
· recall that the regulator from ASK has to be

Quadratic in the field

-> will be a problem for theories with

non-linear symmetries (non-Abelian, gravity)

Regulator
led us collect the necessary properties of RK :

· lim Pulp2) > 0 - IR regularisation
P42=0

· lim Rulph) =0in=
k->0

· lim Pulp) = 0 <in
n-30



the general shape is largely arbitrary - some popular choices :
/Heaviside the ta :

#him regulator : Ru(ph) = (k2-p2)0(1-PY2) &(x=91 , x00
,
X0

A
most popular because allows analytical evaluation

of loop integrals in easy approximations

check ↓f causes significant problems for extended

procblies approximations because it is a distribution

above !Y
Exponential regulator : Hulph)=-

Smooth => avoids above problems but in many

cases , only urmerical evaluation of loop integrals

possible



-> do results depend on the choice of regulator ?

es
,
but :

· measurable quantities are independent
-

(if no approximations hava been made

-> this e. g. includes theexistence of fixed points

and the critical exponents, but not fixed point
values of couplings

knows 2012 . 06499

· in approximations : residual regulator dependence
-> measure for how good the

approximation is



FRGworkflow :

· pick physics to investigate : field content + symmetries

· wile down approximation for PK

· choose regulator

·

compute RHS of Wetherish equation to get

B fructions

· analyse & functious /including Wich rotchtn

· extract P and do physics with it

10 repeat with better approximation)



Symmetries
· symmetries play cental role in QFT

e .g. garge symmeting of SM
: SU13) XSUCZIXUC1)

[-> diffeomorphism symmetry
garage synrchy

= schally redundancies
"B-1" baryon minus lephon number is

in description T conserved in any
SM process

"global" symmetry ,
or actually physical symchy

·in the following , we assume the absence of anomalies
-

dur : gange anomalies
-> Tong's lectre holes on SM

·anomaly = a symmetry of the classical theory



breaks upon quantitation

-> path integral measure breaks symely

· this isl for garge symmetries - with a

garge anomaly , we cannot remove the ghostly
states that are pure garge

=> garge anomaly = theory is dead

· example : QED with a single Weyl fermion has

a garge anomaly

offending tem : muchxF
longitudinalmodea



=> we can discard a large set of theories

just like that (the SM is anomaly-free)

->We need to check what happens with symacies in the FRA

upshot : interplay between regularization and symmetry

similar in perturbation theory :

· dimensional regularisation preserves garge
manka : Syouchy (that's why we like it
physics cannot

· UV arloff breaks garge symachg ,
but this

depend on

des not mean you cannot use it
unphysical
stuff

-> it is just a bitwere complicated



plan : first discuss what happens from S-> P
,
then fall aboutPh

-> starting point : symmetry with infinitesimal generator G
this means G is liner in o

e.g. Sucu)
:

G = -Gabs
=> if GZ = 0

,
the Mar

theory possesses the Synchy ES-gga
*

A
+ T

SUCN) coupling stiuchre

constants

↳ what happens to M ?



let us compute GZ[J] = 0 , assuming that the measure

is invariant
, GDP= 0 :

- S[a] + J&
0 = JoPGe

& achs l nearly
Y
= J0[-GS(83 + J . G0} eS19]

+]d

divide by z2J] :

0 =- < GS > + <J . Ga>

evaluate this at J = Jsup=



0 = - <GS) + < Jsp
: 207

=- [Gs) +<"[] . Go

↑
independent of
=> can be pulled out

of < ...>

=- (GS) + p((].
= (d) =G
-
= GPL]

=> 0 = - GS + EM



G if the measure and the microscopic actions are

invariant under a symmetry ,
then so isN ! I

of course , things are more complicated :

complication # :

gauge symmetry -> needs garge-fixing
procedure we will bath

now assume GS=0 about this soon

a similar derivation shows the Ward identity

W = GP - < G(Sgf +Sep) > = 0
↑ T

garge fixing action Faddeer-Popor

ghost action



Sun fact : this forbids a mass he for the gloon

m2AAim fora

m+k
Y

complication #2
: Symmetry breaking by regulator

· best case scenario : regulator preserves symchy
-> can be achieved e.g . for OCN),

chinal symmeting

· impossible for non-linear symmchies
-> includes non-Abeliantgravity

why ? regulator tem B must be quadratic in field

=> non-liner symmetry does not



preserve this this is BAD
↓

me
,
it's bad

=>thee garge-invariant regulator

G modified Ward identity :

Wm = G(Pu+1Sn)(E] - <G(SgetSp+ASu((a) =0

:· Ko : Wat W

· one can show that KOWh < We

=> RG flow preserves Wi but truncations
break it

fun Get part 2 : at k30
,
we need a gloon moss msg



this is because the regulator does its job
and providesh-dependent masses

morale : don't break symmetries(if you can
-

for diffeomorphism inveviance
,
wa need to garge-fix,

but there is more why can't it ever be simple ?

-> here be dragons



Regularisation in gravity
· recall : ASK is quadratic in field

·dry to construct a regulator in gravity :

ASu*Sdxv gau Rul_ IMS for

problems : · def o contains &>quadratic

butit needed for coordinate inveince

· argument of regulator should be

~ 1 = - gM DpDu



T ↑
not lineer Dg =0 !

· indices of regulator need to be

contracted - with what ?

in lack of a better way
to do this - there is a high price to pay

↓ ↓

"solution" : background field method I first lecture !

gr=Muthor

-> path integral over h

-> keepIf general -> background independence

->We can write a regulator for h !



↳ AS=Say her mis has
constructed fromi alone , no

h

the price : differmorphism symmetry is broken (badly)

why ? ASe is not a functional ofth =g

without regulator ,but with g
=gth : two implementations of diff:

quantum diff : j + y ,
h -> 4 + 2(j+h)

-> all of the transformation is carried

bgh



background diff
: gg+g ,

h-h +Th

-> each field keeps "its"transformation

actually we

evenhave< new Symmetry
:

"split syis

with regulator (same for garge-fixing but less bad) :

-> background diff is kept

-> quankm diff is broken

J
BIG

headache,
-> split squarely is when problem or

future - you


