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= Spontaneous Symmetry Breaking

= Scalar Potential
= Ground State Symmetry

* Higgs Mechanism
= The Higgs Boson
= Fermion Masses
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SCALAR L(9) = aﬂ¢T 0“¢ — V(9)
POTENCIAL V(@) = /2 ¢'¢ + h (4'9)?

Phase Symmetry: d(x) = €' (x)

Trivial Minimum  (Ground State / Vacuum): ¢ = ¢gy=0
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V(g) = 1" ¢'¢ + h (8" ¢)°

Phase Symmetry: ' V(9)
:
i :
#(x) — €' g(x) o
------- Lt
:
:
77T
\“~__I___—’/
| -/ (02
Degenerate Minima 2
— U V 1 4
= = =— >0 Vv e |
(Ground State /Vacuum) |¢0| 2h V2 g %o) '
. _ 1 P (X)/V
Spontaneous Symmetry Breaking: O = ﬁ[v+¢l(x)] e

Vacuum Choice
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1@, (X)/V I ®,

_ 1
¢ = \/E[VJr(Dl(X)] €

2
1 1
L(P) = 50,0070 + 5(1+ qf}j 0,0, 0"p, =V (¢)

V(¢)—V(¢o)+ M ¢1+hV¢1+ h of

1 Massless
Goldstone Boson
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ELECTROWE

EAK 598

_[¢7(x) 1

L(g) = (D, 9)' D¢~ 1" ¢'¢ — h (4'¢)’
D¢ = 0%+ igW*+ig'y, B¥ ; w = Ei#

g =|0"+ i g'y, B*|¢ 2

SU(2), ® U(1)y Symmetry
Degenerate Vacuum States:
(<0, h>0)
o el L[ 0
Spontaneous Symmetry Breaking: @(X) = eXIO{ ; 0 (x )} 72 [ j
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000 = e i
2
SU(2), Invariance

Unitary Gauge:

1

HES

A(x) = 0

(D,¢)' D¢ —> EaﬂHa“HJr

M, cos@, = M,

The Standard Model

1
= =V
2

6(x) Unphysical

9
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Bosonic Degress of Freedom

Massless

3 X 2 polarizations = 6

+

3 Goldstones

SSB 1

Massive

3 X 3 polarizations = 9
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1

M, cosq, = My = Evg
MZ
M, =91.1875 GeV ~ M,, =80.399 GeV sin“Q,, = 1—M—Vg = 0.223
Z
y
P
,U__>—‘/7
-
2 A5
Lo &M W ’<
7, 192 7° -
Ve
Ge = 1.16637 x 10 GeV™ sin2q, = 0.215
- -1/2
sin g, v=(V2G) =246 Gev

The Standard Model A. Pich - TAE 2010



1 Scalar Particle H° to be Discovered

Free Parameter

= (95% CL)
(Direct) (Indirect)
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Z
W

2 M2 2 My
v H v H
H W+ H

2 _ M2
Mz H W N H

v? v

v= (426G )" = 246 Gev
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FERMION MASSES

Scalar — Fermion Couplings allowed by Gauge Symmetry

(+) (0)f (+)
Ly = (G, T {c“) (¢ j(qm + ¢ [ ";mfj (qu)R} + (7.1, [Z@] Ik + hc

] sSsB
-
\
Fermion Masses are [m T m.] — [e®, @, ] v
New Free Parameters oo 2
M; f
v . . _ My
H Couplings Fixed: Ouer =7
f
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Quarks

Leptons

¢ G

N 77

down

s

electron

neutrino e

Y
{4
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-
muon

neutrino p

T4

begu’ry

neutrino <t
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Just Another Story

Phil Collins

Dance Into The Light, track 4

genre

385.07465
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