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Mulki- scale problews are abuudasdt tw pluygsice but duficult
to deal with — effechive theories reduce thew to prodews
W o\u'mﬂ .(u.:u scoles

EFT: wodean tool 1o aclutene ecale eqm&l{ow w QFT

— veduce wibbi-grale pobows 4o o sequeuce of
Single - scale  probloes

— RGES allow for sykewahic reswmuokion of lage
boao.f\&\mv& of <cole rahios ; pmﬁwlm{t( &LLPDW’(-Q\A'
W QcD |, where vuwning of % (1) 3 s(aui(fico.ﬁ
omd o In(G/a,) com be large i Qv @,

Scale %(suo:\:uom e e basis of fockorizedion theorewes

— crucial for seporakion of dhort-distauce frow loug-
Astamce Me.ucs w Qe (chr G‘P“"‘WS® PO )

— . chougly Wderackug Heores, loug - distouce dofs
can be diffevenk frour daort- distouce dofs | so scole
sepovakion becowes o wecethity (quads & gluous .
Wadwous ) electrous 3. Cooper pavs, | eke.)



In o pecturbahwve couded | uvse of EFTe 4o recuwe lawge

\,oaar\’c\ms s ofken au \ua.(aor-\—oh_k fotus

= howag o systewakic opproads com be an adyasctage
over diagram - baged reswmwation teduaques

— ollows for RG-lbased regupunations even W very
cowsgicoked castes (e.g. NOLs, Slls; see 1508. 0cels,
1605.03%3F amwd 110%.01212)

EFT provides isuporfout new perspechies on QFTs

— "TW%L'\UH" wo louger o paraAigm, bd a
consequence  (Wilsowian iewpoiut)

—  luporkance of “nokureluese’

—  once We reallve Hat o pugical tueory 1o wot He

"Heeory of aergtung | we dhodd wusider
ab o EFT , e.9.
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wherachon (D38, less glokal syuasetres (¥, L)



Wiy ghould You leaww olbour SCET 2
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SCET 1o 4he EFT $for Mﬁ\ww@ag Processces ;uwl,v{u.g
Ul parbticles — relevaud for  collider plysies aud
\M_ay&- 9‘0,0.(‘1 Mﬁic&

vory powerful; buk prolally e uwogt couplex
EFT over developed — fulk of eultehes, bt
puysice cam be sbble (eg. “colliuesr amounly)

orgwally deweloped o widerdand  factorisabion
feorows n B Pugies, e.g.
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Loder,  SCET found tuanu apflicaions oukside. flavoe
tegsics, n porhioder:  collider pugics, deuse QD
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I. Effechve Teld Theory m o Nudshell

Congider o OFT itk o large fundawewtal geale M
(eq. fhe viase of o Weovy pastidde , buk olto o large
Buclideas. woberdene trassler Y. Suppose we ave
wheresked 1 ofpecimsends of ewegies E«M, How cou
we  systewnthically Qx?q_w\ S-wodny elewents 1w powers
oQ E/M ?

Shep 1:  choose cukoff pg M ("Hereshold of ngrw")
ad ok up felds who  high- frequency aud
lows- {requenesy wmodes (in Touster cpoce):
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— pwsics ok enerqies below o com be deecribed i
ferwes  of cowelakion fumchous of fields 4 -
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Shep 2: id&ﬂfa&e ot Hae [M‘ak, {'re% weuey WS 5};
porforwing the Luuckional wdeqal over y:
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o §lo) i non-loeal an scales Axw s due o
popagotrs of i frequency wodes

o addibion o heovy parkides with wases my>p,
olgo the high- frequency weodes of Laglt parheles
e wregated ouk !

Gtep 3: e,x(oo,uA e wom-local achoun MML W ferueg

of locol opecotors cowrposed of e felds &
(Po%'tue Sluce E«,x —  resoluhon Sx NiE b3 Axr )-.
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— infiite swam over local operodors @ maultiplied by
Cougliugs g; colled " Wilsow coefficierds’

— w genenol ) oWl operadors allowed by the syuwetries of
He prodew  (e.g. Tomare wwariauce, qoisge ianiauze,
sloboal giume-lr{a) com appear i e Sume

How cam e cue effechue La.gmu.glau be predichie 2
Sk_p L: Azr'we, E¥T power (,ou.«dwuﬂ A E/H «A{

— W auplest coce (louk ot in Jeueral ), Hus followe
foom waive duseusional analysis (NDA)

NBA C,ouM‘Huﬂ ruie.sz
o |k Y_a; = - ¥ denote the Leags Mouof 3,;'
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(otherwise Hhere should be o reasou UlLJ
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o wokix deweds {AY W te EFT scale with
powess of the charectesishe erergy B 5 heuce



Lo am cdosavable 0 win L0] = A ua&:
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0 = - 3; <Q~> ~ E 3 C: (F)
—  wdividusl dterws W e suue are:
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swee 181 =0 it fdhows Hat [L]=D
(=4 w wost cotes) amd hence:
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— ouly operodors wdlh wase diwension §; <D
que wesupprecsed  cowtnbutions ot low euergies !

—  {hig wakes EFTy wselul, becmse.-fotqgivm
Heory oy o relobuely swall wuuder of such

opevators  exigh

— wnqueral ¢ He (amer §=[0;] 1, He wore
suppressed. is the coudrbukion of Q;
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Conumonds:
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~ Congtaut
( Lo:;a.rI’(Lch )

Lall

VQ\QVO.&A' Opel‘a}or
(super - reumdriealizelle)

marginal  opevator
(reworializable )

wvelevaut  operedor
(now - renoraliable )

o "vdevad opertors axe usually forbidden by weaus
of a symuedry, otherwice Hey gque rie b a
wadusoluess \)ro\leu (msmbaiml Coustaud Prold\ue,
\«Ctemrchﬂ Pro‘o\EJM\

o wa'mal operatory, axe all Heere " P%Dhuo.u%au;

OF T,

o " inelevauk cpeuetors ave the wogt Iuhnsh:uﬂ Dwes,
because they temdh ws sDweMuﬂ aloot the QLt‘g;cs
ok the swle M (Terva coustut, newbnuo weasses,
SHETT Lo ..)



o i prackce , oue tuucakes the swm over operators
ot Some moximuue Value o{ S.; set &J e

precision goal  (ypically Sy, = 5 or 6 for D=t)

- {—lo\l\'c opcra.;(-or basi , Wk Cal be coughucked
W a shraightforward Wway

— an BFT widh cudh a humeakon i a.(wo,gs
renorialiyable !

o i} Hue theory ckowe p is perlurbokive e Wileow
coefficiends ClGd can be denved Low o pev%w\ooh\z
wokduug procedure | by re@r:mg o fwte set of
wodir deweds w the full theory aud W the
EFT do agree up b Wigher- order power corvechous,
wich are neglecked w the EFT

o oabove coushuchon also worls if Hhe full theory
6 wawown , Lke for SMEFT

— ket Ci(p) o5 wimowh poraweters, whick
wust be extmcked £om o £G4 4o e date



Final  comuent:

The cougtruckon of aw EFT  becomes sigmficaitly
move couplicated m cages where the lare scale M
remans as o paaeter w fe EFT,  claracterniiug
the large enengies of Lght particles. This 18 Preu'sdﬂ
whak happems w  SCET,

Tn Hus case, as we will see, the operators e Hhe
effeckhve Lograngian (clep 3) are now-local ow

lavge scales. Tuese nou-localities are alowg Lighk-Like
direchons. They are o chovocierishe feature of SCET.



