This i o wadrix eemert of o bare SCET operabor
which shll needs to be renormalived. The fact ot He
coefficient of He e pole depends ow He collcuesr and
witea-soft (and heuce low-euergy) ocales appears 4o ke
houblesowe of forst siald- , Siuce ke coumierterus
rewoving the duverqences must be of OV nature. Ow
second ook, hopever, we see tuak
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owly depends ow the hard scale Q°! T# s Hus cousistent
+o Iu’wtprd' Heese po(es ag OV o\l\ﬂg&c&s.

We defiue He vemorvalized SCET cuwrvent operater os:

s bare
Vor ™ = 2yl Vi )
The watay eleweuks of He rewonaalized curred operator
ore Lluite | iee., feec of Te poles. T e Hs schewe,
one obloiws:
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The wabiy elewent of the renorualived curvent is Hew
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Derwvakon of twe Wilson coefficient:

The waakching velakon for He reworwalived vechr
cuvend  talces Hee -Fovw:

Yt‘l" —> Cv(Q rt) SCET((“
We coin derve the oue-loop expression for He hard
wakcling coefficient Cy (@) by cowparing +e
above result fcr He revorwalived SCET  watrix

denewr with the vesult for fhe Sudakoy forue
{aw\'wr n Qced, whuel reads:
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Moteling the to expressions, e Rud:
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YIL. RG Evolution Eq.uocl'iows

The scale dependouce of He rewonwalived SCET cument
opensdor lo  dekermined ‘on e ddfferenhial eQuahbu,z
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One cam show Hat, 4o all orders of perturbekion tueovy
the "anowalous diweusion” [} is given by:
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(see e.g. my Les Houckes lecfuves il 4901. 06573))

Using owr vesult frow above, we find ot oue-loop order:
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The appesrouce o$ 0 Loguiﬂuu o(— /*2 ol auowalous
dimeuwsion (5 a new feakure of WET. Tk is ceoracter-
whe of Sudakoy problews,  which He perturbahbi
series Cowtains dwo powers of Logarities for eacle
power of Mg, Owe cam show Hak %o all orders:
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wot venorwalred (Noether's tueoves. , b Heew ‘?oU.ou:s
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(" rewovwalizakion- group equabion’)

Pwsp s colled the LCSU- Like cusp arowalous diseusiow.
I+ 5 Known to 4-loop order n QcD. The guashty ¥,
15 Kuoww ok g’LOO? ovder. Al LQ.G.AA-U-ﬂ oder we have:
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The 3%.(,%[ solubion o the RGE (5

= kel condiblon”
CV(Q"} l“) = C,(aq, i)

e
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At the “ hard watcluing scale - /fhx Q, He wikal
condition C, (@) p,) for the Wilson coefficiend is dvee
of kcurje, Logax'ﬂc\w.ts oud con be colculated rd:&qu
using perturbakion teory. For ustasce | woibhe Pu= Q

we have:
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The cdoove solubion caw Hiew be used {o evolve Hee
Wilson coefficiewts to scales peQ i such a way
Hat the lavge &oja,vH’kw.s
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Vi IDequUVL3 of Witra- Soft Gluous

Wltra - soft 3(»0% cDo.p(e bo collinear fw,(ls *Huouak He
eikonal wkerackow:

T 00 & (Dn0 ik gone A + 4o nAg(x)) B

In wv.alo“ with HQE'\'J 1YY cou.p‘-Jwa con be revwoved
by a feld redefiuitiow, i.c. /..ewgeus
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s o soft Wilsow liue along He light-Like direchion wf
Note Hiat Huls has Hee forw of aw ulba-soft gauge
bausforuahon with Ustx) = S, (). Using the (:mperl—:’

(‘\:V\,'g +35 V\‘Aus(x-)) S"(x,) = S“(X_) 1:'“"9

which follows from [12 ne D, .S.,.(X)] = 0, one Ruds
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This feld redefuiton s rewoves e Glhe-soft
qluon feld frou. He leading-oder SCET Lograngion !
The Sosse deick also  works -?ov e pure QMU«M
iw the lagraugion.

Tue  “ulbra- soft decouplivg ausforuakion’ s the key to
denving factorizakion theortues (w CET! Like (w HQET,
it does not iuply that wha-oft iwkerackious disappear
ewkively. Rather, it weaus Hat, as far os Helr
C«Dupuwis b wia- So“- 3(&»% (s ¥'¢J COM.CCW‘ACA) collcuwear
pax\{o\e,s belove ke L.‘atd-- Like Wilson Lines. The
uhkra- soft qluous will veappear whew we cousider
external operators  (such ags cuwrewds ) bullt owt

ot +wo or wmore dqpes of cdlimear Lelds.



For Hee ua.ua.ple oF He 2-jd' vechor c,u.weu:l-, He
decoupling fansformakon naplies:
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" esseager” Horee decoupled sectors !

The Sudakov -\:ovw {o.d'or Hhew %La'l‘orii;es o ,Fowr
dushuct o'oie,o’fs each chavactevized ‘ds @ sw»a[c_ acale:

hard fuuckon
1et fanckous

soft fuuchon

This 15 aw exauple of o {actorizakion foruula.




T e \Collowimfs oo lecheres we will deecuss s(xalslic
exa.w-eku of {a&ovlwﬁow Heeovesas {lor Sowe. Concrete
plysical processes.

To fwish off Huls lechore, lek me wote that the appearauce
of te fwo soft (Wilsow Lines 1s mslao&sik‘tfor He csp
anowmalous dinewsion in the awoualous diweusivh of ie
SCET cwrvenk opevator:
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with o.ugu, 4]
v _
cosh B = \’% = o
n

The quawhity r'wp(us) s related to e hie-like cusp
anouwsalons dimeusiou, wlich we hawe discussed (w
Hee coukext of HQET (see p.9, lecture 2), by:
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AMmeusion of SCET




