
Renormalization group

To describe the same physics,

how are they related?

(

Choices of renormalization conditions :

"On shell"
,
"intermediate" ,

"Another (M)", . --

Al these originate from the same classical Lagrangian

-> same physics.

But we need a dictionary :

renormalization condition I - Pe
,
12 . . .

renormalization condition # - PE
,
Xe

.

...

I relation ?

e.g . in 4dp" theory

"another R
.

C
.

"

parametrized by a mass scaleMeformalization point
↑ ( P , 1)(p= m) = M+ m2

S P(-p ,p)(=m = 1

↑ (PrPucts ,44))pip
=[Mit

at M : D ,
m

,
x

at M : b .

mixt



Answer:  so that the bare fields/couplings are the same.

the renormalization group (RG) transformation

the RG equation



( RG flow )











effective coupling constant

anomalous dimension
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At Hloop ,
=
144)2

=

& (0)
↑ (t) =

I-10

-↑(0)O

-L
O s

The coupling is weaker at lower energies

or stronger at higher energies.





infra-red free theory

asymptotically free theory

finite theory

II

various possibilities

* O in the IR limit

B(x)

We've just seen
We'll see next- e.g. 4d P4 theory , RED

O X &CDp with large # of flavors

next semester

1 + O in the UV limit

- eg. 4d Yang-Mills theory
& (Dp with small # of flavors

next Semester

X does not run !

I B(x)= 0

es . 4d N=P Supersymmetric Yung-Mills
next semester



non-trivial fixed point of RG flow

scale invariant theory





An application:   RG improvement of 
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But then
,
what is the real conclusion ?

En symmetry is spontaneously broken or not ?

-> We can answer to this using RG
!

RGE on P(P ,
X : M) =>

(M + P(x) -V(x)P) We(p,
x =M) = 0

If [Cty , (t) solve A = P(x), UP,

RGE E USH(Pts ,
[It) ; etu) is t-independent.

By dimensional analysis. We(P ,
x : n) = pu(P. x) .

At Hoop , B = , 8=0
,

u(x) = + () (log((() + C)
.

X-> (t) =

x/
(t) = ↑ for (01,Pos)= (x , b)

.

1 - 37

Let to beo 1
.

ie
. t=



RG improvement of perturbation theory !



IS

Where is the minimum ?

0 = Vet =43/(lx0 + C) + 0((P)]
+ PP( +0(x()) +

= ]

positive FX(P) = 0

P = O is the unique vacuum for X(d)(1.

No sign of spontaneous &2 symmetry breaking.

UpH(P)

↓
> P


