyumgyuf + 1203V, m2Y,] — 4APY,m2Y,]

- %nguYJmi + 693V, Y m2 — 2 \PY, Y Im2 — am3, Y, Y] Y,V]
—dm} Y Y Vv —av Y] T,T) - 8m3, VLYY,V - 4y, YT, T
—AY, T} — 4y, TIT, Y] — 4T, YY1l — 4T, Y]V, T

— AT, TV Y} —ar, TV, Y] — 2m?Y, Yivey] — om?y,viv,v!
—4Y,m2Y,] YY) — Y, m2Y [V, Y] — 4y, v m3y,y,

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

i 32 32 1
— ZYHYJYuYJmZ — 4\ YUTJTA + Egg].()’g,g + 175'9%10'2711 - 16\/7139110'371

— 2m% Y, Y Tr (YUYJ ) — 12T, T Tr (YUYJ ) — 6m2Y, Y, Tr (YuYJ )
— 12V, m2Y] ’H(YuYJ ) —6Y,Y] miTr(YuYJ ) - 12YuTgﬂ<Yj Tu)
12T, YT (T;Yf ) - 12YuYJTr(TjTuT ) 12V, Vi Tr (mgyjyu)
— 12V, YT (m2v, Y )

24
Bl =~ gt + 2(2m%, Yoyd + 20 T] + 2VemY ] + m2v.Y ]+ Yoy [m?)

m2
3
+ 2\/?91 1o,

2
BE) = o (ﬁg%Mf (234ng11 n 5( oMYV TeYeT)) +20g:1 (39102711 + \/150371)

- 5(30g§M§TeYJ F1ATITLY) + 6g2T, T — 3027, T

+ 10ANPT.TT + 382m2Y. Y] — 15g2m?2Y. Y] + 5|\ 2m2Y. Y}

+ 692Y.mPY — 3003Y.m?Y] + 10| \*Yom?Y,) + 3¢g3Y.Y.Im?

— 15g3Y. Y m?2 + 5IAPY.Ym? + 20m3, V.Y V.Y + 10V, YV T.T)

10V, TIT.Y) + 10T, YV, T + 10T, TV, Y, + 5m2Y. Y Y, v}

+10Y,mY Y.V + 10V, VI m2Y, Y. + 10V, Y YomlY) + 5V, Y] Y. V. im?2

+ 307,71 T (Ydyj ) +15m2Y, Y Ty (Yde ) +30Y,m2Y Ty (Yde )

+15Y, Y, m2Tr (YdeT ) + 10T, T T (YJJ) +5m2Y, Y T (Yeyj)

+10Y,m2Y Tr (Yeyg ) +5Y, Y m?Tr (Yeyg )

+ Y, T (10)\*T,\ + 10Tt (Y;j Te) + 3092 My + 30Tr (Yj Td> - Gngl) + 30T Tr (T;YdT)

+10T.Y T (T:Yf)
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+ov.y) (3g§m§{d — 15g3m2,, — 30g2|Ma? + 5(2m§qd +m + mg) 2 + 5|T % + 30m§{dTr(YdeT)

+10m, Te (V¥ ) + 15T (37 ) + 5T (127 ) + 15T (m3vay, ) + 5Te (m2ve )
+ 5T (miy Y. ) + 15T (m2Yf1a) ) ))

57(7% = 4(3m§|f<;|2 + (m%,d +m¥ + m?S) AP+ | T + |T,\\2)

ﬁfjgs = —g (IQOmS/@2 w24 20(de +myy, + ms))\Q)\* 2
+ 20k (4,4|T,€|2 + (4m?9 +m3 + quu)nw + T (,@TA + )\TH))
+ 13 (13 (15T (Y, ) = 3(508 = 5Te (Vv ) + 67 ) + 5Tx (VY )
+ A(15Tr(Yde) + 3(592]\/[2 + 5Tr(YTT ) + g%Ml) 45T (YTT)))
+ X7 3gEm¥, A — 15g3mi, A — 3gimiy A — 15g3md; A — 3g7mEN — 15gm3A
+ 20| T |? + 40X Ty |2 + 206T Ty + 3g2M; ( —2MA + T,\) +15g2 M ( — 2Mo\ + T,\)
+30m%, ATr(Yde ) +15m2, ATr (Yde ) + 15m2ATY (Yde ) + 10m2 ATr (YSYJ)
+5mZ ATr (YeYj> + 5m2ATr (YJJ) +15m, /\Tr(YuYJ) +30m2, ATr (Yqu)
+15m3AT (VY] ) + 5T (T3 V) + 10T (1578 ) + 5T (77,7 ) + 53T (1277
+ 15TATr(TquT) + 15ATY (T;Tg“ ) + 15ATE (mlede ) 4 5T (mQYYT) + 5Aﬂ(m%YJYe)

+15ATY (mgydf Yd> +15ATY (mgyj Yu) 4 15ATE (miyuyj)))

3.7 Vacuum expectation values

va

AL = QOvd (1592 +15¢2Xi — 20|\ — 20%(YEYJ) +3¢% + 3¢2Xi — 60Tr (Yde))

B2 = @vd( — 41497 — 180g%g2 — 1200g5 — 91 Xi — 9092 gaXi 4 87595 Xi + 9¢Xi* 4 9097 g2 Xi?
— 2953Xi2 + 1200A2\*2 — (5 (3293 + 9g§X1) + g2 (9X1 ))Tr (Yde ) 4802 Tr (YYT)
— 12092 XiTr (YeYJ ) - 6OOg§XiTr(YeYJ ) — 40|\ (1593)(1 — 20kk* — 30Tk (Yqu ) + 391X1)
+ 3600Tx (Ydyj YY) ) +1200Tx (YdYJ Y, Y] ) +1200Tr (Yeyg VAR ))

BY = %vu( — 20072 +3( 20T (VoY) + (563 + 62 ) (1+ 1) ))

1
B3 = ﬁuu( — 414+ — 180922 — 120095 — 99+ Xi — 9092 ¢2Xi + 87595 Xi + 991 Xi? + 90¢2 g2 Xi?

18
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— 2256412 + 1200A2\*2 — 40|>\\2( —10Tr (YeYJ ) +15¢2Xi — 20kK" — 30Tr<YdeT ) + 3g%Xi)

— 40(5(3203 + 9931 ) + g3 (9Xi + 8) ) Te (Vo ¥l ) + 12007 (Yay v, Y] ) + 36007 (V. VY. ) )

51(}1) = —2U5(|/€\2 + |)\|2)
BE = 18u,k%K"2 + 8ugAlk[2A*

2
+ ZufAP (10/\)\* — 1563 + 15”&(YdYJ) + 15Tr(YuYJ) —3g2 + 5Tr<YEYJ))

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates >EWSB’

)‘I/T/,l W=
AVT/,Q = ZW W+
A s wo

The mixing matrices are parametrized by

oz cos Oy —sin Oy
sin©yw  cos Oy

1 1 9
W V2 V2
— 1 - 1
Z - 7172 Zﬁ 0
0 0 1

4.2 Rotations in Mass sector for eigenstates ’EWSB’
4.2.1 Mass Matrices for Scalars
e Mass matrix for HiggS, Basis: (¢d7 ¢u7 ¢é) ) ((Z)da ¢ua ¢b)
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m¢u¢u
Meyps = —7
1
Mey, s 9
1
Me.p, = )

(
( - 2fv53%(TA)
(

1
v§+v§)w2—§(g +3) (=30l +0d) + i,

m¢'d¢u m¢'u¢u m¢s¢u

Mepapa  Mpuga  Mepspa
m3 =
m¢d¢s m¢u¢s m¢s¢s

(3 +93) (303 — 02) + ik,

1
(4vdvu)\ — vf/f) N vf)\n*) 1 (g% + g%)vdvu
2
1

( ) + vs(( — %vun + Ud)\))\* — %’UuAH*)

This matrix is diagonalized by Z:

with

H,_ 2r7H7T _ dia
Z th = m27h

6a=> 21, Gu=> Zh;, ¢ =Y Z5h;

J

J J

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

Mo y0q %vs (2\@§R<T>\) + 2115§R()\/£*>) Mooy
mio = | v, (Zﬁ%(TA) + 205%(M*)> Moo, Moon | +E2m*(2)
Moyos, Moo, Moo,

DN = N =

Megy04

(v3+

Mo, o, =

e = s (208(37) - VBR(1)
o yne) ()

1
Os0s — o 2
o, = 5 (-

(02 +02) AP + (gl—i-gg)
)

o)A - g(gl + 95

(
(= v2+03) +m,
)
)

( ) (21’ K+Udvu/\)l€*+((vd+v >/\—|—Udvu )/\*>—|—m§

20

(99)

(100)
(101)
(102)
(103)

(104)



Gauge fixing contributions:

Moy0q Mooy 0
m2 (fZ) = Moyo, Moyo, 0
0 0 0

1 . 2
Moyoq = val (91 sin O + ga cos @W)
1 . 2
Moy, = =7 Vdlu <91 sin Oy + g2 cos ®W>

1 . 2
Moo, = Zvi (gl sin O + g2 cos @W)

This matrix is diagonalized by Z4:
Z4m%0 21 = mg'

with

Ud:ZZjAlA?, Uu:ZZféAg, O :ZZJ%A?
J J J
e Mass matrix for Charged Higgs, Basis: (H;, H™*),(H; ", H)

"
Mopr— gp—x M _

2 HyHp HI*H, ™ 2 -

my- = ¢ v +&w-m=(W7)
My Mg+ = g

1 1
§v§|)\\2 + §<gf( — 2 —Hfi) + g2 (vg + vg)) + qud

1 1
Myt =g ()\( — vgU A" + v?n*) + \/ivsT)\) + Zggvd”u

My — pr—.=
HyH,

1 1
Myt gt §v§|/\\2 + g(gf( — v+ vi) + g3 (vﬁ + vi)) +miy,

Gauge fixing contributions:

1.2, 2 1.2
2 _ 1927 —292VdVy
m”(Ew-) = 1 2 1,2 2
—29204dUy 1920y

This matrix is diagonalized by Z*: ‘
Ztmy, ZTT =mg'y

with

Hy = Z ZHH Hf =Y ZhH}
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e Mass matrix for Down-Squarks, Basis: (d~L,a17dR,a2) , (dZ,Bl’d*R,Bz)

1 T T
2 mg, g §Delta(\@vde — VU Y )60,152 118)
d %Deltaémﬁl (ﬁvde — vsvqu)\*) My, &
1 . 1
mg, g = 3 (2mg + 1U§Yde70101)5a151 ~ 5 (395 + g%)l( — UZ + Ué)éalgl (119)
1 1
m(ZRJE = ﬁg%]-( - 1]3 + v3>5a252 + 56042[32 (2m§ + 1Uz21YdTYd70202) (120)
This matrix is diagonalized by Z7:
D, _ 2Dt _ dia
with
dpio =Y 75, djst1a, dria = Y 7, " djs1a (122)
J J
e Mass matrix for Up-Squarks, Basis: (4r,0,;8R,qs) s (azﬁl,ag&)
o Mayaz %Delta(x/ﬁvuTj — vdvs)\YJ)éallgz (123)
“ 1Deltady, s, (\@vuTu - vdstu)\*) Mg,
1 1
Mara; = 5 (2m3 + 1U3YUYJ,0101)50¢1ﬁ1 - ﬂ( - 39; + g%) 1( - UIQL + 1)(21) 60&151 (124)
1 1
Magay, = §5a252 (Qmi + 1U5YJYu70202) + 69%1( - UZ + 1}3)(5&232 (125)
This matrix is diagonalized by ZUV: '
Z2Ym2 2% = mg’e (126)
with
Upia = Z Z;Ji’*@jftla ; UR ia = Z Z%*ajftla (127)
J J
e Mass matrix for Sleptons, Basis: (€1,€ér), (€],€5)
) Mme, et %Delta(\/?ude — vsvu)\YJ>
%Delta(ﬂvdTe — USUUYE)\*) Me pés,
1 1
mee; = SL08YeY 0, + 2 (= 8+ 97 )1( =02+ 0d) +mf (129)
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1 1
Meégey, = ilchIYeTYe,OzOQ + 19%1( —vi+ ’UZ) +m?2

This matrix is diagonalized by ZF: .
ZEmzZE’T = mgfg

with

~ E % ~ ~ E % ~
€L = E Zﬂ €jft1 €R,i = § Zji €jft1l
J J

4.2.2 Mass Matrices for Fermions

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

M, 0 *%gwd %gwu 0
0 My %gﬂ)d —%gzvu 0
mgo = | —391%a  392va 0 —%vs)\ _%UuA
%gwu —%gzvu —%vs)\ 0 _%Ud/\
0 0 —%vu)\ —%vd)\ V24K

This matrix is diagonalized by NV:

N*mgpoNT = mé
with
Ap = ZNj*l)‘?” we = ZNJE)\?’ Hy = ZNJ*S)‘;?
J J J
r70 * 0 o * 0
Hy =3 NS, §=) NisX
J J

e Mass matrix for Charginos, Basis: (W‘, ﬁd_) , (VNV“', ffj)

This matrix is diagonalized by U and V'

with

WE=D UM, Hi =2 URN
t

2 ta
T+ * )+ T+ * )+
W= Vil Hf =) Vi)
to ta
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5 Vacuum Expectation Values

1 1 1
0 .

=——¢a+ —=vq+i—= 141
¢ \/§¢d V2! \/ﬁad (141)

1 1 1
HY = —¢,+ —=v, +i—o0y 142
\ﬁqs V2 ﬁa (142)

1 1 1
S=—cs+ —=vs +i—rz0, 143
\ﬁ¢ V2 ﬂa (143)

6 Tadpole Equations

% = i((%d (vg + vZ)A - vgvun) N+ 4my vg — vsvy (2\/§§R(T,\> - Us)\li*)> - é(gf + g%)vd< — Uy + vd) (vd + Uu)
(144)
g;; = +%( %—Fg%)vu(—vg +v3)
+ %((2 (vg + vg)vu)\ . vwf&) A* + 4dm3; vy, — vavs (2\/5?)%(1“/\) + Us)\fi*)) (145)
ngz - i(( — 20qvg A+ 403 )+ o (2( (03 +02) A = vavar ) A" + dm3 )
V2 (= vava (T3 + 1) + 02 (T2 4+ T2 ) ) (146)

7 Particle content for eigenstates ’EWSB’

Name Type complex/real ~ Generations Indices
vy, Scalar complex 3 generation, 3
Scalar real 3 generation, 3
A0 Scalar real 3 generation, 3
H~ Scalar complex 2 generation, 2
d Scalar complex 3 generation, 3, flavor, 2, color, 3
U Scalar complex 3 generation, 3, flavor, 2, color, 3
€ Scalar complex 3 generation, 3, flavor, 2
g Fermion Majorana 1 color, 8
d Fermion Dirac 3 generation, 3, color, 3
U Fermion Dirac 3 generation, 3, color, 3
e Fermion Dirac 3 generation, 3
v Fermion Dirac 3 generation, 3

[\)
=



XY Fermion ~ Majorana 5 generation, 5
X~ Fermion Dirac 2 generation, 2
g Vector real 1 color, 8, lorentz, 4
y Vector real 1 lorentz, 4
Z 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 complex 1

nt Ghost complex 1

8 Interactions for eigenstates ’EWSB’

8.1 Three Scalar-Interaction
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1
(=20 (28 (v 2 + 25 (- vaZits +0.200) ) + 28 (220 + Z (v 28 - vuZiy) )

= Z8(2A (= vt + vaZih) + 235 (vaZiy — w2k ) + 2 (vaZiy +vu2) ))

42k (zg (vszj‘lz,g i Z;g( g Zi + vsz,g‘l)) vz (vszjgz,g‘g s (usz,g - vuZ;;%))

= 28(27 (= o2y + va2ih) + 25 (vaZity — voZih ) + 23 (vaZiy + vuZ) )

- 2(2( Ty TK)Z;?,,Z%Z,?B

+ T

— T

(
(

zi(zhzils + 252 ) + 24 (252t + Zh 2l ) + Z8(Zh 2ty + ZH 7))

zi (2l + 252h) + Z8(Zh 2t + 282l ) + 28(2A 2 + 22 ) )

(147)
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> ( - Z{}( — AR ZA T — 205N Z 2 + V2T ZAZE + VAT 24 28

+ 20 A" 2 2% + 20N 25 2 + V20X 235 2% + V2T Z5 2}

— 20, K" Z 820 — 20,5\ 25 Z 14

+ 27 (40 NPZE + (97 + 63)vaZlls — v 4A2 + 62 + 63) 23))

+ ZA <2USH>\*ZJ‘%Z£; VAT ZAZE — VAT ZA 2] — 20k ZA 21

—V2T5ZA 28 — V2T ZA Z ] + 2vak N Z A Z

+ ZjAz( — du N2 ZE — (gf + gS)UuZ,g + ’Ud( —4\2+ g+ g%)Zﬁ)

+ 22" (= 0, ZA 28 + 2 (vaZls + 0,781 )

+24( = v2(—2(1r + 1) 232l + T3 (27 28 + 2 2) + T (220 + 2328 )
+ 2" ( — ZJ’% ((2vd)\ + vum) Z,ﬁ + (211”)\ + v,m) Z,g) + f@Zj’% (vdZ,g + st,ﬁ)

+ /ij“} (st,g + vu2g>)

+ 2K* ()\ZjAQ (vdZ,g + ’USZ,ﬁ> + )ijAl (USZ,g + vuZ,g)
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(148)
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1
7 (23w (= 28(v2fi 285 + 203 (vazll + 0,28 )

+ 24 (20 (0o 285 + vuZls) + 203 (vaZlls + 0, Z85) + 203 (vaZll + 0281 )

- 28 (v z 3zl + 20 (v 2l + vuZh) )

— 26 (= 23 (0,28 28 + 2 (vaZfh + 0,281

+ 23 (20 (0o 285 + vuZls) + 203 (vaZlls + 0, Z85) + 203 (vaZlly + 0201 )

- 28 (v 23zl + 20 (v 2l + vu2fh) )

~V2(2( - T+ 1) 24221

- T (24 (2828 + 23 2lh) + 2 (2028 + 2828) + 24 (Zi 2l + 2320
(

+ (24 (220 + Z028) + 28 (2828 + 2zl + 242828 + 2378)))) (149)

1
1 (v =202+ 63) 24 (- 22}, + 22},

+va( =20+ 63) 28 ( - 212 + 2573

+ 224 (20X ZH 2 + (= 20087 + V1) 2} 2, - VTR 252 ) (150)
detS'y
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_ %%@-k (\@Tj’jkconj (ZD (gt?) (ft?, 2>)ZﬁZD (gt?)) (fts, 1) + AV} jpconi (ZD (th) (ft2, 2)) (USZ{; n vuZ;g) ZD (gtS) (ft3, 1)

— conj (ZD (gt?) <ft2, 1)) (A*Yd,kj (USZ;‘; + vuZ;‘;,) + \/QZ{}Td,kj)ZD (gtS) (ft3, 2)) (151)

- %63»;; (V212 comj (2B (gt2) (f62,2) ) ZAZE (g63) (£63,1) + AV conj (2B (82) (£62,2) ) (0,28 + 0u 28 ) 2B (gt3) (63,1)

— conj (ZE(gt?) (ftQ, 1)) (A*Ye,kj (USZ{; n vuzg,> n \@Z;‘}TW)ZE (gt3) (ft3, 2)) (152)
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+ 255 (v~ AIN2 + g2+ 63) 28 + va( - A2 + g3 + 63) 21
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+ 2B (V2(T3 + 1) 28 + 20 (0,20 + vuZ)

+ 2\* (( — 2ug\ + vum) Z,g — 2v5/\Z,ﬁ + UmZ,ﬁé)))

+ 28 (205 = 3(0F + 98) vu 2t — 2w NPZE + va( = 4IN? + 3 + 63) 241
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—zH (Z;(( — g2+ g%)vdZ,jQ + 'Uu( — 2\ + 95) Z;:rl)
+ 25 (98 + 98)vaziy +vu (2P + 63) 23%))

=22 ((2vade" + VETN) 2} 25, + 203 (A 2, + 255 (w2 + AZ5) ) + VAT 25734 ) ) (155)
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1%%@ (2c0mi (2D (g12) (£12,2) ) ( = 3v2T; 1 282D (t3) (£63,1) + 375 i (0,28 + v 20 ) 2D (13) (163,1)
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1%%% (2c0mi (20 (gt2) (£12,2) ) ( - 3vTy 2720 (g83) (£63,1) + 30V i (vaZl] + 0,20 ) 20 (9t3) (123,1)
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— 2 (6V2T 20 (gt3) (£63,2) + v, (12Y7 Y5 — 363 + 03) 20 (213) (13,1) ) )) (158)

vj
7
1 (gf + 93) Ok (’Ung - 1)ng> (159)
detS'y
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- iaﬁv(sﬂc( — 2conj (ZU (th) (ft2, 2)) (2T5J,€Z;5ZD (gtS) (ftS, 1) + V20 Y, Z5ZD (gtg) (ftg, 1) FVRYS Y (vdzg + 0,7,
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“ou (2e0mi(zE (gt1) (1t1,2) ) (2720255 + V2000255 ) — V2eonj (ZE (1) (1t1,1) ) (g30u ) + va( = 2¥2uYeis + 63) 211))

(163)
8.2 Two Scalar-One Vector Boson-Interaction
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8.3

One Scalar-Two Vector Boson-Interaction

23 (vazll + 0.2 (90 (184)
Zy
T —
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% (91 sin Ow + g2 cos @W)2 <Ung + UuZig) (gau) (185)
Tu
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8.4

Two Fermion-One Vector Boson-Interaction
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8.5 Two Fermion-One Scalar Boson-Interaction
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+ 2conj (ZD (gtl) (ftl, 2)) ( — 2¢2conj (ZE (th) (ft2, 2)>ZD (gtS) (ft3, 2) 7E (gt4) (ft4, 2) + conj (ZE (gt2) (ft2, 1)) (

(328)

X )

~ % ~*
Uittas dkfti’w

ditt 10 Ujtt2p

= <2C0nj (zD(gt1) (1t1.2) )z (gt3) (163, 2) (conj (20U (gt2) (12.1) ) (= (395 + 93 ) San st + 9asd ( = 2VidBundinYans +
+ conj (ZU (th) (ft? 2)) ((393 n zlgl)csm(sﬁ(5 9935(15%)5 k5leU<gt4> (ft4, 2))

_ conj (ZD (gtl) (ftl 1))ZD (gt3) (ft3 1) (Conj (ZU (gt2> (ft2 1)) (186(156,@7 (ggéﬂéjk + g§(5ik5ﬂ) + ( ~ 692 — 9g2 + gf)écwéﬁgé )
+ 2conj (ZU (gt2)( 2 2)) ( 292 + 393)5a75ﬁ55 k01— 95@657( 2V 6k Yasi + g§§ik5ﬂ))ZU (gt4> <ft4, 2)))

(329)

~ Tx
174 Aty

x A
// \\

dift1a vj
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12%5 L0 l(zg%conj (ZD (gtl) (ftl, 2) ) 7D (gtS) (ft37 2) + (393 + g%)conj (ZD (gtl) (ftL 1))ZD (gtB) (ft3, 1))

~ % =%
Uiteas CLt3
\ 7/
\N 7/
\%4
/7 \
/ \
/

dift1a Vi

— %5a55i15jk (2Ydﬁilconj (ZD (gtl) (ftl, 2))n,ijE (gt?)) (ft3, 2) + g2conj (ZD (gtl) <ft1, 1))ZE (gt?)) (ft3, 1))ZU(gt4) (ft4, 1)
(331)

~ =%
€fta Crtt3

€ift1 €2

( conj (ZE (gtl) (ftl 1)) (<91 + 92)conJ (ZE (gt?) (ftz, 1)) <5ikaﬂ n 5i15jk) ZE (gtg) (ft3, 1) ZE (gt4) (ft4, )

— 2conj (ZE (gt2) (ft2 2)) (5 ( 2V, Yo i ZE (gt3) (ft37 2) 7ZE (gt4) (ft4, 1) + g27E (gt3) (ft37 1) 7E (gt4) (ft4, 2)) + 80 (
+ 2conj (ZE (gtl)((ftl ))(( 2g2conj (ZE (th) (ft2, 2)) (5ik5jl n 5iléjk) 7E (gtS) (ftS, 2) 7E (gt4) (ft4, 2)

2
+ conj (ZE (gt2) ft2 1)) ) ( 2V, Y, 1, ZE (gt3) (ft3, 1) ZE (gt4) (ft4, 2) + g?ZE (gt3) (ft3, 2) ZE (gt4> (ft4, 1)) + 5il(5jk( §
(332)
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- %conj (ZU (th) (ft2, 1))55751»[(5% (2Yefilconj (ZE (gtl) (ftl, 2))Yd7ijD (gtS) (ft3, 2) + g2con (ZE (gtl) (ftl, 1) ) 7D (gtS) (ft3,

(333)
azkftélé é;;ft?)
\\ 7/
% A
\v/
/7 \
PN
// \\
€ift1 Ujft2p
%5655ik5j1 ( — 2¢2conj (ZE (gtl) (ftl, 2))ZE (gt3) (ft3, 2) ( _ 4conj (ZU (th) (ft2, 2))ZU (gt4) (ft4, 2) + conj (ZU (gt2) (ft2, 1))
(334)
v €ktt3
\ 7/
~ A
\v/
/7 \
PN
// \\
€ift1 U;

<2conj (ZE (gtl) (ftl, 2)) ( — 2V 00k e gy + gféikéjl)ZE (gtS) (ftS, 2) + conj (ZE(gtl) (ftl, 1)) ( — 2625651, + ( — g+ gg)é
(335)

IS

7



i

= ( _ conj (ZU (gtl) (ftl, 1)) (conj (ZU (gt2) (ft2, 1)) (5a55m (18g§5ik6ﬂ n ( — 6g2 +9g2 + g%)zsﬂcsjk)

+ Oar 05 (1Sg§6i16jk + ( — 692 + 992 + g%)&ikéﬂ))ZU (gtB) (ftS, 1)ZU (gt4) (ft4, 1)

+ 2conj (ZU <gt2) (ft2, 2)) (%555( — 992648;,ZU (gt3) (ft3, 2) A (gt4) (ft4, 1) + 85051 (18Yuﬁ YuriZU (gtg) (ft3, 2) A (gt4) (f
+ 5@557( — 992044,0,1ZU (gtS) (ft3, 1) A (gt4) (ft4, 2) + 80 (183/;, 1YusiZU (gtg) (ftg, 1) ZU (gt4) (ft4, 2) + ( — 242 + 3g§) ZU
+ 2conj (ZU (gtl) (ftl, 2)) ( — conj (ZU (gt2) (ftQ, 2)) (5@% (( — 32+ ng)ailajk + ggg(sikaﬂ)

+ 60055 (( —3¢g% + 895)5%511 n 9g§5“5jk))ZU (gtB) (ft3, 2) Al (gt4) (ft4, 2)

+ conj (ZU (gt2) (ft2, 1)) (&maﬁ7 (99§5ik5leU (gt?)) (ftS, 2) 7U (gt4) (ft4, 1) + 80 ( —18Y )Yy 42U (gt3) (ft3, 2) Al (gt4> (ftz

+ b0 (99300 2U (83) (£63,1) 20 (t4) (64, 2) + 050 = 18¥;1 052U (83) (£63,1) 20 (04 ) (104, 2) + (203 — 393) 20 (2

(336)
Y {‘thsy
\ 7/
> A
\N 7/
//V\\
A %
// \\
Uit 1o U;
%%ﬁik% (( —3g2 + g%) conj (ZU (gtl) (ftl, 1) ) 7U (gtS) (ft3, 1) — 4¢2conj (ZU (gtl) (ftl, 2) ) 7U (gts) (ft3, 2))
(337)
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- %(9% + g%) (5ik5jz + 5iz5jk) (338)

8.8 Two Scalar-Two Vector Boson-Interaction
W Wi

v I

1 1
(5982823 + 50324735 ) (9 (339)

Z, v Z:Uf

( + 593 cos @%,ZﬁZJAl + g1 g2 cos Oy sin GWZﬁZjAl + 59% sin @%VZﬁZﬁ

+ 595 cos @%VZ,SZjAg + G192 cos Oy sin @WZ;%ZJg + igf sin @%Z{%Z;“Q) <9W> (340)
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1 1
( ~ 59192 o8 (9WZ{?ZJ-+1 ~ 59192 o8 @WZSZ;Q) (gm,) (341)

Z, Wit

1 ) 1 .
(§g192 sin @WZ;?Z; + 9192 sin @WZQng) (glw) (342)

% Y

1 1
(59192 cos @WZﬁZ;rl + 59192 cos @WZSZ;E) (g#,,) (343)
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(344)

W, Wit

(345)

Zu ZP«

( + 595 cos G%VZgZﬁ ~+ g1 g2 cos Oy sin GWZgZﬁ + 59% sin @%/VZZ-I{Zﬁ
i

2

1

* 2

95 cos Oy Z5 Z 15 + ig1g cos Ow sin Ow Z5 Zj5 + - gi sin @%’VZgZJ%) (g“”>

(346)
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7 7
(— 29192 o8 @WZflIZ;“l + 59192 cos @WZngE) (QW) (347)
Z, Wi
AN
P
’ \
’ \
h; Hf
(§g1g2 sin @WZng"i — 59192 sin @WZSZJE) (gW> (348)
W; T
N
’
PR
/ N
+
h H;
) )
( ~ 59192 cos (91;[/ZZ.JL1"ZJ-+1 + 29192 cOS QWZngE) (g,w) (349)
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{

i .
(§g1g2 sin @WZng"i —3

g192 sin Oy Zngg) (gm,> (350)

Yo T

( + 59% cos @%VZﬁZﬁ + ig1g2 cos Oy sin @WZ;{Z;E + 595 sin @%,VZXZ]*1

+ 59% cos @%,VZZ-EZJ-‘E + 191 g2 cos Oy sin @WZ;;Z]-‘E + §g§ sin @%VZEZJ'—E) (g,“,) (351)
Zu Tu
VA
ot N
HS Hf

( + 59192 cos 2®WZ;IZ]»+1 — ng sin 2@WZ;'{ZJ»+1 + Zg% sin QG)WZ;'{Z;E

+ 9192 cos 2@WZ$ZJ-+2 — zg% sin 2@WZ;5Z;§ + Zg% sin QG)WZEZ;FQ) (gm,) (352)
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i i
(5982525 + 59325755 (9 (353)

Z v Zl‘«

( + 593 cos @%VZ;*IZ]TE — 1g1 g2 oS Oy sin G)WZ;{Z;E

+ %gf sin @%VZ;[Z;E + %g% cos @%VZ;EZJ.JFQ
i

— 19192 cos Oy sin G)WZ;QZ]B + 5

g2 sin O3 25755 ) (9, (354)

gsv Gyp

diftla d;ftgﬁ

( + iggconj (ZD (gtl) (fﬂ, 1))% i LA LZD (th) (ftQ, 1) n iggconj (ZD (gtl) (ftl, 1))% az: N} oA A ZD (th) (ft2, 1) + %g
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+ % gconj (ZD (gtl) (ftl, 2) ) 5 23: N} oA oZD (gt?) (ft2, 2)) (gw) (355)

a=1

diftla d;ftgﬂ

( + églgggconj (ZD (gtl) (ftL 1)) cos @Wéij)\gvaZD (gt2> (ft?, 1) %ggggconj (ZD (gtl) (ftl, 1))5”-)\},0‘ sin Oy ZD (th) (ft2, 1)

- % gigsconj (2D (gt1) (1t1,2) ) cos O 0,57}, 2D (12) (162,2) ) (g0 ) (356)

diftla d;ftzﬁ

( - %ggggconj (ZD (gtl) (ftl, 1)) cos @W&-j)\g’aZD (gt2> <ft2, 1) - églggconj (ZD (gtl) (ftl, 1))‘517')‘%,@ sin Oy ZD (gt?) (ft?, 1)

+ % grgsconj (ZD (gtl) (ftl, 2) ) 5is N} o Sin O ZD (th) (ft2, 2)) (g,w) (357)
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i%ggggconj (ZD (gtl) (ftl, 1))51-]-/\557QZU (gt?) (ft?, 1) (gw) (358)

Yo T

, \

dz‘ftla d;ftQ Jé;

( T liggfconj (ZD (gtl) (ftl, 1)) 08 ©2 00504 ZD (th) (ft2, 1) — églggconj (ZD (gtl) (ftl, 1)) €08 O 0o 504 $in Oy ZD (th) (ft2,

+ %g%conj (ZD (gtl) (ftL 1)>6a5(5ij sin ©%,ZD (gt?) (ft2, 1) + %g%conj (ZD (gtl) (ftL 2)) cos @%VéagdijZD (gt?) (ft27 2)) (gw)
(359)

diftla d;ftgﬁ

—zgngCOHj ZD(gtl)(ftl,1) ) cos20wdagdi; ZD|( gt2)(ft2,1 —igfconj ZD(gtl)(ftl,1) )dapds;sin20w ZD( gt2) ( ft2,1
6

36
n %g%conj (ZD (gtl) (ftl, 1) ) Sagd:; 5in 201 ZD (gt2> (ft2, 1) . égfconj (ZD (gtl) (fu, 2) ) Jagdi; 5in 201 ZD (th) (ft2, 2)) <g,w)
(360)
v Wl
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%%glggconj (2D (st1) (11,1) ) cos O sty 20U (s12) (£62,1) (g, ) (361)

&iftla d;ftgﬁ
% g2conj (ZD (gtl) (ftl, 1) ) S0p0:;ZD (th) (ft2, 1) (gl“,) (362)
Z Zy,

diftla d;ftgﬁ

( + ;ggconj (ZD (gtl) (ftl7 1)) cos @%Véalg&;jZD (gt?) (ft?, 1) + églggconj (ZD (gtl) (ftl, 1)) cos O dagdi; sin Oy ZD (th) (ft2, 1

n f—gg%conj (ZD (gtl) (ftL 1))5a55ij sin ©2,ZD (th) (ft2, 1) + % g2conj (ZD (gtl) (ftl, 2))5aﬂ5ij sin ©2,ZD (gt?) (ft2, 2)) (gw)
(363)
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- %\%glggconj (ZD (gtl) (ftl, 1))6aﬂ§ij sin Oy ZU (th) (ft2, 1) (gm,) (364)

€ift1 g2

( + %g%conj (ZE (gtl) (ftl, 1)) cos @%VéijZE (gt?) (ft2, 1) + ig1 gaconj (ZE (gtl) (ftl, 1)) cos Oy d;; sin Oy ZE (gt?) (ft?, 1)

+ %g%conj (ZE (gtl) (ftl, 1))5”» sin ©2, ZE (th) (ft2, 1) + 2ig2con] (ZE (gtl) (ftl, 2)) cos ©26;,ZE (gt2) (ftQ, 2)) (g,w)
(365)

€ift1 €lteo

( + %glggconj (ZE (gtl) (ftl, 1)) €os 20y, 6;; ZE (gt2) (ft2, 1) — %g%conj (ZE (gtl) (ftl, 1))5ij sin 20y ZE (gt2) (ftZ, 1) + ig%conj{

— ig2conj (ZE (gtl) (ftl, 2) ) 5, 5in 20y ZE (gt2> (ft2, 2)) (g,“,) (366)
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— i%glggconj (ZE (gtl) (ftl, 1)) cos Oy 0;; (gw) (367)

€ift1 € t2
% g2conj (ZE (gtl) (ftl, 1))5ijZE (gtz) (ft2, 1) (g,w> (368)
Z Z,

( + %g%conj (ZE (gtl) (ftl, 1)) cos @%,V(SijZE (gt2) (ftQ, 1) — 1g1gaconj (ZE (gtl) (ftl7 1)) cos Oy d;; sin O ZE (gt2) (ftQ7 1)

+ %gfconj (ZE (gtl) (ftl, 1) ) 5. 5in ©2, ZE (gt?) (ft?, 1) + 2ig2con] (ZE <gt1) (ftl, 2) ) 5 5in ©2, ZE (gt?) (ft2, 2)) (gw)
(369)
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i\%glggconj (ZE (gtl) (ftl, 1))51-]- sin Oy (g#,,) (370)

~ o
Uiftla ujftglg

(+ L eons (20 (1) (11.1) )5, SN 20 (g2) (f21) + ! geons (20 (g1 (11,1)) 5 SO 20 (g12) (f2.1) + i

a=1 a=1

+ %g%conj (ZU (gtl) (ftl, 2))5”- 23: N} oA W ZU (gt?) (ft?, 2)) (gW) (371)

a=1

~ o
Uiftla ujftglg

( + églggconj (ZU (gtl) (ftl7 1)) cos @Wéij)\g’aZU (gt2> (ft2, 1) + %ggggconj (ZU (gtl) (ftl, 1))615)\%7& sin Oy, ZU (gt2) (ftQ, 1)

+ %glggconj (ZU (gtl) (ftl, 2)) c0s O iz \} , ZU (th) (ftQ, 2)) (g,w) (372)
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z% 4293CON; (ZU (gtl) (ftl, 1))5ijxg,a2D (gt?) (ft?, 1) (gw) (373)

Z, Iy
\\\l/‘/
A \\
/
, \
ﬂiftla ﬁ;ftgﬂ

( + %ggggconj (ZU (gtl) (ftl, 1)) cos @Wéij)\gﬂZU (gt2> (ft?, 1) églggconj (ZU (gtl) (ftl, 1))52-]-)\%7& sin Oy, ZU (gt2) (f‘527 1)

_ % g1gsconj (ZU (gtl) (ft1, 2) ) 5is A} sin Oy ZU (th) (ftZ, 2)) (g,w) (374)

Yo T

, \

- .
Uiftla Ujtap

( + 1i8gfconj (ZU(gtl) (ftl, 1)) cos @%Vdag&jZU (gt2) (ft2, 1) + églggconj (ZU (gtl) (ftl, 1)) cos O dagdi; sin Oy ZU (gt?) (ft?,

+ %g%conj (ZU (gtl) (ftl, 1))504,@5@‘ sin ©%,ZU (gt2) (ft2, 1) + %g%conj (ZU <gt1) (ftL 2)) cos @%VéaﬁéijZU (th) (ft2, 2)) (g,w)
(375)
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%%glggconj <ZU(gt1) (ftl, 1)> €08 Oy 0,p0;;ZD (gt?) (ft2, 1) (gw) (376)

(+ égl gaconj (22U (gt1) (£61,1) ) cos 20 800,20 (212 (162,1) - %gfconj (20 (gt1) (11,1) ) 6ap0y; sin 20 2U (g12) (£62,1)

+ %g%conj (ZU (gtl) (fu, 1))564,5”- sin 20y ZU (th) (ft?, 1) - %gfconj (ZU (gtl) (ftl, 2))504,5” sin 20y ZU (gt?) (ft?, 2)) (g#,,:
(377)

Uift1a Tipiop
— %%glgzconj (ZU (gtl) (ftl, 1) ) (5(15(51-]- sin Oy ZD (th) (ft2, 1) (g,“,) (378)
W, Wi
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% g2conj (ZU (gtl) (ftl, 1))5a55ijZU (gtz) (ftz 1) (g,w) (379)

( %ggconj (ZU (gtl) (ftl, 1)) cos G%V(SaﬁdijZU (gt2> (ft2, 1) — églggconj (ZU (gtl) (ftL l)) cos Oy dagd;; sin @WZU(th) (ft2, 1

+ — gconj (ZU (gtl) (ftl, 1))5a35i]« sin e)%VZU(th) (ft2, 1) n %gfconj (ZU (gtl) (ftl, 2))5@3% sin @%VZU(gtz) (ft2, 2)) (g,“,>

18
(380)
WV_ Tu
AN
/ N

v g2
— i\%glgg cos Oy 6;; ZE (gt?) (ft?, 1) (gw) (381)

Z, W,
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i\%gl 920,; $in O ZE (gt?) (ft2, 1) (gm,> (382)

W Wk

v I
)/ \\
/ N
U; 2
Lo
592 0ij (QW) (383)
Z, Z,
,/ \\
/ N
vi vy
i 9 . Lo, 2 . .
(591 0i; sin O, + §g2 cos Oy 0;5 + 1g1 g2 cos Oy d;; sin @W> (gm,) (384)

8.9 Four Vector Boson-Interaction

9sv Gy

Jap 94po
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19?2,( - 28: fo5af87a — 28: foz,’y,afﬁ,é,a) (gpagw) (385)

a=1 a=1
8 8
+ ig?% ( - Z foz,ﬁ,af'y,é,a + Z fa,é,afﬁ,’y.,a) (gp,ugou) (386)
a=1 a=1
8 8
+ ig?% ( Z fa,’y,afﬁ,zs,a + Z foz,ﬁ,af’y,&,a) (gpuga,u) (387)
a=1 a=1
w, Yu
V[/'pJr Yo
- 2 1 2
1gg S eVV (gpog;w) (388)
+ igy sin ©F, (gpugau) (389)
+ _2ig§ sin e%/V (gpugcm) (390)
Z, Wi
wr Yo
(P
5‘95 Sm 2@W (gpoguu) (391)
+ —ig; sin 20w (gp,tgw) (392)
+ %g% sin 20y (gpugau) (393)
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W, Wi
W W

2ig5 (gpo'guu) (394)
+ —ig5 (g,mgw) (395)
+ —ig5 (gpugau) (396)
Zl/ Zﬂ
wr W=
. 2 2
— 2ig; cos Oy (gﬂffglﬂf) (397)
+ g5 cos OF (gpuggu) (398)
+ g3 cos OFy (gpygw) (399)

8.10

Two Ghosts-One Vector Boson-Interaction
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9oy (pﬁg) (400)
Wi
-
. "
ig2 sin O (pzw) (401)
W
-
. "
— igasin©w (vl ) (402)
Tu
- C
. -
— igo sin Oy (pf[ ) (403)
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/]7— . 4. . .
|3
-
— gy cos O (p? (404)
92 W(pu )
Wil
77_’7 .-y - ]
>
7]7
. ‘. 7’]7
igo sin Oy (pu ) (405)
Wit
,,fZ i
>
-
. n-
ig2 cos@w(pu ) (406)
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Tp

fr]"!‘ . 4. . .
>
77+
igo sin © ¥ (407)
92 W(pu )
Wi
77_’7 .-y - ]
»
nt
— gy sin Oy (pf) (408)
Wu_
,,fZ - C
>
77+
— igo cos O (p;f) (409)
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ntoo- - C
. -
g cos Oy (p:f) (410)
Wi
0o -
. .
igo cos O (pzz) (411)
Wit
gt -
. p
— igo cos O (pzz) (412)
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8.11

Two Ghosts-One Scalar-Interaction

A}
/
/
/
/
) /
- J
»
-
L, A A
Zngvv* (Udel - Uquz) (413)
A}
/
/
/
/
/
0t - ’
>
. -
— oW~ (vdZ;f‘l - Uuz;g‘z) (414)
by,
/
/
/
/
/
77_Z - -
. "
é&z (29192 cos 20w + ( — g2+ g%) sin QGW) (vdZ,fl + vuZ,g) (415)
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771 .- - /
. "
7 .
Zgzﬁwf (91 cos O + g2 sin @W) (vdZ,j'l — vuZ,j'Q) (416)
Hy
//
nl .- - //
. "
) .
192§W* (91 cos Oy + go sin @W) (vdZ,j'l — vuZ,;g) (417)
hi
/
/
/
/
B /
" 4’
»
0~
)
— <g3ew- (vaZfl +vuz5) (418)
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i .
- 19252 (91 sin ©Ow + g2 cos @W) (UdZ;:_l (419)
hi
/
/
/
/
/
/r’l . - - .{
>
77+
1
~ 2a3ew- (vazlh +vuzih) (420)
Hy,
/
//
7/_2 .- - /
77-‘1-
i :
— 192z (91 sin Oy + ga cos 9w) (vdZ,jl - vqu*z) (421)
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gz -
n?
i . 2 H H
- Z{z (91 sin O + g2 COS ew> (Udel + UquQ) (422)
i
/
//
77_— .- - /
n?
) .
192§W* ( — g1 8in O + g5 cos @W) (vdZ,jl — vuZ,j2> (423)
Hy!
//
nt . - /;
n?
iggfw— ( — g1 8in O + g5 cos @W> (vdZ,:rl - vuZ,;LQ> (424)

9 C(Clebsch-Gordan Coefficients

104



	Superfields
	Vector Superfields
	Chiral Superfields

	Superpotential and Lagrangian
	Superpotential
	Softbreaking terms
	Gauge fixing terms
	Gauge fixing terms for eigenstates 'GaugeES' 
	Gauge fixing terms for eigenstates 'EWSB' 

	Fields integrated out

	Renormalization Group Equations
	Anomalous Dimensions
	Gauge Couplings
	Gaugino Mass Parameters
	Trilinear Superpotential Parameters
	Trilinear Soft-Breaking Parameters
	Soft-Breaking Scalar Masses
	Vacuum expectation values

	Field Rotations
	Rotations in gauge sector for eigenstates 'EWSB' 
	Rotations in Mass sector for eigenstates 'EWSB' 
	Mass Matrices for Scalars
	Mass Matrices for Fermions


	Vacuum Expectation Values
	Tadpole Equations
	Particle content for eigenstates 'EWSB'
	Interactions for eigenstates 'EWSB'
	Three Scalar-Interaction
	Two Scalar-One Vector Boson-Interaction
	One Scalar-Two Vector Boson-Interaction
	Two Fermion-One Vector Boson-Interaction
	Two Fermion-One Scalar Boson-Interaction
	Three Vector Boson-Interaction
	Four Scalar-Interaction
	Two Scalar-Two Vector Boson-Interaction
	Four Vector Boson-Interaction
	Two Ghosts-One Vector Boson-Interaction
	Two Ghosts-One Scalar-Interaction

	Clebsch-Gordan Coefficients

