
8.3
. Application : Quantization of the Electromagnetic Treed
-

Goal: Apply TI formalism to derive the photon propagator -i8-

U2 tie

i. Action SEAT = fd4x(- I,#Y ]
Partial integration ( assume A o ) ,

use Feu - de Au - duty

⇒ If d4x An ( 02GW - dado) Aux,

Fourier transform

= If Auch f - light una) Iota)
-

tf n

m

2. Set Iuds ) - Um . x ) → I - O → SCAT - o → f DA e° = A 4g Proven

3
. Trolley Gauge invariance Am → Am the Omx

Integration over continuity of gauge - equivalent configurations Anne O ⇐ An X dux
leads to divergence !



4.50¥: Count each physical configuration once (① Faddeeu E- Popov)

a) Gauge fixing : GCA) 0 ( e.g .
Lorenz gauge : GCA) - OMAN )

b) Let Afi := Am the dad ,
then

1- for SIGHT) detloff)
⑧

Note 8.1 uxu Jacobi matrix
- 819in ) - 8$21 .

. . .

- d
u )

E

r -- ⇐ fdgi ) ! I = [ifdai] Mcgee 'D detloff,)I a
gag ) Jacobian

#

e) Assume that is independent of A and x ( true for the Lorenz gauge)

This cannot be satisfied fan non- abelian
- gauge theories → Ghost fields



d) f DA eis = detff.AT/fDafDAeis*ocGCAa) )
substitute I - At - At Fox → DI = DA

Use gauge invariance : SCAT = SEE]

= detloff) f Da foie
"
score) ) (sea,

--

= & only physically distinct configurations

e) Choose GCA ) = Ohm - oh → det (FT ) = def (¥02)

(8. o ) = det ( for )( f.Da) FDA eis Scotty - was ) ( g. a)



f) True for any w → True fornormalization :

arbitrary constant

⑧at = ins , f@• e-
i Sd"# { det# or) (fox) FDA eis @ Coman - we , }

- -
Normalization Linear combination

= Nce
. ) det 2) (f Da) FDA e

's
exp f- ifd4x%# ]
-

New term ( breast gauge symmetry)

g) ¢ Off) gauvin operator : O (Ix ) = off)

aro⇒m÷:⇒Ti¥EE÷ii



5
. Neeaction :

SEAS -- faux f- I# '- z@mask]
Partial integration E- Fourier train farm

O

= 11k¥, . In C- ligate- area -TAI@,
New !

→ Argument of Step 2 no longer applies !

6.Propagator

DTI Cx -Y) = @ ITAmen to In>

→ @ I Ind ) I
-

⑨ b) = 0 for QF - of



Therefore

I g) = @LIM@ I'C- at )

Use Feet) - Fgc , )* since A
"
is real

Add tie for regularization fo flee action MM°(6 ) (symmetric)

SDA Imai#C- a) exp{If Inuit]Ioeu , }
-

fDAexp{If Iaaf-warmth - f) umuu ]Io -41 }

PI meanre : DA -µ!I
,

dieting )d4mIm6 ))
14020

Diagonalize UM, complete the square , and evaluate Gaussian integrals

(⑦ P- Set 12 )

= i (m- yay ) )

Tina" oqqi-giziefgm-r-sit.IT#



7.Craugesi
~

* set 9--0 : PII@ = gj÷ (gnu- fagot ] (Landau gauge )

* Set 9=1 : qq.gg/=-gizf+CTe-cuuaugaT
This form is Lorentz invariant !

⑧

Notes

• Correlations of gauge invariant operators are independent of § .

• For {→ N we have Uno (6) = - 42gmo t kMU°

Since ( -urgent UMW ) Uo = 0 , the iuuerie M
- 141 does not exist !


