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1 Model

1.1 Gauge groups

Name Type Abelian  Coupling constant

UlY  U(1)  True 0= /5
SU2L  SU(2) False
SU3c  SU(3) False g3

1.2 Fermions

Name  Generations UlY x SU2L x SU3c

Q 3 (+1,2,3)
: ; 121
UR 3 (+2,1, 3)
dr 3 (-3, 1,3)
er 3 (—-1,1,1)

1.3 Scalars

Name  Complex Expression  Generations U1Y x SU2L x SU3c

H True T ([ +1i%) 1 (+3,2,1)
2 Lagrangian
2.1 Definitions
H;= ¢ H!
[ OVERY

2.2 Yukawa couplings

—Ly = + Yufhszi@fl,i,ausz,a + Ydfl,f2@f1,i,aHide27a + YeflvﬁzflviHieRf? +he.



2.3 Quartic couplings
~Lo = +\H{H;H] H,
2.4 Scalar mass couplings
~Lom = — pHlH,

3 Renormalization Group Equations

3.1 Convention

dX 1 1
X)=p—=—"—_p80(X)+ @(x
800 = ngs = V00 + s
3.2 Definitions and substitutions
0 0 O 0O 0 O 0 0 O
Y, =10 0 0 , Y;=(0 0 O , Y.=10 0 0
00 Yt 00 Yb 00 Yr
3.3 Gauge couplings
41
BY(g1) = 1—09:1)’
199 27 44 17 1 3
B%(g1) = + 500 + [0 + 9195 — g9 lwil* = 591 lwl” = S0 v I”
19
BY(gz) = —EQS

9 35 3 3 1
B (gs) = + 19919 + 50 + 120205 — 503 lye|* — S0 lys|” — 595 ly- |

BW(gs) = ~T7g3

11 9
BP(gs) = + 159195 + 59395 — 2693 — 203 yel” — 293 ||



3.4 Yukawa couplings

17

9
2091% 493% — 8g3u

9 3
5(1)(%) = + 5 Y |?Jt\2 + Ut |?JT|2 + S Y |?Jb|2 -

1 9 11 5 9
B (y,) = — 12y, || — il lys|* — U ly. |t — U s |yl + g s’ |y |* — s el .|

393 225 15
— 12Xy, [ye|* + 602y, + <0 9ty ye|” + eI lyel” + 3692y: [ui|” + < 9t v, |

15 , . 7 99 1187 9
+ =@y |yl =gy lwe|” + 1692% wsl” + 492y [w|” + —— gty — 209192%

8 80 600
19 23,
+ — i3y — T == gayr + 99595y — 10895y,

15

3 9 1 9
BV () = + b e * + U ol + v |y-|” — ngyb — Zggyb — 893y
11 9 9
B (y) = — L s |ys|” — —yb lye|* + yb el [y 1> — 1205 |yo|* — 1 ly-|* — 1 ol |y
91 99 237
— 122y, |yo|” + 602y, + @glyblytl + 1692yb|yt| + 4g3yy |y > + %0 gl e’
220 Gl 4+ 36630m sl Lyl + By — b — o
16 92Yb |Yb 93Yb |Yb 3 91Yv |Yr 3 9oYp |Yr 600‘qub 209192%
31 23
+ 159193% 0 “=g5ys + 99595y — 1083y,

5 9 9
B (y) = + 3y, [yal* + 3y- [w]” + Sur ly. | — L9t — J930r

27 3 27 27 27
(2) _ 2t 2 2 e 2 2 et 2 2 =t 4 et 4
B8 (y-) T Y| [y-| + 5y ly|™ |ye] T ysl™ |y 4y7|yt| 1Y s
17 45
— 3y, [ye|* = 12000 |y * + 602y, + ggfyf el + ggin lve)* + 2093y, |y
5, , 45 ) ) , 537 165
o T o T 20 T T|IT TIIT
+ g9y ys|” + g 2y [ys|” + 2093y~ |ys|” + 20 gty |y ° + 16 g2y, ly. |’
+13714 +2722 23,

3.5 Quartic couplings

9,
g2 + 12\ |yt| + 12\ ]yb\ + 4\ \yT\

9 27 9
BON) = 4 24X% — ggl)\ 9B+ ——gi + ==9195 + 3

20071 " 20
— 6]yl — 6]y — 2 y-|*



108 1887 117 73 3411
@\ = —312)% + 2N £ 1080202 + —— g A+ — 22N — —gix — —— b
BE(N) 5 A + 5000 50 9192 g 922~ 50091
1677 289 305 17
200 gigs — =0 GG + T g8 — 14402 [y |? — 14402 |? — 482 |y, P + —gl)\ e |?
5 15 45 45 15
+ 91)‘|yb| ‘|‘_91/\|yr| +_92)‘|yt| +_92)‘|yb| +_92)‘|y7'| +809 )\|yt|
17 9 63 27
+ 8093\ |y — 10091 v + 30 4|yb! —;lgl ly. | + 109192 lye|* + 109192 )
33
+ 109192 ly. | — 192 > lyel” — 192 lys|” — ;193‘ v = 3 [yel " — 42X 9| [we)® — 3\ w|*

4 12
— My = 59? lye|* + =9 lys|* — = v | — 3203 lyel* — 3262 |ys|* + 30 |w|°

— 6|t |yel® — 61w |we* + 30w |® + 10 |y, |°

3.6 Scalar mass couplings

9 9
B () = = goim = g3m+ 122+ 6pulyel* + 6pa o * + 21 [y
1671 9 145 , 72 17
B () = + g 9im + gOi0an — g 0en+ S g+ T203M — 60N+ =gl il

5 15 45 45 15

+0in lys|* + 9 ly. | + e lye|* + - 9 lys|” + 9 ly-* -+ 40931 |y |?

27

+ 4093 |yo|” — T2 |yel” — T2 |ye|® — 24Ap |y- | — Sl el — 2140 ) e
97

- lys|* — —u\yTI

3.7 Vacuum-expectation values

Definitions:

H2 — (HQ + U)

1
V2

Sl

RGEs:

9 9
5(1)( ) = +_911}+ 5917}‘*‘ 92”"’ 592U_3U|yt| _3U|yb| _U|yr|

20 1
1293 27 9 9 271
(2) I J e 99 2929 | 4ll 4
B (U) 800 200591 (i 2005 809192 v+ 2059192“ + 20 =& gig5v + 32 gav

T 5 9 15

+ —ngv -5 20 y)* — —ngv el — —gfv lys|” — —ngv lys|* — ggfv ly- |

45 45 15
— —591 vy, - < 95 vlyel” - —592 vyl — < 95 v lys|* — éggv s> — < 95 .|



3 97 3 97
— S&gv ly-)* — 20930 |y:|* — 20g3v [y|* + T lye|* — S lyol” |ye|* + T |yl

9
+ 7Y ly-|* — 6220
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