2, dymmetry Breaking

(v, Spontaneous Symmetry Breaking

X</ Scalar Potential
Ground State Symmetry
> N Mechanism

The Boson

Fermion Masses

Fermion Mixings
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L(p) = 0,4' "4 ~ V($)
V(g) = 1 ¢'¢+ 1 (4'4)

Phase Symmetry: d(x) = e ¢(x)

Trivial Minimum ¢ = ¢0 =0
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V(g) =1 ¢'¢ + 1 (97 9)

p(x) — e’ $(x)

Degenerate Minima

Vacuum Choice
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2 \Y%

2
1 1
L(p) = Eaﬂ% "o + _(IJFﬁj 0,0, 0", = V()

| |
V(@) = V(d)+— My, i +hv ol +—hof

1 Massless
Goldstone Boson
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r3) (e
\

L/ 1

L(#) = (D,4)' DFp — 1° ¢'¢
D¢ = 9%+ igWH+ig v, B" |g

SU(2), ® U()y Symmetry

Degenerate Vacuum States:

Spontaneous Symmetry Breaking: ¢(x) = exp {l’%é(ﬂ}
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1

#x) = GXp{i;é(x)} $[

SU(2), Invariance 6(x) Unphysical

Unitary Gauge: O(x) = 0

1

(D,¢)' D"y — EaﬂHaﬂH+

]
M, cos@, = M, = Evg
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Massless

3 X 2 polarizations

+

3 Goldstones

Massive

3 x 3 polarizations
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M, cos0, = My

M, =91.1875 GeV ~ M,, =80.399 GeV

2 s
EF:GFm”

]
7, 192 7°

-5 2
Gp = 1.16637 x 10~ GeV sin’6, = 0.215

. -1/2
sin 6, v=(V2G:) =246 Gev
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1 1

2
—0 HO*H — — M, H> - My

My

H’ — H*

2 A 2 2v 8v°

2
{1+2H + H—z}

\" \%

1 Scalar Particle H° to be Discovered

Free Parameter

(Direct) (Indirect)
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v=(2G) =246 GeV
(V2 Gy
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Scalar — Fermion Couplings allowed by Gauge Symmetry

+) (0 B
Ly = (4,941 {C(d) LZ(o)] (g)r + " (_q;(Jr)Tj (%)R} + (v,0), (

SSB

-

Fermion Masses are

New Free Parameters

f
Mg
v

Couplings Fixed:

f
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N, =3 Identical Copies Masses are the only difference

Arbitrary Non-Diagonal Complex Mass Matrices
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— Hd'Ud — SZJ'Md'Sd'Ud
_ _Qt
- Hz'Uz - Sz‘Mz‘Sl'Uz

v

L, = - (1+ﬁ) (- M,-d+T-M,u+T-M,-1}

M, , m,)

M, = diag(m, ,m.,m;) ; M,= diag(m, ,mg,m) ; M,= diag(m,,

d, =S, d, ; u, =S,u, ; I, =S, Mass Elgienstates
de =8, Uy-dy 5 ug=8,-U, v ; l=8,.-U I Weak Eigenstates

=S, - SZ,
QUARK MIXING
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e

" 2sin 6, cos 0,
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PTON MIXING

W) Zv y* (1-y5) V" I. + hec.
1

— v, v" (1 - [ + h.c
N ZZ‘,M( 7s)

(Minimal SM without vy)

(L,+ L,+ L, Conserved)

Br(u—ey) <12x10" ; Br(r > uy) < 44x10°

The Standard Model

(90% CL)
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N, x N N; parameters

|

“Ne(No-1) Moduli %(NG _ 1) (N,- 2) phases
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Leptons Bosons

electron neutrino e

= \\
R
94,. .‘
—ate OO
beau’ry Tau heutrino T
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