
Abelian Gange Theory
An importat aspect of the SM is the notion of

gange synnetry. Classically , theDirac eg. has

the gange synnatry
f(x -> 2

*
4(x

for
my constant

1
.
This transformation leaves all

observable physics unchanged , and "EU(1) is

on Abelian group.
This transformation is called a

gange symmetry. Specifically , the Lagrange density
is invariat under a global UIA) synactry ,

e = U(1)
.

Let us check that2 = E*4-mFH
is invariant

.

4 -> edi

F = 2+0 +> (ei 4)+80 = e-n

so
, 14 -> (e-")(eide) = #2

#54 + (e-"Ce)(e" 4)

- Fe 4 = H

L
d = constat

=> I is invariat





With
2 = EFUE4 -IEge4-miT,

We have

-

yuI = -24 (ii) + 2)-225)E

= => j =Tyn2

& conserved UIA) curred
Current is consored

, 26 " = 0

Check

2n > = Cynt + TV 4
= 4 +74

Dircc eg. (2x-m)4
=0 and F(iE +m) = 0

=> Q b
"
= in #4 + (in)74

= O ele

The corresponding charge Q : (d> For

is consumed
, do























Interacting Spice Field theory

Going back to our spie field theory which is

invariat under local UIA) gange transformations

I = = **27 + hic.
-math

= 2284 +h ·c. -m2T4-gA

with consored curred JV = Fy4 .

If Am is dynamical , we should add

gange invarian kindic term .

Consider Fru =GrAr-DrAr , which is

gange divariat, with hidic Lagrage desity

& = -Fufm
This is locally UI) Invariat, Poincare invariat,
and is a appropriate kindic turn for An

2 = -b(PAr-GrAn) (DrA" - 2 At

= - 2 A,An + b(2-An

kindic tur other for?



















We have now garge-fixed the action. Nate that

Are is alsoindepended of 2(x
.
So
,
we

can citegrate our e with
my weight function,

effectives awaging over this function. Let us

choose to
aurage Wax with a Gaussia weight

= N(JDwe
&*

(SNG) af(+24

x(WA6(2A
- w)e

=S (A)

iSA) - if a x + (OnAt
= N(((DC) det (4) /DA e ↑
= N : A-adepended

1

additiona piece
O constan in the adian

/Ne[dx(2(A)
- 23(2-A4)Y
1

( ↳ is an cubitrary constant
gan we

The not efted of gage fixing is an additional ter

in the lagrage desity

2(a) -> 2A) = 2(a) -+ (2AM
-

















Beyond GED

Quarter electrodynamics (QED) is ow first example

of a quarter gange field theory . It is a

Abelia gange theory , with An being an elemen

of 11) ~M . Notice that we cannot add

a polynomial portatial VIEH) if we desire a

renormalizable theory .

Quatizing with it idetified asa and et field

with q
= eco

. QED
,
"the thery of photors

and electrons , is the most accude theory to date .

the couping -g* gives the carred gromagnetic
ratio for the electron . QED gives the usual

Maxwell egus ., & predicts that the photor
is massless. This all comes from imposing
local gange invariance .





For this to be true
,
need M Hermitin. But

,

I is Hermitian E FML is Munition

Check :

(FM4) = (2 +y · M4)
+

= #
+
M
+

go
+4

=i
+
2 M

+ 4

= F M +4 => M
+
=M

Kinetic terrs are mattered since UTV = 1

E Can divinate mess mixity terms as physical

so,

2 = bi T Ef + hic .

- E meet -Perf

Notice the even though I is diagno in flavor ,
therewre still possible "flavor transitions" , e.y.,

e e+ -> y
*

-mi
t




