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CHARGED CURRENTS
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Quark / Lepton Universality

Left — Handed Interaction
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PROSLEN BT BIADS SGALED

o =%m§ B#B,, + % ms, W W,i, Not Gauge Invariant
Good
Gauge Symmetry Bad|
M,, = 80.40 GeV
M, = 91.19 GeV
Moreover Lo, =-m¢ Ff=-m (f fot+ o f)
vV f

Also Forbidden by Gauge Symmetry
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Massless

3 X 2 polarizations = 6

Massive

3 X 3 polarizations = 9

3 d.o.f.
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SCALAR
POTENCIAL

Phase Symmetry:

EW SSB

L(p) = 0,9' 0“9 ~ V(¥)
V(g) = 1 ¢'¢+ 1 (47¢)°
#(x) — " $(x)
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V(g) = 1" ¢'¢ + h (8" ¢)°

Phase Symmetry: ' V(9)
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— U V 1 4
= |-F—=—>0 V(gy) = —=h
(Ground State / Vacuum) |¢0| on 2 (%0) v
Spontaneous Symmetry Breaking: ¢ = i[v+¢l(x)] g! P2(X)/V

Vacuum Choice
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L(#) = (D,9)' D¢ — 1" ¢'¢ (¢'9)°
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SU(2), ® U(1)y Symmetry

Degenerate Vacuum States:
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B(x) = eXp{ig.g(x)} %( 0 j

SU(2), Invariance 6(x) can be gauged away
Unitary Gauge: A(x) =0
(D,#) D*¢p —> Lo HotH + WIWH St 7 z#
H 2 H H 2COSZQN H
1

M, cosf, = My = Evg
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M, cosq, = My = Evg
MZ
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FERMION MASSES

Scalar — Fermion Couplings allowed by Gauge Symmetry
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Just Another Story

Phil Collins

Dance Into The Light, track 4

genre

385.07465


1 Scalar Particle H° to be Discovered

Free Parameter

LEP: (95% CL)

(Direct) (Indirect)
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FREE Dirac fermion: L=y (iy"0,-m)y
Phase Invariance: v — v = elQ? v o, W oY = g™ W

Absolute phases are not observable in Quantum Mechanics
0 = 6(x)
Phase Invariance should hold LOCALLY
BUT o,v — €99 (8,+1Q0,0) y
SOLUTION: Covariant Derivative
D,y =(8,+ieQA,)y — €

One needs a spin-1field A, satistying A, - A, --0,0
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MUANTU ELECTRODYNAMICS

L = 77D, -m)y S’
=y (iy“o,-my -eQA, (vriy) AN
Kinetic term: F* =9*AY — 0" A¥
Ly = —% Fu F* 0,F*"" =¢c0 (wy'w) Maxwell
Mass term: [exp: m, <1.10™ eV]
Ly = % m> A“A, Not Gauge Invariant

Gauge Symmetry QOED Dynamics

EW SSB A. Pich, HCPSS 2011



Successful Theory

e 7<:‘

M = Q, 2—m|
1
a = — —2
I 2 (g| )
8 = (1159 652180.73+0.28) x10™ o = 137.035999 084 + 0.000 000 051
a, = (11659184 £5)x107" [Exp: (11659 208.9+6.3)x10™]
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QUANTUM  CRROMODYNAMIGS a-(

FREE QUARKS: L=0q[iy“0,—m]q
SU(3) Colour Symmetry: q—->Ug :;: g->qu’
Uu'=uU'u=1 ; detUu=1 ; U= exp{iL;ea}
Gauge Principle: Local Symmetry 0, = 6,(x)
Dfq = (1, 0" + | )g — U D'
D - U D# U' ; UG“ U (6*U) U'

~ (%) 8 Gluon Fields
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e 0G) depends on Gf
e Universal (@,

e Same colour charge for all guarks

EW SSB A. Pich, HCPSS 2011



G* = - [D*,D'] = "G¥ —3"G* + i g, [G*,G'] — UG* U’
Os

a
G = %Ggw . GY = 04G! - 0"GE — G/ G

1 v 1 ~uv
£K Z—ETI‘(G” Guv) :_ZGgl GZV

Ly, =%m(23 G4 G2

Not Gauge Invariant

Massless Gluons
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