YT, The Sudakov Form Factor 1w SCET
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His fie pu{orw'u,s He calewlokon tn SCET (omd wot
:anor:wa e nwuwernbor feaus), We Hos evaluate Hee
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This s o watny elewewt of o ‘bare  SCET operator,
which shll needs to be renorwalized. The foct fhot He
coefficient of te e pole depends on He collcuesr and
witea-soft (and heuce low-euergy) Scales appears +o be
houblesowe of forst s;atd' , Siwce the coumerterus
reuovims Hee c\iuugeu\ces must be of OV nature, Ow
second look, however, we see tuak
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owly depeuds ow the hard scale Q°! T# s Hhus cousisteut
+o inkerpret these poles as OV Aivevjmes.



We defiue e vemorvalired SCET curvent operater os:
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The watay dewewts of He rewonsalized cwed opeator
ore fluite | iee., feec of Tfe poles. T e Hs schewe,
one Obtains:
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Derivakon of the Wilsow coefficient:

The uza!rc(-:uj velakon for He renormalired vechr
cuvend falces Hee fovine:
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We com denve the oue- Loop ?-xpres%iom {or He had
m*ddmg coefficient Cy (@) ) L’3 couﬂbwrluj +le
above vesult for He revorwalized SCET  wuafrix
denewt with Hee vewlt for the Sudakov ‘F°"“"
Mr i Qed, whick veads:
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Matehing the fwo expressions, we flud:
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YIL. RG Evolution Eq,u.w\'lows

The ocale dependence of He rewovaived SCET cuurent
o perotor 15 dekerwined by te dfferenkial equatidu:
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Using owr vesult frow aboove, we Had of oue-loop order:
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The oppearouce o$ o Loge.,riﬂm o( /*2 ok auowalous
dimewsion (5 o new feakure of WET. Tk is ceoracter-
whe of Sudakou problews, e whick He (:e,r-(-w‘m}fou
series Cowtains dwo powers of logarithues for eacle
power of M. One caw show Hak %o all orders:
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PU‘%P s colled the Ugldr- Like cusp amouealous diseusiow.
I+ 5 known to 4-loop order n QcD. The guachiy ¥,
5 Kuwoww ok %-Loo\) ovder. At LeaA.«.uﬂ oder we have:
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A the “ladd watddeg scale” px @) He iikal
Condihon CV(Q: }4“) -fov e Wilson coe{l&};jud- s ‘GWCL
of lavqe Logwr‘(‘(kus ound Can be colewdated rejnfa,kl:



using perturbatiow Jckeofu. For t'us{m.a, Wit p= Q
we lhave:
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The oloove solubion cawe teew be wsed 4o evolve He
Wilsow coefficients 4o scales o Q w such a way
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m.ﬂ)ecoupuvxﬂ of WUltra- Soft Gluous

Wltra - soft 3(»0% cDo.ple bo collinear was *Huouak He
erkonal wkerackow:
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Tls c.oupu'kj cam be rewoved by o Reld redefiviboun
i.e. new Felds
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This feld redefuibon s rewoves e Glhe-soft
qluon feld froue He leading-oder SCET Logravgion !
The Sasae 4eick also works -?of e pure g(n.ou."'em
iw the lagraugion.

The “ulba-soft decoupling hausforuation’ {5 He ke 4o
decving factorizakion theotts (W SCET! It does not
eply Hot  wha-coft iwkerackious disappear ewhirely.
Rofer, it weaus Haak, as far as {hewr couplings 4o
wlta- soft gluon axe coucerued, collivear parkicles
bebave Like Light- Like Wilson Lines. Tie ubbva- soft
qluous reappear Whew we cousider external operators
(such as currents ) builk ot of two of wore kypes
of cdlinear felds.
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The Sudakov forw factor thew factorites iwto four
dushuct okie,d-s each choyacterized ‘03 a sivﬂtc ecale:

hard fuuction
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This 1s an exauple of a _factorizakion foruula.

T o scond rco.A/:V'ﬁ aspighment to Hus leckere we deacuss

on exawple of a factorizakion Hweovews for a concrete
plysical. process.



