IV, Properties of the SCET La.amhg(cm

Residwal qokse WUariawce :

The SCET La.gmu%hw 15 "o L""‘ﬁ# invaciawt wuder
axbitvary local gauce trausforiabkions :

Yo —  Wx ¥

Al > Wix) Ar‘(x) Uf(x) & % U(x) (8"(&+(x))

0 .
API% LS = % (A (x) (l)r (x) U+(l))

The Touner frausforie ﬁ(p) could contoin wodes it
axbitvary eobelida (Iuc(,udu:uﬂ hard oues), which would
mix wp tie various wwodes w Hee ETT. Houwever,

e SCET Ln.aruﬂio-v\ 15 wvariant (order bj order i A)
wnder @ sek of collinear, auh-collinear aud wliva-soft
qouge hms%wmﬁaﬂs) whack preserve the Sca,u‘»-a, mekrﬁes
of the various helds. (It is olso variawt wnder
qlobal qauqe hausformations, of course.)

The oppropriake foru of Hee vesidual gouge Avaus-
forakions cam be obtaiwed by performing suitalde
expa.meiows i the QD relakows dhown above,



Collunear gauge hausforwcations:
U

.00 — U E()
A i‘» U (x) R-Ac(x) U (x) +— 3 U(,(x)(n au (X))
AL A Uex) A () Uc_CX) +-i U (x) (3';. Uc(x))
nAc(d) + e Ag (x)
E‘» Uctx)(wAc(x) + A (x-)) U:(x) +-§: U (x) (Wa Ui(’d)

The Lot relakion com be rewritten n e forme:

U

c + Py +
nAc) = U nAd) Uo() ¢ 5 U@ [ D00, U]

The wlbra-soft felds do wot 4rousforue of all:

Ue
%(x) = G

y The same 15 +re ‘Far
AN — Al

awh'- collenear felds.

The collinear Wilson Line {wa.us%oru.‘,s as:

Ue +
Wel) = Uel) Welx) Ug(=2on) = Ucle) Welx)

Cousider qouge Avassforuahious
Hat vauish ot whiuity



Wtea - sofh qange tansloriations:

Uug
L0 — U k) G

Uug

+
Ab) 5 Uy () Az(x) Uy (x.)

The collinear qluon field tvausforus ag a backgroued feeld.
The  ulhva- soff felds Avausforie in Hee wsual way:

Uu
c-}us(“\ _; Uus (x) qms(x)

Ue :
ARGy S U AL ) U G gUos&)(a"UL(x))

No\'c M HL& COUA:W Ul:LSOk uu %wsforus as:
Vs
Vo) = Uy ) We) Uy, )
Thas follows frowe Hee fact Hiat 4 g(uou flelds e +ee
path-ordered exponeskial ol Lve of Hee saue volue

o(- X.:

K Uus +
AC (x +{ﬁ) —» Uu_s (X-) A’;(X *‘l:ﬁ) UUS (x')
—~

(x+tR) = 4 & (x+tR) = & Roxs x_



Tt is stadgbforvad 4o show Hak Lot Lug Lo
wvariawd  under Hhese residual qauge trausforuahous.
Note, w par\-ic,uln!, Hat (o A;{-{uew\{al. operators )

Ue 1

o0, = Um0l U«

Uus

= Uk o0l W o)
D e ginAglxy —  Ugl(y) (1'. n-D + g, neAgs(x.)) U:(x)

Uus
— Uy ) (2neD 4q - Ays(x) u‘; (x.)

Now rewor ali vabiow Heeorew:

There 15 Gl 'm;.poﬂ’o.d' difference betweew SCET awd
HaeT. T He absewck of wiha-soft iwterackous, He

ebfectve Lagrawg e

Lty = TE inp, 5 ()
s (Foadtu)o X j dt (WL BE B ) (eeti)
+ (pure qlue tecus ) 5

is evact to all orders in A, ie. it does wot veceive
awy pouer corveckions | Ta fact, Hus Lagraugiaw




does wot contain oy small vakio of eocales | wulike
w HQeT, where 9D/, «1. By a Loreks leoosh
o stk of highly boosted colliuear parheles wity
wosewda  plo (54,2)  cob be tousforied b o
set of parheles witl wosewkn AL R~ (3,%1).
Thass |, e L&zra»g(m ,Cc_ 15, W fact, caua.ple.l-&l.;
equvalet o He QD quémugiawj and as a result
s verbices do wot recewe Guny hard wd'ddwg,

covtechions .

szkdobs , tus statewent rewaiws true whew wlin- soﬂ’
(wherackous are ucluded.

Reparaveleorzation (wwariauce:

The choice of Hee I/fzklr— like reference vechors w7
(Wo0=R) nW=2) in the coustruckon of SCET is not
wiq,uz. For instance | one caw vescale:

o — Fal R/ Rk (m)

(with §~N)



One com also votake W' or w" by swall olmouwnts away
fooue e 2-axis, Tw infuitesival foru.:

A N
At — &t At — wteat
(AL ~ 7\) (KU"/}\)

The wost qeueral fransforuation s o coudoiwahon of
Hese Huree.

The SCET Loaﬂra.hﬂitu.g 15 1wvanawnt uuder Hese
reporameteriahon transforumabions as a Cousequence

of Loreuty (wioriauce. The +rausforwabows (T) oud (T)
reloke e coefficlewts of opem:‘-ors axfs{uj ot differend
ordevs \aw N, Tuwvanaunce uwder l-:,pc-][[' -\-vmsfoma:l'ﬂou-e,

ou M ofler haud, wust be sahisfied odey LJ order
w .



