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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

_ - 1Q60
Dyy=(0,-1eQ " )y — € D,y

One needs a spin-1 field SR gle
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QUANTUR ELEGTRODYNARIG

£ = 7(iy*D,~m)y 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 7<”+

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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oLIAN ROTATIONS
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U=expli 6} ; = C Tr(T%) =0 ; a=1,-,N°-1

Commutation Relation:

Structure Constants real , antisymmetric

1
T. = =
N,

CA: ’ CF:
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U=exp{iT 6| = - Tr(T%) =0 ; a=1,-,3
Commutation Relation:

a = a .
Tr =-o0 Pauli
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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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a
59% = i 56, (Lj ¢ ;. 5Gi= giaﬂ((sea) _ 1359 G
.

S

o depends on
e Universal

e No Colour Charges

A. Pich Gauge Theories 12



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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~+(o“Gy-0"G4) (0,62-0,G5) + > 4, [iy*o,-m,] q,
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(No Colour Charges)
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GAUGE FIXING

A. Pich

1
e = 2 (8"’Gj) (0,GY)
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GAUGE FIXING

(&

Ler =

—ik-(x—

. ©dk
I 03p /(2”)4

A. Pich

k2 + e
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GAUGE FIXING

d*k

1
Ler = =5 (0"G2) (0.6G7)

7 / (
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e~ ik-(x=y) w1 ) kM kY
k2 + e £ k2 e

T = Jab PUTERR VS

uv Sar<b,s
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GAUGE FIXING

Ler =

—ik-(x—

" d*k e
I 0ap (2”)4

k% + i€

2

~ Jab ch Ep,* P
2 l“’ a,r ~c,r

~ Jab (ch) gup

uv po
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1
GAUGE FIXING L = % (0"G2) (0,GY)

’ g d4k efik(xfy) / . kM kv
; 5 o Nz ¢
HOab / (2m)* k2 +ie { g” +(1-9 k2+ie}

Probability problem:

T = Jab gh* gl

pv ar’bs

N

2 l“’ a,r ~c,r

2
ab cd wk _p Uk
~ = J () el e E €b.s €d.s

~ Jab (ch) gup gmr

uv po
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Im[T(qgq — qq)]
~ |T(qg— GG)>

Unphysical contribution from non-transverse gluon polarizations (c,.c’)

Gauge fixing;: 9,GY =0 k, J* #0
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Im[T(qgq — qq)]
~ |T(qg— GG)>

Unphysical contribution from non-transverse gluon polarizations (c,.c’)

Gauge fixing;: 9,GY =0 k, J* #0

GHOSTS: (Faddeev—Popov)

Lrp = ~0,, DV
D/L¢a = 8,u¢a_gsfabc¢bGéi

Wrong (Fermi) Statistics Probability < 0
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