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5al

= Field Theory

QL=

= Classical Electrodynamics
= Quantum Electrodynamics (QED)
SU(N) Gauge Theory

Quantum Chromodynamics (QCD)

The Standard Model A. Pich - CERN Summer Lectures 2005



OUARTOR B=GAANIGS WAYE =QUATION

Schrdédinger equation

Klein-Gordon equation

: . gy O
p,uzla#:lglua7 E2:p2+m2 (D+m2)¢zo

(iy“0,-m)y =0 Dirac equation

(O+m?) y . v} =29"

spin matrices (D =4)

—(iy"0,+m) [(iy“0,—m) ] =0
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LAGRANGIA FORMALIM

J J
_ (g _ 0L _u[ 9L ) _
S _jd X L(¢,0,0) 6S=0 == > o (a(a%)] 0
Eqg. Motion
Klein-Gordon: (spin 0)

L= 0"0,p-m¢ ¢ = (O0+m?)¢=0

Dirac: (spin %) v=y'y°
L=y (iy*0,-my m—) (iy“0,-my =0
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CLADOICAL ELECTRODYMAMICS

_ V-E=p V.-B=0
Maxwell's Equations: ) )
VxB-25-37 ; vxE+82 -5
ot t
Potentials: E = -VV —2—A ; B =VxA
t
Covariant Notation: A= (V, A) . = (p,J)
0o -E, -E, -E,
E 0 -B B
FA= 04N - 0" = | R = “=Jv
E, B, 0 -B, 0,F J
E, B, B, 0
Gauge Invariance: AY =y A'H = AF 4 OFA

Same Physics described by many different A¥
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8ﬂ|:ﬂv = oA - (9‘/(8#Aﬂ) = JV
CONSERVED ELECTROMAGNETIC CURRENT:
uv H _
8ﬂ o, F" =0 ﬁﬂ J7 =0
Lorentz Gauge (9,A*=0) and J“=0 OAY = 0
equation with MASSLESS PHOTON
Residual Invariance: A* A + ;

TWO PHOTON POLARIZATIONS
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FREE Dirac fermion: L=y (iy"0,-m)y
Phase Invariance: y — y'=€e%%y ; ¥ > g ="y

Absolute phases are not observable in Quantum Mechanics

0 = 0(x)
Phase Invariance should hold LOCALLY

BUT o,v — €97 (0,+1Q0,0) y
SOLUTION: Covariant Derivative

D,y =(0,-ieQ " )y — €% D,y
One needs a spin-1 field SR gle
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QUANTUR ELEGTRODYNARIG

£ = 7(i7"D,-my S’
= w(iy“o,-m)y + (Za2 V AoV

Kinetic term:

Ly = —% F. F* 0, F"" = (w7 w) Maxwell

Mass term: [exp:  m, <210 eV]

Not Gauge Invariant

Gauge Symmetry QOED Dynamics
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Successful Theory

e : S

a, = (115965 218.59+0.38) x 10 ot =137.03599911 + 0.000 000 46

[Exp: (116592 080+ 60) x10™]
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QUANTUN  GrROMODYNANIGS

FREE QUARKS: N, =3 .
q=|(¢
4

O
®)

SU(3) Colour Symmetry:
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U=expli 6} ; = C Tr(T%) =0 ; a=1,-,N°-1

Commutation Relation:

Structure Constants real , antisymmetric

TI(MET) =Te 6, & Tr(TATR)

1
T.== ; C,= . Cp =
F =5 A =

I
O
>

g_%
zZ —

uF:

L.
~—~—
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U=exp{iT 6| = - Tr(T%) =0 ; a=1,-,3
Commutation Relation:

Pauli

SRR N R A
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QUANTUM CHROMODYNAMICS

FREE QUARKS: N =3
q=|(
q q \d,
SU(3) Colour Symmetry: ¢ —> UQ = exp{i } g
Gauge Principle: Local Symmetry 0, = 0,(X)
Dq = (1, 0% - i )g — U Dqg
D# - U D* U ; u. . u (6#U) UT
=~ (14 8 Gluon Fields
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The Standard Model

j o . SGE= 1 5“(56,) - FHC 54, G
af 9

S

depends on
Universal

No Colour Charges
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a
G =26y i G = 0GI- 0'GL+ EEEL

Ly =-3Tr(G"G,,) = -4 G4 G},

Not Gauge Invariant

Massless Gluons
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G’ , G*
(No Colour Charges)
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