















































































































EFT GR QG
JenDonoghueGame plan Zakopane2024

1 Effective Field Theory pedagogic
beyondeffectiveLagrangiansEFT as a dynamical QFT

2 General Relativity as an EFT rigorous
GR as a QFT calculations
7 lessons of EFTlimitations unknowns

3 Quadratic Gravity speculative

renormalizeable QFT for gravity
emergentcausality











































































































Some resources

1 Dynamicsof the standard Model
is now free downloadt

7

2 EPFL lectures

3 rEs perturbativequantumgravityothers

4 Webpage with more resources


















































































































Today Effective Field Theory
I will assume thateveryone knows EFT 1 0

one can add effectiveLagrangiansto represent heavyphysics
local nonrenormalizable

ex Hw G It T

Messagehere EFT is real QFT

loops
renormalizing the nonrenormalizablenature of quantum predictions

Subsections
1 Linear nonlinearsigma model

explicit construction of EFT
calculations

why results are reliable

2 Background field method briefly
if time


















































































































Linear Sigma Model 5,9 93
L Idr or 27 IF 1,2101 7 15 772

Symmetry Σ 5 it 02 4 Tr Eet

WE
SSB 5T

A T Ntt

L I at d't mio I dnt dnt
AN F 82 8 52 822

B Σ a it I_ Nts e IN S U

F St 0 5

L das d's mi s Nts ñIdnUdU

ANS 54
renorm

Symmetry visible U Vt UVR

Haag's theorem names don'tmatter on shell


















































































































Check same scatteringamplitudes

A
to

I
ag

if.fi t.EEEt

B TrldnUOUT

I it
m Out

To T 0 TO

if infme

EffectiveLagrangians S isheavy
Lowest order L2 Tr du dunt

Next order Propagator 1mF

4 Em Tridudnut

Lp 2 2 YtEtÉiilmatching
This is EFT 1.0

holds for all matrix elements


















































































































But now Loops
Problems

Equiv only at low E
loops sample all E wrong
Legg is non renormalizeable

Solution UncertaintyPrinciple

wrong parts ofloops look local

in local Leff
correct parts ofloops from low E

distinct from local Legg

ExplicitExample
General Left
Leg If IQud Ut 1 dau out

la Tor du d Ut To 2 U d Ut








































Somediagrams
A ME IT

I remorm ofA
finite

i
i

i

T E a 294 7
B D

I54ᵗ 1hpA is

Why can this work

A X I
m
X X I

ewE

B x
Low E parts are correct

But i B is divergent
2 B is not the remorm of A



Results 5 ftp.JEcmtqklp PsA Thefulltheory at low energy u p Pa

B The EFT

if we identify

Matching
identical if



Various points
renormalized a nonrenormalizeable theory

locality
What are the EFT predictions

not the li
logs not local Legg

Limits of EFT

at best 5 12 I

but could be lower

Eff 1

Same renorm works for all reactions
not yet obvious
symmetry
BackgroundField Method

v2 is not a running couplingO E corrections not running
power counting theorem

one loop O E4



Caution on cutoff renorm

Leff Idt IT 2

42T U

5ᵗʰ SEE 50k E

ME const m E

in Trenoom v2
violatessymmetry

resolution new Feynman rule 840
GersteinJackin Lee Weinberg PR03,2486 1971

also N renorm of v2 is not running
ofthephysicalamplitude



Background Field Method briefly
Utility

same senorm for all processes
symmetry clear

Basic idea

Normally expandLine first then identifyloopparted
V10 72
BFM write I 55 loopparticle

V V I 8412
do loop first Xx DL
then takemakeelements

Example NL SM

U w̅ eiE
L L T L w̅ D L2 w̅ A

I firstorder secondsΔvanishbyEOM

General form
2 In Δ d A Δ fin d A A g at

Δ but I in r at



Now can do loops
one way is usual Feynmandiagrams

TAT IT FIT

In dim reg generalsina.IE
Δ L Iv 02

Inv duh duh I Tv

Recall Fu Ti a T T T in NLSM

After some algebra
AT Found 2T tough

Symmetry
Renorm all processes

Notes
Universal method

Heat kernel method easier
Appendix B of DSM

Also can find logs as nonlocal action

Sd xd y Farm extent I g Invly Bawnshy
Vilkovishy

x In IS Syfy en q e 8 y


