















































































































Lecture 1 Intr t EffectiveField Theories

BigPicture
There is an interestingphysics at all

scales

Eitanhows
tease out interesting physics

This ideaof EFT isobviously
Wedo notneed to know themicroscopicdetails ofbowlingball
when we

play bowling Just that it has certain mass

and that it spins

Engineers do not need to know the mass ofHiggs boson
or strong interactions when constructing a building

only certain macroscopic properties like elasticityofsteel

i t I
Decoupling

hardTheorem to describe physics at an IR scale m

we do notneed to knowthe detaileddynamics
of what is going w UV scale ft


















































































































BetaFunction h QCD resolution
scaley of a process plays

a very important role

f g 4
parameterof strong coupling constantthat tells us about

the strength of strong interactions

Howstrong do gks gluons interact
Ingeneral

1 4 É F 11 as paspaspaspast

βo CA 3Mf 11 nf 0 if nf 16

strong coupling
constants decrease with energy scale

4
many p.ITos1acd

0.25Gev
dimensional transmutation

yetitive
full

qkjtit.ttItaizeaoo4hadronmass

Q AQCD


















































































































QCD
and QCD is the richest

known QFT ofnature
Effectities

small
Farid'sTalk QE

D Letsenergethadrons

I 1É
pmipious.EE

JfEtt
top dmy

38721

longdistance

physics hardtop down of CCA 0 minand

HII if t.se
encodgEahitItt matihed
indepof longdistance dynamics

top down theory 1 is known

but one integrates out

g1 the undesired details to
construct theory 2 to describe

the IR details
car at same energytheory w not

all d o.fi
m 2 NRQcD SCET HQET


















































































































bottomup underlyingtheory is
known or

is known but matching is too difficult

So construct them out of expectedsymmetries
and d o f writing down mostgeneral operators

Chiral perturbationtheory CGC

can fix cnet.by experiment for ex

Indamental
a Relevantdof what fields

ingredients

ofEFT
b symmetries what interactions

c Systematic expansion
power counting expansion

ofEFT parameters

mpleexample Take atheory
w a heavy scalar ofof mass M

oftopdown and light fermion of mass m

EFT

Ltory1 TGA m Y 407 17 9054
with m KM

Let us integrateout heavyscalarof and
only consider physics at the scaleKM


















































































































Laga 944 14 FEE in
df 4 is the dof forthe lowerenergy theory

a is the coefficient which ontains information about

the shortdistance dynamics

In the IR the twotheory
needs to agree

i e their 5 matrix needs to be the same

At freelevel

they1 y off

They2

Thus a g treelevel matching


















































































































Inthis classi example we integrate out the highenergy
modes NM are integrated out relative to the

low
energy

mode 9
Thus expansion parameter p c

One can systematically
construct EFTs

L L X L R L t

2 Oi
TIR

UV


















































































































HighEnergy hard mnmii.EE
Collisions jet n nayEger

1 soft 19 MYEJ
HadPdf Minto

P t lP

Es h
EE 33E.haduite

jets
hadronite

jet
Sxhad u

1045m

Shard u
1048m

Hardscatteringis quite rare

ff7g f and usually appearonlyonce


















































































































Lecture 2 Intro to Soft Glimear EffectiveField Theory

What are the dof of SCET EFT forjets
a symmettes

a power
correctionparameters

Today we discuss d o f

diget
productionIllustrative example is to consider eté difets

H ff

Eye MJ or EjetR
boosted

Collinear Soft radiations are enhanced

Landau equation

Method of Regions
nth surfaces etc

universalof p
behaviorofthe scatteringamplitude

collinearsoft
Emeliorenhanced mktg 4

I a 44 Page where Pott tacit
probof

strong enhancement in 0 and 0,1
trip fig


















































































































Aside l conecords

basisvectors pmget
auxilary

with an O n.az tFIp a.p

Irs pm 11ñP It up P1 11p Efpt P1

p n.pr.ptpi ptp pi ptp p

metric
gov if If g

EU EMPTIL

n 0 requires complementary vector am for decomposition
dualvector orthogonality

choice mm 1 0,0 1 ñM 1,00 1 works

note Farid's convention xᵗ 21 1 3 here xᵗ X Ix
Thus jet momenta pm 2Eet n

smallercomponents

where am I h n 0

small mass measurement

p ptpp.tnmy pin II p Ms

F 1 11 f
51 7 hearmode



Federalist
pa p24 e.sk p

2Ranm pMnp R 1,12
collinear mode

similar collinearmode fortheft intheopposite direction

Fed soft radiation follows homogeneous scaling

ping X X X

t.EE ii IIFiiiit
4 2 Thus pmp x272,72

ultrasoft mode

softmode also exists for small R diget production
but story is more complicated

nonglobal logarithms global soft soft collinear
made etc



Expected d of depends on the IR physics
we want to probe

Infftmas my p Cputp nptpñ

we see that t component softmomentatalksto n celljetmass
1 a T cell 11

Pn p A 1,7

ps p 72 72 7 1

ps p 1 X

can 4 1 i e ps Q X X X

Idding p Edel Patent QX



Getmass

SCETI
many

scenarios are

PEP covered by these two
on bedpanaa type of cases

jet mass is SCETI
observable

35 anmf Q2
getbroadening is

SCE observable
fi fIi

n
a a pt np multiple fields needed

for same particle
Getbroadening many

modes in same

SCETI invariant mass scale
Thus differentthantheusual

PEP simple pictureof integrating
Idpa Qa out higher energy modes

QX pampana manfk.si moQX

172A of pt np

Why use SCET
SCET has multiple copiesoftheQCD L
It simplifies the 1ctinbetwentl.de



QCD How is
many

different dynamlis present in QCD

factorization
going to talk to each other and factorize

1RD FEB
a D

FIII

do fdiadx.gs fdDe Edited
different dynamics of QCD can be separated factorited

SCET automates
many of these procedures


