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1.1 Gauge Fields

Fields

1.2 Matter Superfields

Lagrangian

Input Lagrangian for Eigenstates GaugeES

1 1 1
- i,uSSing2 + eSSing® + 1)\SSing4 — u|H°?> 4+ eHSing| H°|* + 5)\HSSing2\HO\2 — u|HT|? + eHSing|HT|?

2

— H"conj (uL({gt3, ct3}))Ydfjk557dR({gt2, ct2}> — H'conj (eL({gt?)}))}/:jkeR({gt?}) — H ™ conj (vL ({gt3})>Ye’jjkeR({g1
+ /\HC|HO|2O;6W;O(; + Auc|HT?0%6,505 — H™ conj (dL({gt3, ct3}))YJ,jk557uR({gt2, ct2}) + H%*conj (uL({gt37 ctS}))K
— H%*conj (dR({th, ct2})>55,ydL<{gt3, ct3})Yd,jk — H ™ conj (dR({th, ct2}))557uL<{gt3, ctS})Yd_’jk — H%*conj (eR({th}

— H*conj (uR ({th, ct2}>)557dL({gt3, ct3})ka + HOonj (uR({th, ct2})>557uL<{gt3, ct3})Yu7jk

Name | SU(N) | Coupling Name

B U(1) g1 hypercharge

1474 SU(2) g2 left

g SU(3) g3 color

Name | Spin | Generations | (U(1l) ® SU(2) ® SU(3))

H 0 1 (1,2,1)
5 0 1 (0,1,1)
oc 0 1 (0,1,8)
q z 3 (5:2,3)
Col oy (12
d i 3 (3,1,3)
S (219
e 3 3 (1,1,1)

1 1 1
+ JAmsSing?| H[? + SHOZAHO™? + HEAHOPH™ + SH*AH " — H'conj (dL({gtB, ctg}))ydfjk%dfi({gtz, ct2})




2.2 Gauge fixing terms

2.2.1 Gauge fixing terms for eigenstates ’GaugeES’

1 _ 1 _ 1 _
LGF = - §|8uB|2§31 - §|8u9|2€g t— §|auW|2€W1 (2)
2.2.2 Gauge fixing terms for eigenstates ’EWSB’
1 _ 1 _ ) _
Legr = — §|8ﬂg|2§g t— §|3u7|2€7 |- 592H+U§W+ + 0, WP
L1 : . 2,1
2| 2A v€z (g1 sin Ow + ga cos Ow | + 0, Z|°¢;, (3)

2.3 Fields integrated out

None

3 Renormalization Group Equations

3.1 Gauge Couplings

B = Tt @
1
B = =t (13592 +199¢% — 25Tr(YdYT) +440g2 — 75Tr<mf;) - 85Tr(YuYJ)) (5)
19
/6 6 92 (6)
B2 — %gg( —15Tr (YeYj ) + 17562 + 272 + 3602 — 45Tx (YdeT ) — 45Ty (YUYJ )) (7)
By = - g 8)
B = — (11g§ +160g2 — 20Tr (Ydyj) - 20Tr(YuYJ) + 4593) 9)

3.2 Quartic scalar couplings

o —2(4)\ L2+ Aa,s) (10)
B = = (2409 A2, 40NE, + 392026 + 1562026 + 10A3, ¢ + 10002, As + 2502 g As + 25503
- 15)\%,5Tr(YdeT) 572 ¢ Tr (Y YT) 1502, ¢ Tr (Y YT)) (11)
n _ 9 2 . N2 T T
BAHS = —16AcsAgc — 1091 )\HS gz)\Hs 6AA s — 40 — 6AgsAs + 6AgsTr( YaY,) ) + 2AgsTr( YL Y,



+ GAHSTr(YuYJ ) (12)

1671 9 145 36
5,(\2133 = —384g5AcsAme — 322 Are — 32 cs A + 200 91 TAms + 89192)\115 T6 9aAHS — g%/\/\HS

— 369 /\>\HS — 15/\2/\HS — 8/\ /\HS — 64/\0(8)\1{0)\]{5 — 8)\?_10/\]{5 — 59%/\%15 — 395/\%’5 — 36/\/\%[5
( 1
- ?x;{ — 36A]sAs — 30AusXE + s (144>\ +160g2 + 4502 + 48X x5 + 5g§)Tr(YdeT)
1 1 4
+ s (15g% + 1562 + 16 s + 48)\)Tr(YeYJ ) + {g%AHSTr (Yuyf) + Z5g§AHSTr<YuYJ>

2
+ 402\ grsTr (Yqu ) +36M\ g Tr (YuYJ ) F 1223 T (YuYJ ) - lAHSTr(YdeT Yde)

2
- 21AHSTr(YdYJYqu ) - g)\HSTr(YeYj VAL ) - ;AHSTr (YUYJ Y, v} ) (13)
27
D = —o09t - 1%9392 - Zgg - 991A 992\ — 1202 — 16A%, — AL g + 12ATr(YdY*)
+ 4>\Tr(Y v} ) + 12)\Tr(Y v ) + 12Tr(YdYTYdYT) + 4Tr(Y v Yeyf) + 12Tr(Y YTYuYJ) (14)
@ BL g I6TT gy 289 g 305 g IS8T NIT 0 T3 54 2N sagiy?
ey —oof ! = 54g2\
X = +ippgdt + gpp 9193 + g 910 — 508 + g oA+ S50 2 &

— T8} — 384g3 0% — 80MNF o — 640} 0 — BN g — 4N g

1
— (= 5(167(1003 +90) + 45637 + 993 ) + 991 + g3 ( — 252+ 5463 ) ) Tr (YaY{ )

10
3 171

+ 3 (1591L + 5(16/\2 52\ + 92) + g%( —99g2 + 25)\))Tr(Y6YT> g6 4Tr<YuYJ)
%glng (YuYJ) n ZQQTI"(Y YT) lg%ATr(YuYJ) —gQATr(Y YT)

+ 80g2\ Tt (YuYJ ) n 72A2Tr(YuYJ ) _ g §#Tr (YdeT Y,y ) + 642 Ty (Yde Yde)

— 3ATr (Yde YY) ) _42)Tr (YdYJ Y,Y] ) + %g%Tr (YeYj YY) ) - )\Tr(YeYteYj)
15—691Tr(Y Yiv,v! ) +64¢2Tr (Y Y,y ) ~3\TY (Y Y,y ) - 60Tr(YdYTYdY YdYT)

— 12T (Yo vavvay]) + am (v fvay]) + em(vaviveyivy])

—20Tr (}Q}QTYeYteYJ) — 60Tr (YuYuT Y ViV, ) (15)
9 9
Bl = —1p9ihne — 5937 = 18G3Aue — 6Xire — 4Xhe — Aewdirs + GhcTr(YaY] ) + 2 Tr (YY)
I (YUYJ ) (16)
1671 9 145 207 36 1
B = +4—Oog e + 2oig3Aine = Jp 92 e + —-gidne — £ giA e = 3693\ e — 1A e = S G o

-z gleC — 392040 — 12920% 0 — 360050 — 1800 — 202 Ays — 4hcsAmoAms — 2Mcs) %



1 1
— SAnoNys + (409§AHC + 7293 + o (4595 448 (3)\ n AHC) + 5g%))Tr(Yde>

1 1
+ {Auc (1595 1562 + 16(3>\ + AHC))Tr (YeYJ) + 7204 Tr (YUYJ) + %ngHcTr(YuYJ)
45 o i 2 i i 2 i
+ Lo ucTr (YuYu) + 4093)\HcTr(YuYu) + 36)\)\H0Tr(YuYu) 1202, Tr (YuYu>
27 9 27
- ?)\HCTr(YdeT YY) ) - 21AHcTr(YdYJYqu ) - ichn(YeY;y;w) - ?)\HcTr(YuYJYuYD (17)
g — —2(2)\2 2 moAms + 3Acshs + 92N 1
N = Cs HCAHS + 3AcsAs + 995 ¢ (18)
207 33 24
55\26?5 = +79§)\C5 — 1295)\%«5 — ?)\%5 — 2/\03)\%0 — EQ%AHC/\HS — 2495)\HC>\HS — 16)\Cs>\HC>\HS — 8)\%0)\[{5

— 2esA g — 8AieA kg — 3605 s — 30Acs A2 + 24\ e A s Tr (Yde ) + SAHCAHSTr(YeYJ)

2\ geAgsTr (Yuyj ) (19)

3.3 Yukawa Couplings

BV = —§( Y Yy, + YquTYd)
g 2
1
1Y, (3Tr (Ydyj ) +3Tr (YuYJ> _8¢2 ?ggf - %g% n Tr(YeYJ» (20)
@ _ L ooy, viv,yly, - av, vy, yiy, + ey, Y Y, Yy, - vy v vy,
Y, S0 ulgltdlgltd ulqy tulygltd uly tulylu ulgtdlytu

LY,YY, (128Og§ 180Tt (YeYj ) +223¢% + 480X — 540Tr (YdeT ) — 540Tt (YuYJ ) + 675g§)

+ Y, [Ya (100Te (YY) — 128003 + 300 (Y] ) + 300Tr (v, Y] ) — 4393 + 4543 )

+ %Yu (1187g;1 — 270g% g2 — 345095 + 7609392 + 5400922 — 5600093 + 900A? + 2400\% - + 15072 ¢
+375(3203 + 993 + 3 ) Tr (Vv ) + 1125(g3 + 63 ) Tr (Vv ) + 127567 T (v,

+ 337563 T (Y, ;) + 1200003Tx (Y YF ) — 40507 (Yo vav] ) + 9007 (Yav v, v])

— 1350Tr (YeYJYeY;) - 4050Tr(YuYJ Yuyj)) (21)

8 = G (6(—vaviva +vaviva)

~—

—Yy( — 12T (YY) — 12Te (VY ) + 3292 — AT (YY) + 942 + ¢2 22
d u 3 e 2 1
1
By, = +g5 (20 (1YY YV = VAV Yay Ve + 6YaY YaY [ Ya - Yav VY va)

FYaYlY, (1zsog§ — 180Tt (YYT) +187¢% + 480X — 540Tr (Ydyj ) — 540Tr (Yuyj ) + 67595)

LYYy, <1OOTr (YeYj ) — 1280¢2 + 300Tt (Yde’f ) + 300Tx (Yqu ) +45¢2 — 79g%))



127 , 27 23 , 31 2%0 , 3 1

+ Yd( - @9% - %9%95 - Z!Jg + E!J%!J% +99593 — 79§ + 5)‘2 +42he + ZA%IS

1 1 4
+ 2(3293 +9g2 + g%)Tr(YdeT) + @5 (g% + gS)Tr (YYT) + gngr (YuYJ) + gggTr (YuYJ)
2 Py _ 27 vyt 43 ty yt) _ 2 ty yt) = 27 ty yi

+ 202 Tr (YUYU) - (Yde Yde) +3Tr (YdYu Yqu) - ZTr(YeYe YeYe> - (YUYU YuYu)> (23)
1 3 9 9
A AR AR (3Tr(ydyj ) + :m«(yuyj) — <ot - 1o+ Tr(YeYeT>) (24)

@ _ 3 ty yt
=+ (sovvivyfy,
LYYy, (129g% 1160\ — 180Tr(Yde ) — 180Tr (YuYJ ) +225¢2 — 60Tx (YeY; )))
1
+ g5 Ve (1371g;1 +270g2g2 — 1150g% + 30002 + 80072, + 5002 g + 125 (3293 +9g2 + gf)Tr(YdeT )
+375 (g% + gg)Tr (YeYJ ) + 425g%ﬁ(YuYJ ) 4112562 Tr (YuYJ ) + 40009§Tr(YuYJ)

—1350Ty (YdeYde ) +300Tr (YdYJ Y,Y] ) — 450Ty (Yeyj v.Yi ) —1350Tr (YuYJ Y, Y )) (25)

3.4 'Trilinear Scalar couplings

BLY = —2(4eCcy + 9eSAs + cHprs ) (26)

12
B2 = —192eCg3Ac. — 32eC A%, — 36eSAZ, — geHgf)\HS —12eHgi\ps — 8eH)% 5 — 9eS\% g — 48¢CAcsAs

—12eHAjshs — 207TeSA% + 12eHAHSﬁ(Yde ) + 4eH)\HsTr(YeYj ) + 12eH)\H5Tr(YuYJ) (27)

) —12061-[9% - geﬂgg — 6eHN — 16eCA e — deHA jrs — 6eShps + GeHTr(Yde ) 4 2eHTr (Yeyj)
+ GeHTr<YuYJ) (28)

,bﬁ} = —|—14:6ﬁ.7oleHgi1 + %eHgfg% — %;eHgé — %eHg%)\ — 366Hg§/\ —15eHN? + 4eH)\QCS — 384€Cg§/\Hc

3

—32eCAcsAnc — 32eH o Ao — 32¢C A3 — 8e H\3 o — geHngHS —3eHgiAps — 36eH s — 16eCAcs s
23

—32eCAgcAgs — ?GH/\%S — 2465/\%,5 — 12eHAgshs — 36eSAgsAs + 3€H)\%

1 1
+ ZeH(144A + 16092 + 4562 + 48X s + 5g%)Tr (Ydyj) + Z617{(159% + 1562 + 16 s + 48/\> Tr (Yeyj)

1 4
+ geHngr (YuYJ) + Z5eHg§Tr (YuYJ) + 40eH g2 Tr (Yqu ) + 36e ATt (YuYJ)

2
+12eH s Tr (YuYJ ) - ;eHTr<YdeT YY) ) — 21eHTr (YdYJYqu ) - geHTr(YeYJYeYj)

- %7@HT1~ (YUYJYqu ) (29)



B = —2(2@0)\05 +2eHA e + 3eSAcs + 9ecg§) (30)

207 41 24
ﬁec = eC’g;j —12eCg3hcs — ?eC’/\%S — 24eS\Z, — geHgf/\Hc —24eHgi o — 8eHNcsAmc — 2C N3
- SEHA%{C — 4€H/\C’s/\HS — 860/\]{0)\1{5 - 8€H/\HC)\HS + 60/\%_15 — 1260)\05)\5 — 3665/\03/\5 + 360)\%
+ 24eHAgeTr (Y Y] ) + 8eHAgeTr (YY) + 24eHA g Tr (Y, Y, 31
d e [

3.5 Scalar Mass Terms

B =16eC? + 36eS? + 4eH? — Xy sp — 6Aspis (32)
24
B = + ——eH?g? + 24eH?g2 + 384eC% g2 + 80eC? A¢s 4 192eCeSAcs 4+ 20eH? Mg + 48e HeSA s + 48¢C? Ag + 12¢H? A g

24
Eg%)\HSM — 245 s — 8AF g

- 24( A+ eHZ')Tr(Yde ) _ 8( —Ansp+ eHZ)Tr(YeYJ> _ 24eH2Tr(Yqu) + 24\ suTr (Yuyj) (33)

+540eS%\g — 8\Z 115 — 205 gpts — 30A3 s —

9 9
B = 2eH? + 2;m(y YT) — A+ 6;m~(YdYT) + 6,uTr(Y YT) — o= 59— Msns (34)
3
B = I—OeHQ §eHQg§ + 18¢ H? X + 16eC?* A + 32eCeH Ao + 8¢C? Mg + 6eH?* Mg + 12¢e HeSA g g + 1852 Airg
1671 9 145 , 36
= 2\zshs + o0 gLk + Sglgzu = g 92k = g M = 369301 — 15N — 8A o

gA%su + (—6er?+ T (144)\ + 16093 + 4593 + 597 ) ) Tr(Yav])
1 17
+3 (3(16)\ +5¢2 + 5g§)u - 8@H2>Tr<YEYJ) - 6eH2Tr(YuYJ) + Zg%;m(yuyj)

4 2
+ fgguTr(YuYJ ) +40g2uTr (YuYJ ) + 36>\uTr(YuYJ ) - guTr(YdeYdY;>

9 27
- 21,uTr(YdYJ Yuyj) — 5NTr<YeYJ Yeyj) - ?ﬂTr(YuYJ Y, Y} ) (35)
3.6 Vacuum expectation values
B = % o(1563Xi — 20T (YoY!) + 397 + 4563 — 60Tx (YaY,] ) — 60T (Y, Y} ) +9g3) (36)
1
B2 = @v( —1293g} — 27092 g2 + 677593 — 120072 — 320072, — 20072, ¢ + 18¢+Xi 4 18092 g2 Xi + 225095 Xi

+18g2Xi% + 18092¢2Xi2 — 450g4Xi® — 20 (4593 (2Xi + 5) +800g2 + g2 (18Xi + 25)>Tr (Yde)

— 60 (593 (2Xi + 5) +g? (2Xi + 25))1&«(1/63/; ) 17002 Tr (YUYJ ) - 4500g§T‘r(YuYJ )



— 16000¢2Tr (YuYJ ) — 3602 XiTr (YuYJ ) — 1800¢2XiTr (YUYJ ) + 5400Tk (1/deT Yo )
— 1200 (Y[ ¥, Y] ) + 1800Te (VoY vev ) + 5400 (Y, Vv, Y] ) )
1
Bl =0
B2 = = (37% + 40E, + Ajrs )vs

vs

4 Field Rotations

4.1 Rotations in gauge sector for eigenstates ’EWSB’

B, — % Yo

Ws, Zp

Wlp _ ZW W/;F

Wa, W;
The mixing matrices are parametrized by

7 _ cos Oy —sin Oy
sinOpy  cos O

1
ZW —_ ﬁ
i —z’\}
2

4.2 Rotations in Mass sector for eigenstates ’EWSB’

SR

4.2.1 Mass Matrices for Scalars
e Mass matrix for Higgs, Basis: (phiH, phiS), (phiH, phiS)

) %(—3/\1)2 —vS(QeH—i—)\Hsvs)) + —v(/\HsvS—i—eH)
mi; =
4 —v (/\Hsvs + eH) —3vg (265 + )\svs) — %/\Hsv2 + us
This matrix is diagonalized by Z7: ‘
ZHm,QlZH’T = mgfﬁ

with

phi =) " Zfh;, phiS = > ZJ5h;
J J

10



4.2.2 Mass Matrices for Fermions

e Mass matrix for Down-Quarks, Basis: (dL ({cml})) ) (conj (dR({cnl})))

my = ( %véal/@leT )
This matrix is diagonalized by U¢ and U}%
Ug’*mdU;;ii’T = mdi
with

dr ({gt1,et1}) = 3" U5 FDL({gt2,ct1})
ta

dR({gtl, ctl}) = Z U,%’Z-jconj (FDR({thctl}))

Mass matrix for Up-Quarks, Basis: (uL ({cml})) ) (conj (uR({cnl})))

My, = ( —%U(SQI&YUT )

This matrix is diagonalized by U} and Ug

U,k u,t dia
Uy m U’ =my,

with

uL ({gtl,ctl}) = Z UE:;FUL({th ctl})
to

uR({gtl,ctl}) =3 U ,;conj (FUR({th, ctl}))

Mass matrix for Leptons, Basis: (eL), (conj (eR))

This matrix is diagonalized by U7 and Uj

with

eL({gt1}) = " Up 3 FEL({gt2})
eR({gtl}) = Z Uk,;;con] (FER({th}))

11



5 Vacuum Expectation Values

1 1 1
H° = —phiH+ —v +i—A°
ﬁp V2 V2

Sing = phiS + vg

6 Tadpole Equations

851‘1/1H = —%’U( —2u+ M2+ vg (QeH + )\Hsvg))
63‘1/18 = %( — eHv? — vg (2)\511% —2ug + 6eSvg + )\H5U2))

7 Particle content for eigenstates ’EWSB’

Name Type complex/real ~ Generations Indices
HT Scalar complex 1
(@) Scalar complex 1 color, 8
A Scalar real 1
h Scalar real 2 generation, 2
v Fermion Dirac 3 generation, 3
d Fermion Dirac 3 generation, 3, color, 3
U Fermion Dirac 3 generation, 3, color, 3
e Fermion Dirac 3 generation, 3
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
n Ghost real 1
z Ghost real 1
+ Ghost complex 1
- Ghost complex 1

12



8 One Loop Self-Energy and One Loop Tadpoles for eigenstates >EWSB’

8.1 One Loop Self-Energy
e Self-Energy for Higgs (h)

1 . 1 ¥ .
Hi,j(pQ) = +§BO (pzvm,240amio)rhj,AO’AOFhi,AO,AO + 2( - irMS + Bo (p27m227m2Z>)Filj’Z’ZFBi,Z,Z + Bo (pQ,m%]+,m%{+)Fk
* 1 *
+3Bo (9, mb,m3 )T 6. oThy0m0 +4( — 5MS + By (RN ] RS
—Bo (pz’ m727+’mgﬁ)rﬁimjrm*lﬂﬁjmf*m* — Bo (pz, m727_ ; mi‘)rﬁi,nl,nfrﬁjmlm*
1
- B() (p mZZ,mQZ)Fh 77 ZF;LM-zmz - *AO (mi())F;liij,Ao,Ao - AO (m%-IJr)Fhi,h_j,H*,H*
_SAO(m%)Fh h; O*O+Fh ZAOFh ZAoFo(p on,mZ> +2Fh W H+F5i7W77H+F0(p2,m%{+;m%{ﬁ)
2
r LiMSm2,, + Ao (m? r L MSm2 + 4 (m? LS~ 4o (m2 )T
+4 ili,hj7W7,W+<_§r M+ + 0<mw+)) +2 h,-,hj,z,z(_ir mz + 0(’”2)) —52 0<mha) Bisbjhasha
a=1

2 2

1 .
5 E E (P mh amhb)Fh B hbrhl ha,hs
a=1b=1
3 3
2 2 2 Lx R Rx L
- GZmda ZBO (p 7mda’mdb>mdb (Fh sy L s +th,<ia,dbrﬁi,d_u,db>
a=1 b=1

Lx L Rx R
+3ZZG0(p mg, ’mdb) (Fh oL hdndy VIR, dy L Riode db)
a=1b=1

3 3
2 2 2 Lx* R Rx* L
2 Z Me, Z BO (p ’ mea ’ meb) Me, (th,éa,ebrfvzqy,éa,eb + F;Lj,éa,ebrhi,éa,eb)
a= =

3 3
2 : 2 : 2 2 2 Lx L Rx R
+ GO (p 7meua meb) (Fh ea,ehFhl,ea ep + Fﬁj,éa,ebrhi,éa,eb)
3 3
2 2 2 Lx R Rx* L
6 Z Mu, Z BO (p 2y My, muz,) Moy, (Fﬁj,ﬂa,ubl—‘ﬁi,ﬂa,ub + Fﬁj,ﬂa,ub Fizi,ﬂa,ub)

3
2 Lx L Rx R
+3 Z Go (p ’mu 7m ) (Fh]yuaaubrhz;uayub + F;lj;aaauhrﬁi;aayub) (65)
a=1b=1

e Self-Energy for Down-Quarks (d)

2 3

S *
5507 = +ZZ Bo (p Mg, mj,, )FdL hasdy dbr(%,ha,db
a=1 b=1

13



3 3
16 1
2 2 2 L R 2 2 R L
+ZBO(p ,mdn’,on>F;;deOmdnrii,da’AO — ?Z (7 irMS‘i’BO(p ’mdb’0))Fd:;g,dbmdbr<§i,g,db
a=1 b=1

1 . 1 .
(s B O 43 (B )t

dj,Z,dy di,Z,dy

=~
o
INgh

b=
3
2 Lx R
* Z Bo (p muw mH+>Pd1 JH= ,meude_hH’ S Ub

3
1 2 2 2 Rx L
- 4?2 (=S4 Bt ) JUmal o
1 2 3 1 3
R 2 2 2 Rx R 2 2 2 Rx R
B0 = =5 2 3 B (Pt )T T, 5 2 B (o )T T
a=1 b=1 =

3
4 2 2 Lx L
3 bz: e (p > My 0) Fjjxgxdb dig,ds Z B (p mdb’ O)F debrd:imdb

3
1
_ 2 2 2\ L+ L _ 72 2 2 2 R R
ZBl (p ’mdb?mz)rfiwzydbrgmzydb 2 By (p ’m"”’mH+)FJj»HﬂubF(L,H*,ub
b=1 b=
3
2 2 2 Lx L
N By (p 7mub7mW+)FdJ7W_7ubFJi;W_;ub (67)
b=1
123
L 2y _ _ = L L L L
255 (P7) 2223 <p M, M., )Fd oy ¥ oy ZBl P Moo )TE 0 aoLda, a0
a=1 b=1
13
= 2 9 R+ R R+ R
3 bZBl (p ’mdb’o)rdﬁg,dbrdl,g,db ZBl (p mdb’o)rdjn,dbr@mdb
=1
3 1
_ Rx R _ = 2 2 2 Lx L
bZ;Bl (p mdme)Fd],Z de&i,Z,db sz 131 (p ’mub’mH+)FJj,H*,ubFJi,H*,ub
3
2 2 2 R+ R
N By (p 7m"’”mW+)F(jj7W’7uiji7W*,ub (68)
b=1
e Self-Energy for Up-Quarks (u)
2 3
S [2y _ 2 2 2 L R
(%) = +ZZBO (P 7mub7mha)Fﬁj,hn,,ubmubrﬁi,ha,ub
a=1b=1
3 3
2 2 2 L R Z 2 2 2 Lx R
+ E By (p 7mua7mAO)Fﬁj,ua,AOmuarﬁi,ua,Ao + By (p ’mdb7mHJr)Fﬁj7H+7dbmdeﬁi7H+ydb
a=1 b=1
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3
16 Z 1 2 2 R L 2: 1 22 Rx L
3 ( B irMS +Bo (p ’m“b’0)>ru;,g up “brii,g,ub -4 ( N ngS +Bo (p # My 0)>F“: s ubm“brﬁix%ub
1 b=1

1 *
—rMS + By (p mdb ) mw+>)F%7W+7dbmdbréi,w+,db

> (-3
3
43 (= S B (o ) ) T 2 (69)
b=1
1 2.3 1S
S B (e P TR 5 S0 B (P e )T T e
a=1b=1 a=1

3
1 2 2 Lx* L
D) Z By (p mdb,m}ﬁ)f‘f H+ dbru,,H+ dy Z By (p muw 0>Fu37q7ubruz,q>ub

b=1
3 3
2 2 Lx L 2 2 2 L L
- § By (p » My s O) Fﬁj,'y,ubrﬁi,'y,ub - E :Bl (p » My, mW+)Fﬁj,W+,deﬁi1W+1db
b=1 b=1
3
2 2 2 Lx L
- Bl (p amume)Fﬁj,Z,ubFﬁi,Z,ub (70)
b=1
1 2.3 1S
Lx L 2 2 2 Lx L
5 Z Z B (p mub’ mh )Fu] ha u,,Fu“ha,ub B 5 Z Bl (p ’ mua’ mAO>Fﬁj 7ua»A0F7ii1ua7AO
a=1b=1 a=1

3
1 2 2 2 Lx Rx* R
B §ZB1(p 7mdb’mH+)Fu H+ deul H+,dy, — ZBl<p mub O)FUJ7!] Ubruug Up

b
3
2 Rx R 2 2 2 Rx R
- E B, (p 7mub7O>Fu],'y u;,]'—‘u“’y up E :B1<p ’mdb’mW+)Fing+,d1>FﬁifW+gdb
1 b=1

Bl (p2’m2 )FR* FR (71)

ub’ Uy, Z,up Wi, Z up

2 3
i '(p2) = +ZZBQ (p2,m3b, )Fé}ihmebmebrgﬁmeb

3 3
2 2 2 Lx L
+ZBO(I7 7mea7mA0>Fe €a, Aomea e“e,, AO _42 (_ *I‘MS-’*BO(p m6b70)> 'Yebmebren’)/ 23
a=1 b=1

3
1 *
—4 g ( - §I“MS + Bo <p27mzb’m2Z>)F§J Z,ep ebFéLi,Zﬂb
b=1
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+
AN

2 2 2 L+ R
By (P s My s mH+)Fé]-,H— ,meVb]‘—‘éi,H* b

b=1

> 1
Rx L

42 ( 5 rMS + Bo (p mub’mWJr))Fej w-, bm”bréi,W’,ub (72)
b=1
1 2 3 1 3

R R R 2 2 2 R R
E 5 Z Z By (p meb’ mh )Fé;ha,ebréi,ha,eb - 5 Z By (p 2y Meys mAO)FeJ*ea,AO Féi7€a7A0
a=1b=1 a=1
3 3
2 2 Lx L 2 2 2 L L
o Z By (p 1My O) Fé,ﬂ’webréi,’%@b - Z By (p 1 Mhey, mZ>Fe *Z ebrem Z,ep
b=1 b=
1 3
2 Rx R Lx L

5 ZBl (p mub7mH+)F Vbréi7H RV ZBl (p ml/b’mW*)FeJ,W_,l/bFéi,W_,ub (73)

b=1 b=1
2 3 1 3
L Lx L 2 2 2 L L
E Z Z B ( ebv )FeJ ha ebF61 haser — 9 Z By (p 1 Meys mAU)Fé:Ea,,Aoréiyeon
a=1b=1 a=1

3
2 Rx R 2 2 2 Rx R
B (p ,meb ’ O) L en &ven — Z B (p ey mZ)FGJ’Z ev” &2y

I
[
l\J\»—t

<
Il

.

3
2 2 2 L L 2 2 2 Rx* R
By (p ’ml’b’mH+)Féj1H7aVbFéin7»Vb o 2 :Bl (p ’me’mW'*')Féj,W*,VbFéi,W*,Vb (74)
=1 b=1

N | —
o

e Self-Energy for Charged Higgs (H™)

1 1
M(p?) = +4|FH77W+77|2( — 5TMS + By <p2, 0, m%/IH)) A0 g |2( — 5tMS + Bo (pz, m’éw,m?Z))
— By (P27 mizvm%*>FH+,n—77erH*,nl,nZ — By (pQ, mffr’miz)rH+7nZ,n1FH‘7n?7n+
1
_ §A0 (mio)FHJr,H*,AU,AO — A (m%[Jr)FH*,H*,H*,HJr — 84 (m%)l“HtH:O*,O

+ |FH7,W+,AO|2F0 (p27m?407m124/+) + |FH*,7,H+|2FO (p2amij+a0) + |FH*,Z,H+|2F0 (p27m%{+am2Z>

1 1
+ 4FH+,H_,W_,W+ ( — §I‘Msm%/v+ + Ao (m%,VJ,)) + 2FH+,H_,Z7Z< — §I‘MS7’I’L2Z + AO <m22))

2 3
1
=5 2 Ao () Pare o, £33 (- 2ol + 10 1) Go (o i )

a=1b=1

3 3
3 (IPh P+ I ) Go (522, m2,)

a=1b=1
3 3
2 2 2 Lx* R Rx L
-6 E mq, E By (p 7mdavmuh)mub (FH*,Ja,ubFH*,d_a,ub + FH*,d_a,ubFH’,Cia»ub)
a=1 b=1
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2 § 2 2 2 L* R R* L
-2 Me, BO (p ) mea, ’ ml/ )ml’b (F ea,beH ea,l/b F ea,ubPH Ea,l/b)
a

2 2
T Z ITs— 11+ 1, |* Bo (pQ, mi., mib) + Z ITs— w o | Fo (pz, mi,, m%w) (75)
b=1 b=1

e Self-Energy for Color Octet (O)

1
(p?) = —§Ao (mio)ro,o*,AO,AO — Ay (m%ﬁ)FO,O*,H—,H‘*’ +3|To- g.0*Fo (P27m%>,0>

2 2
1
2 > Ao (mia)FO,O*,hmha +Y " ITo.0.m,|*Bo (pQ’ mo, m%b) (76)
a=1 b=1

¢ Self-Energy for Pseudo-Scalar Higgs (A°)

1
H(]ﬁ) = —By <p27m$;+7m$,+>1—‘1240m'+m+ — By (19277773],7 )Fiom . §A0 (miO)FAO,AO,AO,AO

2 2 2 2 2 2
— Ao (mH+)FA0,A0,H:H+ — 84, (mo)FAU,AU,O*,O +2|T g0, 1+ |" Fo (p ,mH+7mW+)

1
+4FA0,A0,W—,W+ ( — irMSm%‘H + Ag (m%/+)) + QFAO,AO,Z,Z( — erSmZ + Ap (mz)) + Z |PA0 B Ao‘ By (p mha

2

3 3
1 2 L 2 2 2 2
§ZA0<mha>rA°,A°7hmha +3)°3 <|PA0,Ja,db| + 1T %0 4, a, )Go(p ’mda’mdb)
a=1 a=1b=1
3 3
2 2 2 2 2
+ ZZ ( A0 éaaeb| + |FA0 Eaaeb| )GO (p ’mea’meb>
a=1b=1
3
2 2 2 2 2
+3ZZ (‘FAO ﬂa’ub‘ +|FAU aa7ub‘ )Go(p 7muaamub>
a=1b=1
3 3
2 2 2 L R R L
_szdaZBO(p ’mda’mdb)mdb(FAzd L 40.d,.a, T a0, 0,0 40 4, db>
a=1 b=1
2 L
-2 Z Me, Z By (p me 7meb)m€b (FAU €a, ebFAO Ea,ep + 1—‘AO €a ebl—‘Aoyéa;eb)
a=1
3 3
_ GZmua ZBO <p27m m )mub <FAO g ubFAO,ﬁ,“ub + FAO g ubFAO ﬁa,ub)
2
+ Z |FA0,Z,hb|2FO (pza m}27,b7 mQZ) (77)
b=1
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e Self-Energy for Z-Boson (Z2)

(p*) = +2[Tzw- m+|*Bo (pZam%/V+am§{+> + Ty % 12 Boo (p27m37+,m,2,+) + Ty, - 1?Boo (p m?_,mp- )

1
— 4Tz g g+ *Boo (pQ, mi., m%ﬁ) + 5140 (mio)rz,z,AO,Ao + A (m%H)FZ,Z,H*,H+

1
- |FZ,W*,WJr ‘2 (10300 (pQ, m12/v+7m{2/v+) + 24 (m%VJr) — 2rMS (Qm%/[/+ - §p2> + By (p mw+,mw+) (2mW+ +4p ))

2 2
1
_ 4;_1 |FZ)ha7AO IQBOO <p27 mQAo,miQ> + 5 ag_l AO (mia)rzzﬁmha

3 3
+3ZZ[< vand) TITZ 4. 4] )HO(pQ’mia,mﬁb)

a=1 b=

,_.

1
+4Bo (2, m3, 3, Jma,ma, R (55 T80 )]

3 3
2 2 2 2
33 (0GP 4+ 10 E o, 12) Ho (P2 m2, a2, )
a=1b=1
+ 4By (p27 mi ) mib)mea meb%(réféa,ebrgémeb)}

3 3
1333 (TG P + DB ) Ho (92,2, 2, )
a=1b=1
(p2, m? mib)muamubé}?(l“z LS uwb)}

3
Z [('FZ Vg, V},|2 + |FZ Wa, l/bl )HO (p27m12/a7m12/b)

+4BO< >myamyb§R(FZVa begymub)}

+
=~
S

M“o

+
1b

+ Z ICz21,|*Bo (p2, my, mii,) +2rMSm Ty 5w v — Ao (m%,w) (4F1Z,Z,W*,W+ +T% - w+ + F%,Z,W*,WJr)

(78)
e Self-Energy for W+ - Boson (W)
3 3
(p?) = 21”MSWW+FW+ w-w-w+ T 32 Z {(|Fﬁ/fﬂa,ub|2 + |F§V*,Ja,ub|2)H0 (p2vmglaa m?w)
a=1b=1
2
+4Bo (pz’ mi“’ mib)md“mub%(r‘e‘j’v(imubrgfiia,ub)} B 4|FW7H+,A°|QBOO (pZ’ mio, mi“) N 42 ‘FWﬂH*,thzBOO (]
b=1
2
+ 4By (pz, mga , mib)meamub%(I“ﬁ}k_7éa,be€V_,éa,Ub>] + Z Tw— w+.n, |*By <p2, m%,w , mib> (79)

b=1
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8.2 Tadpoles

1
(5th) = - §A0 (m,zqo)Fi”,AU,AO + Ao (m?ﬁ)Fizi,ﬁ,nJr + Ao (m%*)rﬁim—in* + 4o (miz)rfu,n_z,nz

1
— Ao (M3 ) Th - s — 340 (m3)Th 000 + A5, - ( — SIMSm . + Ao (%))

2
1 1
+ QF;L_ ZZ( — irMSmQZ + AO (m%)) — 5 ZAO (m%a)l“h“hmha

R o) (80)

L
mu‘l)mua (Filiﬂ]a;ua + Fﬁi;ﬂ(uua

9 Interactions for eigenstates ’EWSB’

9.1 Three Scalar-Interaction

hy
/
/
/
/
/
A0 —-—m - :
\
\
\
\
\
AO
i((AHsvs + eH) ZH 4 sz,ﬁ) (81)
I
/
/
/
/
//
hi ====== !
\
\
\
\
\
h;
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z(zf{ (Zf{ (3Auz,ﬁ + ()\HSUS + eH) Z,fg) + 74 ( ()\Hsvs + eH) ZH 4 AHSvZ,g))

vz (Zﬁ (()\Hsvs + eH) ZH 1 AHSUZ,g) + 71 (6()\5115 + es) ZH 4 AHSUZ,f{))) (82)
e
/
7
hy === /
\\
\
H+
i((AHSvS n eH) ZH 4 ozl ) (83)
03
/
hy == m—m— !
\\
\
Op
03, ((Acsvs +eC) 28 + AncvZzl]) (84)

9.2

Two Scalar-One Vector Boson-Interaction
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1 .
-5 (91 sin O + g2 cos ®W> Zﬁ( — pZJ erﬁo)

1 + 0
592(—195 + ) )
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[T
\
\\
-
7 - )
- 59247( -/ +pﬁl) (89)
T
HT --—- ('/
\
\\
-
Z‘ . H~ H+
— §<g1 cos Ow + g2 sm@W)(—pM +p, ) (90)

Z,
Ht --->--(\'fr‘
\

\
H-

7 . - +
_5(_915111@W+92COS@W)(_175 + ol )

(91)
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Gy
0. *.('J)J
\
|

\

Op
o
g3fa,,8,'y<_p,us +p3m> (92)
9.3 Omne Scalar-Two Vector Boson-Interaction
Wi
hi ====m=-
W,
7
iggvzg (go,u) (93)
Zy
hi ====m=-
Zs
7 . 2
iv <91 sin Oy + g2 cos @W) Zg (gw> (94)
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T

T

H* -=——-
Ws
%gww cos Ow (gfm) (95)
Z#
Ws
— %QIQQU sin Oy <gw) (96)
Wit
-y
Yo
%glggv cos O (ggu) (97)
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H- -—-—<-
W,
i )
— 5919200 Ow (g(m) (98)
9.4 Two Fermion-One Vector Boson-Interaction
Ivp
Jia
djp
by 17
293513 )\a,ﬂ <7# 2 ) (99)
7 1495
+ —5935@‘)\2,5 (%' 5 ) (100)
T
Jia
djp
i ) 1—75
— Eéagéij < — 3¢9 sin O + g1 cos @W) <7u g ) (101)
1
ﬁ) (102)

7
+ 591008 Owdapdij (% '




W
Ujey —<
djp

; 1=% (103)
o1 d,* U . . )
- 27926065 UL,ja Lia (7# 2
Zy
. —<
djp
Eéaﬁéij (392 cos O + g1 sin G)W) (’y# —
° 1475 (105)
+ —%915a/35ij sin Ow (% i )
Tp
: —<
€j
%@j (gl cos O + g2 sin ®W> (’yﬂ g
1+ 75) (107)
+ g1 cos Oy dy; ('Yu g
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Z
€j
. 1 e,* 1- 5
- ZEQ2UL’J¢@¢,3 (% : T) (108)
Zy
€;
€j
i . L=
561»]» ( — g1 8in Ow + g2 cos @W) <7u T ) (109)
1
+ —ig10;; sin Ow (W : z%) (110)
v
Wiy
ujpg
7 5 v 1-— Y5
— 59 i 0,3 <%¢ : T) (111)
i L+
+ —59351]‘/\2,5 (Vu T ) (112)
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Vi

Uiy

U5

2

) 1=
— %(504,3(51']' (392 sin O + g1 cos ew> (’yu . 27 ) (113)
2 1+
+ fggl cos Oy dagdij (fyu . 275> (114)
Zy,
ﬂia
Ujp
i : 1=
— 65a55¢j (392 cos Oy — g1 sin @W> (’yﬂ - ) (115)
21 1
+ 51915%851‘]‘ sin Oy (’m : 7275) (116)
i
Jia
Ujp
1 3 1—7
i gebas S U UL ( i 5) 117
\/592 B a; L,ja“~ L,ia Y ( )
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Vj

2

0ij (91 sin Oy + g2 cos @W> ('Yu . 1- 75) (118)

. 1 e 1- 5
- 259293',3[]1:,@' (’Yu ’ T) (119)

9.5

Two Fermion-One Scalar Boson-Interaction

djp

3 3
- %50!5 Y Ui Y UgiaYaab ( ! _275) (120)
2 b=1 a=1

3 3
1 . L+ %
- o X S Vil (52) -

b=1a=1
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3
1 e,* — V5
722 L]bZURm fﬂb( 2 ) (122)
b=1
1 3 3 14 N
ﬁZZYé‘TabUﬁ,jaUE,w( ) (123)
b=1a=1
AO
/
/
/
/
/
Uiy /
Ujs
w,* w,* — 75
Oéﬁ ZUL ijUR zaY ( 2 ) (124)
I+
+ —= aﬂ Z Z u,a R ja ( 2 ) (125)
b=1a=1
by
/
/
/
/
/
d; {
djp
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3 3
o1 X « 1-—
RERI T AN -
b=1 a=1

3 3
= * L+
+ —i—=0as Y YiuUh suUt 28 ) (127)
\/5 b=1a=1
Ht
/
//
s /
djp
3 3 |~
; d,* (s — )5
_ ’L(SozB Z UL’jb Z UR,iaYU,ab( 9 ) (128)
b=1 a=1
3 3 |4
9 * u 5
+ —idap Z Z Yd,abUé,jaUL,ib (72 ) (129)
b=1a=1
D,
/
/
/
/
/
€ /
€
1S 3 1=y
: e,* e,* — 75
N D Ui D Ui Yean i ( 5 ) (130)
b=1 a=1
1 3.3 14y
; * e e 5
TS Z Z Yo aUkjaULanZin (T) (131)
\/5 b=1a=1
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1)
€j
(132)
+75
—i Z e, azUR ]a( 92 ) (133)
h,
/
/
/
/
/
— /
Ui
ujp
U, * U, * 1- V5
(Xﬁ Z UL ,jb Z UR ia u ‘lekl ( 2 ) (134)
u u 1+ 5
045 Z Z u abUR,jaUL,inllcql ( 2 ) (135)
b=1a=1
H-
/
— //
dia
ujs
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3 3
]_ _
. U,k d,* V5
—ibas S UEH ST UR,mYd,ab< 5 ) (136)
b=1 a=1
3.3 1+
+ =i Y O ViiwUh juUf o (—5) (137)
b=1a=1
-
//
/
€;
Vj
3 1 5
. e,* — /5
— Z{;URJ,(],Y@,GJ (T) (138)
9.6 Three Vector Boson-Interaction
Ivp
Gap
980
93fa,By (gpu ( - Pyt + pﬁ””) + Ypor ( —pier + pff") + Gou ( -+ pﬁ”"’)) (139)

Wi

P

Vo
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— igo sin Oy (gp“ ( —

wt W W W
o +pa”>+gm(—pﬂp +p,1">+gau(—p3"+pp“)) (140)

+

Zy

Wy

. W= W= wt wi
ig2 COS@W(Q[);J,( — P+ s’ ) +gp<7( —Pu” D’ ) +gau( —Pp° +pf“)) (141)

9.7

Four Scalar-Interaction

A

(142)

i(Auszfs 7zl + 2Zf 2]

(143)
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i

(144)

IAHCOs

(145)

i(2H (Ansz (2828 + 2528 + 28 (33 2B 28 + ans 2578 )

+ 28 (s 2B (2828 + 2[4 28]) + 25 (63s 2128 + Ans 2 21 ) ))

(146)
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i(AHSzg 78 4 Azl 2! ) (147)

O; 0,

/
\
\\ //
\
\/
/7 \

i0.5 (/\Cs ZHZ + Ano 2l 71 ) (148)

H- H-

~ A

\N 7/

\4

/7 \
/ \
/ \

HT H*

2\ (149)
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i/\Hcéﬁg

(150)

9.8

Two Scalar-Two Vector Boson-Interaction

Wi W,

(151)

(91 sin ©Ow + g2 cos @W)2 (gw>

N | .

(152)
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Yo W

1
59192 cos O (guu)

(153)

Z, W,

1 .
- 59192 Si C_')W (g,u,u)

(154)

W+ o

v

1
_ 59192 cos Oy (gm,)

(155)
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(156)

(157)

N | .

2
(gl sin Ow + g2 cos GW) ZgZﬁ (gw)

(158)
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Yo W

1

29192 cos @WZg (gw)

(159)

(160)

W+ T

7

29192 COS ®WZZIiI (gp,u)

(161)
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PARRN
/ N
h; H~
( .
— 59192 8in OwZl] (QW> (162)
Tv m
// \\
/ N
H* H-
1 2
3 (91 cos Ow + g2 sin @W) (g,w> (163)
Zl/ P)/,u
// \\
/ N
o+ H~
— i( — 2g1g2 cos 20w + ( — g3+ gf) sin 2®W> (gW> (164)
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95 (g;w) (165)

(* g18in Ow + g2 cos G)W)Q(g/w) (166)

N | .

ig3 ( 28: fas.alsra+ 28: faﬁ,af,@,ci,a) (g,w) (167)
a=1 a=1
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9.9

Four Vector Boson-Interaction

gsv Gyp
Gap 9po
8 8
- igg ( Z fa,&,afﬁ,’y,a + Z foz;y,afﬁ.,é,a) (gpag;w) (168)
a=1 a=1
8
+ Zg?z,( - Z foz,ﬁ,af'y,é,a + Z fa,é,afﬁ,’y.,a) (gp,ugou) (169)
a=1 a=1
8 8
+ ig?z, ( Z fa,'y,afﬁ,é,a + Z foz,ﬁ,af’y,&,a) (gpugo,u) (170)
a=1 a=1
W, Tu
W; Yo
g3 sin ©F 171
tg2 SM Oy | Ypo G (171)
+ igg sin 612/11 (gpugau) (172)
+ 721’93 sin @%/V (gpl/gﬂu) (173)
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W Yo

14

igs cos Oy sin Oy (gpo'gul/)
+ —Zg% sin 26W (gp#gau)

+ ig3 cos Oy sin Oy (gpugau)

(174)
(175)

(176)

W Wit

W, We

2i9§ (gpagw)
+ _Zg% (gpugaz/>

+ *igg <gpugz7y)

(177)
(178)

(179)

Z, Zy
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- 2ig§ COSs 6%/1/ (gpag;w) (180)
+ ig3 cos Ofy (gpugau) (181)
+ ig3 cos Of (g,wgw) (182)
9.10 Two Ghosts-One Vector Boson-Interaction
Gvu
ng -
ng
nS
gsfos (P ) (183)
Wi
njr . 4. .
) .
— igs Sin Oy (pzw) (184)
W
771 .- -
) .
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’ (185)
igo sin Oy, (pz )
Y
77_4’ . - - .
>
nt
" (186)
1go sin Oy (pp’b )
Zy
fr’l . 4. . .
>
nt
' (187)
igo cos Ow (pz )
Wi
77_’7 .-y - ]
>
nt
' (188)
— igo sin Oy (pz )
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77Z .- - ]
3
nt
— igo cos Oy (pff) (189)
T
771 - C
>
n-
— 40 Si -
igo sin Oy (pu ) (190)
Wit
v S
>
-
igo sin Oy (pz_) (191)
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77Z .- - ]
3
-
j sOw (pl (192)
ig2 cos Ow (p))
Zy
771 - C
>
n-
g 8 -
iga cos O (pu ) (193)
Wit
'rlq‘ . 4. .
n?
— 1go cos Oy (pZZ) (194)
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/]7— . 4. .
T]Z
igo cOs Oy (pZZ) (195)
9.11 Two Ghosts-One Scalar-Interaction
AO
/
/
/
/
/
'rlq‘ . 4. . .{
>
nt
1 2
igzvévw (196)
A(]
/
/
/
/
B /
-
>
-
1 2
— 192v§W+ (197)
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.777

4

évgz (2g192 cos 20y + ( g2+ g%) sin2@w)z,ﬁ (198)
HT
/
//
/r’l . 4. . .{
»
- igzv&m (91 cos Ow + g2 sin ®w) (199)
-
/
— //
n= -t
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