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I.  Motwokion

Mulki- scale problewss are abundardt w pluygsice but duficult
to deal with — effechive Hheories reduce thew to prodews
wvoluing fower scales

EFT: wodew ool 4o aclueve eeale &Fat&l{ob\, w QFT

— veduce wubbi-crale pobows 4o o sequeuce of
Sigle - scale  probloes

— RGEs allow for sydewahic reswmwakion of lage
boaaf\&\aw of <cole ra.\—n‘.asj pcu'l'lwlu{t( &LLPDT’(-&\A'
W QD |, wWhere ruing  of ds(,.\ O s{aui{xw*
omd e &"(Ga/a,) Con l:etaxge ¥ >0, (n=1,2)

Scale separakion 1o e basis of fackorirekion tHeoreues

— crucial for seporakion of dhort-distauce frow loug-
Astaice Meics w QD (Ger G‘P“*D\*S ® PDfs )

— 'm 6(-(0\;%\{3 'm&e)m.clwﬂ ‘\'Leodes J Louﬂ—éisw a\o&
can be diffexent frour gaort- distouce dofs | so scole
sepovakion becomes o wecedhity (quads & gluous .
Woduous | electrous 3. Cooper Pasvs, | eke.)



Wiy should You learu obout SCET 2

o

(o]

SCET s the EFT for l,«.(ﬁkocuarﬂg Procesces ;uwl,v{uﬂ
Ul parbticles — relevasd for  tolider plysies aud
MU&- 9‘0,0.(‘1 F‘bxsic&

oy powex(lul. buk one of He wogh c,ouPUcwl-d
EFT ower developed — fulk of seletlehes, bud
pysice cam be sbkle (eg. "colliuear amounly)

orgwally deweloped o wdergtand  fagdorisabon
feorows tn B Pugies, €9

3—)th) 2 - XMQ,\? ('W\d,ué\vc ALC&t(s +D Lfgu PQ.Q‘L)
B—->DIU, B— %% (exdlusive V\oukﬁw'-c A&QXS)

6 oo -fodroﬁta}-sou a_wpm_(},\ (BBNS: m,é‘ /3305342’
solued o problew thek wag 00D6 126, 0404(0)
‘\\k*‘\a.l‘)"o&b\t BbGDrC,

lader,  SCET found oy apficakions oukside {lavor
Bgsics, tn porkicuder : collider p(uf:cs, deue 6D
wokker, hadsow fugsics, Scotfenng Gueplitudes |

DM prenowmenology, SYM Hueory BN plysics, ..

G cevies of ammual Mskops siwce 1003



Twporfait comient:

The congtruckion of an EFT  becowes %(&uiﬁ'cawﬂv
move  couplicated m cages where the lame Scale M
remowws as o paabeter w the ETT, clavactedting
the lorge emergies of Lght parkicles. Twis is precicely
whak happems n  SCET.

T Hue coge, a5 we will see, e operators . e
eMfeckhve Lograngian (clep 3) are now-local ou

laxae scales. These now-localibes ave odong Light- Like
direchons. They ase o chovocitrishe feature of SCET.

C.OV\,VQM:Howa,L E¥Ts - Easc.d own (Ewhakau&) OPQ((Q,‘l'OV
product expausgion (0PE)

(N 'mjtz,arq,-\{mﬂ owk L\CO.\AJ pacheles (8x~"y)

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

based '
o e wetlal of repos (o Ltie)

(s iw’(carq,i{mﬂ ouk lau«ic L\«Lrgies )



L. Brief Ewncounter with Heowy- Quads Effechve. Theory

EFT desonbing bouwd states of o heawy quark Q
(=bc) with Ugk gquosks aud glaous (2% 3", Aue)

UK uple b& a fwo-scole P\‘DB(E.M:

l’Y\Q 5> Aaw

exawple of am EFT where the heovy partide caunot
be ‘ewwoved Mm\»\‘ fowe the effechve Leatw%hu.
wohead,, we owly lu)wjmh ot e hod (for off-shell)
fluchuohous

—  will U\Louv\:\’(x MCWLJ -P@A'u.res '(-ha;{’ wu, bg, usq,-ﬁ,l,
for the coughruchon of SCET

whew o heawy gquark s bound 4o L'ﬁld' partoug by

soft wterachiows, new sﬁwue#ie.s ante, wWude are

not WA fest o QCD buk wilk be wawifest w

HOET of leading order

—  bolen by cdodable perturbohive  comeckons (lwi
quons ) amd power (orectious (Aaw/mQ)



P.\'«H $\ca.‘\f P L‘(’tﬂ ¢

C

"brown muc o solt qluons camuot resolve

C a%o ve
'u.va A 1w¢ha w.
womewt ~ ¥mg o lWeavy- qualk LwouLtule (5
opprovimately conserved.:
1 ¥ k
+ e ~ Q = MoV  +
Siye Aaco A A
/ \
‘t-rlelocltj ol soft resdue
bound sctate (v'=1 momewtum
h \ K M Naco
= v, = v + — = g +« 0
Q na ‘ &a
congéy \ B\ - { L A Mg => ©°

oD

Wich dofs com be wdeqieted out




b
Congtruchon of HOET
Step 1: pul ouk o phase fackr comesponding do He
‘ghokic’ momeutum  mg ol aud put  p
k- conepouent Dirac \nor Y, who dwo
"‘L-umugwww," ShINDIE o AR
-tMp VX T e \
Yalx) = ¢ Ao () & H, (x
with: witial - frate Chimak
hw = ho,  $Hy=-Hy
expcrkly -
vg V- X L .
heb) = g “j ko ()
_ Fed edefuition)
) Mg V- X .
Hy(x) = CV ° -4 '*'Q x)
2
—> hodvou ydloaty of adere 0 | ou e felds
Glep 2: | dec a()as.v(';au who He Divne Lg%jgg&%lgu,
= Y, (4P -mg) ¥
[ = - 'ilm VX iR . -"LNQ on ) \
= (Rt Hy) e 0 (B-mg) e hot Hy)
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Step ¥* iwhamh out ”ka'ah—fmqumcs u.wéce“ (0 mg)
c.orre,st\Aiwa to hoed quaw(-uw Lhecheations

—  fidd Hy has mats Img, while £t wossless

— in oddihon, we splik wp A A',:‘a+ A';"’L

wd ubgate ok hoed quoue e G

G iu)cearwk, ot Hy o the WWL Iu}%ml,:

I%H 5 v S‘J/DX £@(¥‘ e';a Sfx oC::G(X’ + A

v =

wheve:

| c« R e T e e S e . S 11 R T e R

i - . - . L
LQ = ng\)-])s &'0’ + Ry "';mb llnaq-i;'ﬂvms

A = Trln(-2mg-1iv.Ds) = elevand toustend |

o when hod ghuon effeds are wmcided) e fuuchonad
'«vv’mgrc& 6 ho lowger ga.ussim and comuct be
eoluated in closed fore —> ek AL =0 and
cose bods 4o hevd gluon effects laser



fouckonal dekermivont A 1o qousd 'muar:aw\, aud
evaluaking it (n “feuporal  qauge DAY =0 shows
Hok:
A & ( (,‘ lmQ - {10-3
= (infiwite) -;wh‘ A congtant,
dn cam be dropp
G deqrate out Hy ’.w‘g PTQ.;' of wohow:
S{ A 1
vﬂu =0 = = < vP enr
SHy + V-9,
tuging  Hus  solukion who the lograugon
u'ud. s the albove result dor :f /




