
Yang-Mills theory

gauge group

I

(in & spacetime dimensions
... Specified by G : a compact Lie group

e
.s. ((N) = &NxN unitary matrix unitary group

SU(N) =[NxN unitary , det=1) special unitary group

e
. g . d= 4 , G =Wll) : Maxwell theory.

" infinitesimal version
o = Lie (6) the Lie algebra of G of G

"

e.g. 6 = UIN) : o = &NXN antihermitian matrix

G = WI) : % = iR=RR

6 = SUIN) : Y = [NXN antihermitian
,
traceless Y

field variable Amirs : a rector potential with values in

(or A= Aphid : One form- S

fieldstrength Fu = &Ar-OAp+CAp ,
An

Cor Fa = dA + [ (A , A) = dA
+ A2)

the case of matrix hie algebra

e
. g . da4

,
G=W4) : Foi =doAi-dito electric field

Fij = DiAj-0; Ai magnetic field





gauge transformation

gauge transformation group

physically equivalent

physically identify



gauge theory

quantize gauge theories

4

A theory with such an identification of field variables

is called a ·

We would like to find a way

to 7

Infinitesimal gauge
transformations

A -valued function Els generates a one parameter group

of gange transformations : 9(n)=etfly

Ap Apt = g A, g +9509.

The infinitesind transformation is

de An = a An (z
=

= - -Ap + Apt + GE

= dE+ (Ap . E) = : DnE covariant derivative
.

The space of such Elas may be regarded as the

Lie algebra of the garage transformation group,

Secus/of-valued function 7 = Lie (8).



Coupling to matter fields





Quantization of gauge theory











gauge fixing function

gauge fixing condition

Faddeev-Popov determinant





Faddeev-Popov ghost



gauge fixed action



BRST symmetry



BRST closed

BRST exact



BRST cohomology





Lorentz gauge




