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I Motwokon

Mulki- scale problews are abuudasdt tw plugsice but duficult
to deal with

EFT: wodern ool 4o aduese ecale QZ-PM&HOM. m OFT

— veduce wuti-crale pobows 4o o sequeuce of
Single - scale  problouss

— RGES allow for sykewahc reswmuokion of lage
losaxits of ccole vakos ; parkeulady teportad
n QCD , Where ru,tm.g,u.a of 0(5(,‘\ [ Q{aui-cic,a,d'
b ¥y BOa,) o be laxge i G0, (he i)

Scale seperation e e basis of fackorirekion tHeeoreues

— crucial for seporakion of dhort-distauce frow loug-
distance dugice w QD (6, = 6 partous ® PDFs )

— skouﬂ\ﬁ ’lw’(e)m.cjnhﬂ theones J (pk:ﬁ—&s'}w Ms
can be diffexenk foouwn daort- distouce dofe | so scale
seporakion becowes o uecesmty (quads B gluous .
Waduous | electrous 8. Cooper pavs, | ek )



Wieg ghould You leagu obour SCET 2

o SCET 1o fue EFT for (A,(ﬁ\vuwngg processes ;uwl,v{u.g
Vsl particles

o oy powerful but one of He weogh Cowplicated
EFTs ower developed

o orgually developed to widerdand  factorisabion
feorows n B Pumies, e

B—=>X¥, B — X, ¢ Cinelugive o\Lcads 4o ‘A%’U Pa!'”

B—>D%, B> % (exdusive woulepbuic decays)

o laker, SCET fouud oy apicakions oukside {lavor
tegsics, n porhioder:  collider pugics, deuse QD
wokker, hadeow fugics, Scotfenng aueplitudes |
forwasd SMMQﬂ (Sheall -x blogsics) | Jeueralined. TIts,
colloneasr {octorizakton breakivq, Dy theuomemology
SYM Htueory, BeM plygsics, ...

& cevies of ammual wd&skops Swce 1003



Twpoptout (omieut:

The cougtruckon of aw EFT  becomes sigmficaitly
move couplicated m cages where the lare scale M
remowms a5 o paaeter w fe EFT, claracterzing
te large ewergies of Light porticles. Thus 1s Pmc(sdﬂ
whak happems w  SCET,

T Hus cage, as we will see, the operators e he
effeckve Logangian axe nou-locel ou laxge scoles.
These  wou-localities are alowg Lgkt-Like direchous.
They are a chovocierishe featwre of SCET.

Com@u:l'iov\,a,l, EfTs - La.se.d own (Eub\—w\mk) OPQ((O.‘I’OV
product expausion (0PE)
(ox~"y)

G iw‘r&ara,-\{mﬂ out L\La.vd pacheles

SCET ¢ Minkowskiaw' acwqu%a,{aw of the OPE

bosed o
o e wetlal of v Litie)

s 'IV\*Larq;":,V\ﬁ ouk la"‘l" ngies '



IL. Constuckon of Soft-Collinear Effechve Theory

A Lohﬂ— s*awuwa prolo\e(u. ‘wL QN was ow +o sais(em{-:fcaiix
occount for lowg - dcetance  effecks (a‘uciudlu.a power correc-
Kous) iw processes which do wot aduwit o local OPE.

— OPE povides ngorows fameworde for am @xpausion
w Powers aud Loaa»r‘t{'hms of He larqe scale for
endidean processes

—>  processes ‘mUo\»iug ewvlbh'c u%u' pa.((-x'z,les Pose wew
challemges :  pl has sove large covpoucuts, buk p'eo

Consider €€ — 2 jets:

*

Y{g Liak\tj collivaked jd's of
%&% particles: lovge enevgy aloug
je axis | swall ivara wass
—— ——
Pl Pl
P;« =(E4'0,0,VE4'H'|34) . EVE 2
yoOTY T b P

P; = (Ezn 0, OJ_VEz'mzl'z)

1

G in.’wi,w%lca% Minkows k ok process

G, what s teere b iw{-eﬁrwl-c out 2



Tukoduce swall expausiow Pamm.e(-ew

'X~%«1 (@=5)

MEM’, 'l’wo L‘ak‘c-LCkc re,{'ercu\ne, veabrs o.lpuﬂ 1}.} A;rul-:ous:

h,h.-. (1,0,0,1) , W= (1,0,0,-1)

1 =2 -

T)ewupose k- vechors :V\ o ‘A‘&;’u'w(&e E&s(‘i qocumd ‘o;
Y ond two  perpendiculor  dureckons:

al )
Pt‘g (n-p) !‘i + (RP)% t "r

2

'
[-2 [t " !
= WPy = Eq 4 ,/Ef, mi‘ ~ 16, 2\{s = 1- Q

L
Py,

0]

s‘milwtbs-. L -Q, K.Ph ~ ’}\?'Q ) (33z = 0

Tudividusl partous wside Hee fets com carry wowewte
wi. He save scab:ua vules , buk these con algo have
Noumsvarse cow.Pouxeuks 05 Louﬂ s f:'< m;.’,' We,



Hus Hid:

partons tuside jek 1+ (nopy, Wp, pi) ~ (N, 1,2) @
& collinear (w-collivear) packides
partons wside 3‘&(' 2: (npy, weps, l’:) ~ Ut"z. ')\) Q
© _anh- collivear (R-collimear) pockices
G wole: pf = (n-Po)(R-py) + l’:.; ~ N Qz (both cases)

These colimesr parficles have vidalihes wueh less
How Hhe haed scale Q=s. Buk in Victual diograws
we com olso ucb\o.uae had \ao.k':&dzs withe

P""h ~ GJ :.C. (h'l,":JK'P;«J P‘:)v (1l1|1) Q

G _hard  parkicles

We could dy bo nteguete out Hese havd guanhuu
Brckuedions omd construct am EFT bult out of

collemear omd  auki-coluuear porkicles. However,
one fids Mok Hus (s wot te whole stovy,

T4 1o wehruchue ot s \Doiu-{' fo cowsider o couceete
exomple, He (off-shell ) Sudakou Sorue foctor :

/(ng\

\q:"\ > |ps|
P" 2
P (m;=0)




One - loop calculebon:
Droppng  nunerator fockors for siwplicity ome fruds:
tq

o le jd«n 2?1;?; _
th o) [(lup,‘) % {o] [(lupz) +1',o]

P Pz

1 ? 1 2
= 0,8 p@ X Ie_)

SuAOJLOV &Oublg Loa F ‘{l -For e 0
we

wikle:

2 . . .
Q = —1z-u0 = «85-120K0 > now-ero wu.aa. FM‘"

(s

Po=- pr-i0 %0 (off-shell —> IR rzzuidofs)

S wole that @'z - (p-p) ¥ 2PP up to BN terus

Tu fhe CHS:  (ng,f9,9,) = (1,1,0) 5 ke
(w-pay R Py, i) ~ (A°1,0) Vs wolliuear
(v pa, "ePa, PI) ~ (1.}1.0) Vs owk-colinear

We will now decoupose Huls vesult ibo & sum of Cowtvi -
bukious eadn dependivg on only a siugle scale. The hard
coutnbubion (dependivg on Q") arises frowe hard quactiets
Hectuokions . Cowtnbuhous frou. lower scales will Laker
be associated with wodes tn the EFT.



Method of r<3i0w$= ( Skurrov 19905)

Systesiabic wethod for po({aru&uﬂ " Taylor expa-u-&(‘ous“ of
Foquuan grapls Fp by decouposiug thew 1who ”reg lows

:Ff' ~ Mx o sum over seks ¥ of subqraphs
¥

Tm&\ov ev.\aa.%'ww w vaxalkles

Prackcel Prowiwm: et ove Swall 1w ¥

1. dekecwine lage and swall scales in tle graph

1. iwkodute factonsebon scales i ond duwide He Loop
inteqrals tnto rwaa'ou.s (o Which eacl loop woneudus ie
releted 4o oue of these scales

3. pecfoca o Taylor O—Mpc..usiow ln parawmeters Hat are
Swall w a aiveu reg[om

4, ofler the Qx(\au%zou, :auove, e Mr;buou scales
amd iw{—e,au'ah over He ewbre Loop ;Megmﬂou dowaie
i each re,z{ov\

Tor shep b b be velid, it is esseukiad Mok T i

defined diunensional regului%ﬁ;‘-nfouf

& follows frow U&uishiuj of scaleless iu.*egm(s:

jcl?k"azo

(k)




Covumcend:

A wore riaorows Hectweuk uses e nokon of "%:u.‘ju,LaV‘

surfoces

o LooP iw{'elrais (in ol,:u.rca.) are cowbour Iukjrala ( He
covaplex  uobaeduue plone

o wu-wo wutribukons result frowe pinch siugulanitics
wheve cowbours comust be deforieed s0 ap 4o awoick
e poles: I_"

S > [N ~
L4 L4 r d 14

o {lis \u»p\aws whew Souee PrOpa.gaJOlrS 40 ow ghell,
( happeus ouly whew Soue (oop uwrowsewte wratchh
extorual ocales)

o olwer, off-shell Prop“ﬁd'ors con be exfwu.dwl aJoouwt
e s'maukqx surfoces (wo need for hard cutoffs)

J 3m[:k ot Hew eq,ch, fo He sume Of all siuau,(&r
subgraphs

(see e.§. Beueke, Swirwov 139%)



