
Renormalization of QED
-

(We work in Euclidean signature throughout . Suppress "E"

6= FM Fpu + 4(iBa+m)4 +HdA)+ Te
-

decouple
Fur = OpAr-OrAm ↓

DA4 = V Dy4 + U d,
+ i Ay)4 drop.

5 gange symmetry 8A
,

= -Upd , 64 = id4 ,
54= 4 tid

which is broken just by the gauge fixing term :

82 = (-N)d -A
.

Let usrescale the variables Ap-eAp.
m

2 = ENEnu + 4(-i0 +m)4 + 24* 4 + 4(d .A)"

6Ay = -- OpX ,
84 = 124

,
JF= Gin

=> d2 = -1 dd . A
.







Relationship

~ = m +~ +n ...

- I
=

- ( - Mn) = +(l - π(π +)
-1

= () - π(p)+ )p- = (P-π(x)

. :G(k) = )P
"

-π(p)

ie
. (8*P- π"(p) Gug(p) = G

- = - + + - + + - +...

=

- ( -D-)=m(l +2(P))
!

f)) + I(p)-m)(-4+m))" = (- P+m+ I(p))

: S(p) = )- P +m+ I(p)

ie
. S(p) = - 4 + M+ I(p)

.





Ward identities











Power counting in QED





The regularization must respect the gauge symmetry.

breaks NOT GOOD

To control the

divergence,
we

regularize thaci
e.

For example, a naive momentun

-e

=> 4)-i0 +m)4 m [7iQ +m) 4

the gauge symmetry and is
>

Examples of good regularizations :

· Pauli-Villars regularization
Introduce regulator fields and interaction

so that the original gange symmetry extends

to the regularized system.

(We'll use this later.)

· dimensional regularization



the Ward identities we derived remains to hold,
and have important constraints on divergences:







One-loop computation





H (P) = -Perfe - 8 (m2+ k . (k- ps) + kY(k -P) + kY(k- pyM

(k+M2)((k- P) + m 2)

I di
·

(him)(Ch-phim) =J KnChimes rech-pitms)
-

k-2xPk + xp2 + m2

= (k - xp) + x(1-x)P2+ m2
--
l *

· numerator = - j
*

(m2+ (1+up) . (l+ (x -14)

- (txp)" (l + (x- 1 P+ (l+xp)"(l + (x-kp)"

=- jM(m2-x)+P+ 2) +2 - 2x(1-0)pi

- l-linear terms

ele-

,
equality after Sale (provided convergent) .

=> - jM(m+

x)(typ
+ 4) + 2x)(- )(b

*

p2- pMpv)
-

↳

If the integral were convergent, Th"P) would be

- perfan s

- jM(b +2) +2x((-)(j
*pl pRpt)

,

(+ b)
2

but this is quadratically a logarithmically divergent .








