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Y. Iu:.{:o('('a,ld' facts about the SCET La.arcu\g G

Residual qokge \WUairiace :

The SCET La.gvo.u%icw\. 15 "o Lowag invaciawt weder
arbitvary local qouce traugforiakiovs :

YY) — W YK

Ay —  Wwix) A"(x) Uf(x) + % U(x) (8"(&+(x))

T :
aoe g - £ e (Ve U'o)

The Touner frausforie ﬁcp) could conbrin Lsodes Wit
arbitvary beobulita (Iuc(,udu:hﬂ hard oues), whick would
mix wp the various wodes w Hee ETT. Houwever,

e SCET Ln.artws{m 15 wvariant (order bj order 1w A)
wnder @ sek of collinear; auh-collinear aud wliva-soft
qourge hms%wk&ﬁwﬁ) whack preseive e Sca,uua mekrﬁes
of +he various frelds. (It is also tmvarawt wnder
%Lokoi. qourqe ha.us{ormh:ous , of course.)

The oppropriake forue of Hee vesidual gouge Avaus-
forakions cam be obtaiwed by performing suitalde
expa.melows i the QD relakows shown above.,



Collouear  gauge hausforwcations:
U

.0 —  UW LK
%-Ac(v) E‘» U (x) n-Ac(x) U (x) +— 3 U(,(x)(n au (X))
AL 5 Ue ) A (x) U:(x) +-i U (x) (3';. U,,(x))
n-Ac(d) + e A (x)
ic» Uc(x)(n-Ac(x) + AL (x-)) U:(x) +-;—5 U (x) (h'3 U:(’d)

The Lost relakion com be rewritten n 4he forme:

u

¢ + 4 +
nA) = Uk nAcl) Up() + 5 U [ D, 00, U]

The wlhra-soft felds do wot 4vousforus ot all:

Ue
%(x) = ™

U The same 15 +rue «Far
A = Ak

awk - collcnear felds.

The colliwear Wilson Liwe {wcu\s%oru&s 0s:

Ue +
We(¥) —  Uelx) We(x) Ug(-22n) = Ucle) Welx)

Cousider qouge vassforuahious
Hat vanish ot wfiuity



Wtea - sofh qange translorimations:

Uus
L — U, k) &K

Uus

+
=S PA  WANECS

The colliuear qluon field tvausforns ag a background feold.
The  ulhra- soff Relds Avausforie in Hee wsual way:

U
g(us(“\ _; Uus (x) q»us(x)

U :
Ats (x vt Uy (x) A& (x) U:s (x) + g Vs & (af‘ U:s(‘))

NOR M Ha.e, ww,w Ul:LSOk L:u %msforus a9S:
Uus
Wel) = Uy ) Wel) Uy ()
Thas (—ou,ows -ftrow. Hee ‘Foc“'or Hat {ue 3()4.0& fizlA,s s
fe path-ordered exponenhial oll Lve of Hee sae
velue of x.:

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

(x+tf) = 4 & (x+4R) = & Rox= %



I‘l‘ :.S s’cm.-‘.zkkgovw& 49 5“0‘-‘) 'H“A* ﬂCc" 4Cu.s *’Lu-us ;3
invariawt  wuder theee residual qange trausfruahous.
Note, w qu\'ic,ulnr, Hat (as Aiﬂoxew\{a.l. operators )

Ue 1

o, = U 0L U

ng,

5 Uke c0h U o)
Ind, ¢ qonAd = Uels) (0D, ¢ gynAugtnr) Ue G

Uus
— Uy le) (40D, + ggneAygtxa) uts (x_)

Nowrenorialivabon tHeeorew:

There 15 G 'm;.poﬂ’a.d' difference betweew SCET awd
HQET- Iw -l-Le Q.bﬁé(&ce °$ u,b"ra.-sog' ;MJ'UQCA'JO‘LSJ “‘L

ebfectve Lagrawg e

Lty = T E inD 5 (0
v (Foadtu)eo X J dt (WL BE B ) (eeti)
+ (pure qlue terus ) B

is evact do all orders in A, ie. it does wot vecerve
awy  pouer corveckions | I fact, Hus Lagraugiaw

S8
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does wot contain oy small vako of socales | wulike
w HQET, where U Ds/jm, «1. By a Loreutz looost,
o stk of heghly boosted collcuear parkeles wity
wosenda  pho (W54,2)  cob be housforiwed b o
set of parheles witl wouewkn AR~ (3,%1).
Tlas | He L&zrwua(m ,Cc 1S, W fact, caua.ple.l-&l.;
equvalet o He QD Lq.gm.u@i%, and a5 a resuld
s verbices do wot recawe Guny hard w.d'cldwg,

covtechions .

Rewarkaboly , Huis statewent rewaims frue whew Win- goff
iwrerackous ave (wcluded.

Reparavelontahon (warauce:

The choice of Hee l/faklr— like reference vechrs wly 7
(Ws0=7) ni=2) in He coustruckon of SCET is not
wu'q,uz. For instance , one caw vescale:

N FUIE LI S U (m)

(with §~2°)



One cam also rotate w* or &' by swall ammowds away
fooue He 2-axis, Tw infuitesival foru.:

vJ‘ — h,h + A'; (I) V\,t‘ —> h,h (E)
A" — &t A" — wt+af
(AL ~ 7\) (KU" )\)

The wost gqeueral dansforuation is o coudotwahon of
these Huree.

The SCET Laﬁra.hﬂitua. 15 wvanawk wuder Hese
reporaeteritabon transforwabions as a Cousequence

of Lorewky (wowiance. The 4rausforwaows (T) aud (T)
relode e coefficlewts of opem:(-ors axfs{ug ot different
orders \a A,  Twanauwce wwder l-:,pc-][[' -\-«ws{?oma.-l{o%,

o He oMer haund, wust be sakshed oder by order
w A,
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V. Matduing of the 2-Jeb Curveuk

As o very ;u.u()or-l-aw} appl.ica;k'ov\ of owr fom..o..usu.c ,
we wow veconsider the process el — ¥ 2 feks.
Whot is the proper represewtakion of He vechor curredt
Tt i 9CET 2 The naive guess

Yoy — g ¥ E,

[

ot - collswear coloweav
Wk Qu.u‘k

18 wot qorrge twvartond  (n %CET‘ becouse 75'»\ aud Zw
tausforw wuder different sets of esidual qouge
tausbormakions. A Jouge - iwvariout curveut opexator

15

SABIOR N CARNG
To see MS, wote -Hud"‘

1 Ue t +
We() 5,060 — W () Up(x) U ) &, (x)

= W: (x) Ev\(x)

Uus t +
- uus (X_) wc (x\ Uu,s(x-) Uus (X-s ;u(x)

c U () Wi G 2,00
The auh - colliness {:JAA fﬁ\dz(x) "VWSFDM o Siualar Way.
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For the special cholce x=0 Hhe operbor is iwariast

weder oll Huree Hypes of Qouge tausformabions (¢, us).
The case x+0 15 & bit wore Hidxj, Siuce W requres

o wmulbpole e.xpa.ta.%iou of the wlliuear asd awk-colliuenr
Ledds Huewmselves (o see He $uboried ow THU).

The (ambk-) cdlinear Wilson Waes axe re{u}.trcA (ma

qosge wwariauce ; but whet do Heey repecseut P(urn'ca.“:’:
T fack, they accoud for ou (whide set of QCD graphs

of Hue ype

ete.

Despite He sty hewd propa.aq}ors, Heese &:a»gm.u..s
Conkoin M«»ﬁ—[:ower pleces A ’X, whicl (w He ETFT
ove accoumked for by He Wileow Wues.




To see how His works, cousider e oMachiwent of o
siwaL(, Colluwear al,uow fo amn ouh- collewear qucurk=

S

w(p) vq, €KYty —5— ”qg'&) ¥ u(y Pk
j - (n»p‘ Rok+ RPueks 2pck)
p W Sl S W ¥

([

-7 . K
) ige (e 3 W “ )b

o (R 0 LG k\1+qz>)xf‘ucp)
N A N

u(p’) KGC (-95t,) RE wf Y ulp) + power-suppressed ferws
=Rk p R-k 1

t_,,-a
Po= PK ! drop

%Ezr+7{'i;+ 'O

)
drop, swmee K ulp) o0 s su.ppmsseck

= w@ e (ﬂs*«"e““ ) o B+
—
%ro — - " t ‘fov«.‘g =
V\



The highWglded fackor is wotluug bud the oue- 3\uo«~
wotriy dewewd of the colliuear Wilsow liwe \dc

+ _ o
ol Wellekd = ol B exp (-ig¢ f ot T (tR)) | €1
opposite olrderiu.z Hhau for W,

-{,tn'k - 33 {a. Re(k) ‘/
n-k

= =i9sta E® [k e

Haed lu.o.;l'dn{vﬂ corfechons:

The 1-jet cwrrend carries a hord  wowewheue tvassfer
Pz -Q, Unlike for the SCET Lograngiow, we Huws
expeck ot tere doudd be a won-tiviel Wilsow
coefficient Cy(@") accounhug for the effecks of

hard qleows, which have beew iu’&ﬁmkc\ ouk, Le.:

Fel o) — Col@) (F- W)@ ¥ (W3, ) (o)
T
|

hord %u&u& ,CLuu‘ucd'Jms

Tlas is ndeed +He cowect velatiow ) but Hee q,uﬂs(—iou,
arises how sucdh a A.epcwigua of te Wisow



Cocfficient on  9°= (p- Pz)” cam arlse, siuce qj’
A,qse,uo\s ow e (&Ob«-&h’*a o( u:‘u (qu(m‘cles (.M,‘HA(_
low - euergy  EFT.

Thus 9(ues+iov» (s cownected Wwith auother Worry we
Wad  whew c,ous\‘ruo{-iu% SCET: the preseuce of
felds RA ~%, whA; o)X with wwseppressed
power couwking. Iu fack, He wfnite set

(5. (in2;) W] ¥ [uf (GR-0)™ 3](0)

of qouge- tvariamt operators | with Wy my € INy | can
equolly well arise n the tuotduug condition for the
Veckov™ Cuureut ot Leo&:uﬁ power (w A, (Lsfuj Hee
rebaklons

L .
Nc '\lv—\,'Dc NC - “'K'g

' (see p-45)
\“Z v W DE \}Jz = 4 vu%
these opemi‘ots col be rewviftew as:

[f W](O)( vhe 3) gf‘ (vin- 3) [ ](o)

= Givq Wy (o)



The wost geueval leadiuq - ocder watduug celatiow
15 thus of the forwe:

q‘"‘lr%‘o) - Z Z Cm,m, Oh‘umt(")

40"‘0

An urulvdau,{- way of wrl#iu.a Hls vesuld wees He

non-Local e.xpreesiom :

Y ¢ % (o)
— [dt, [dt, T (taty) [Tl (bn) 97 (W3] (o)

usfns the Taylor series

ftr) = 5 Q‘F(x)

§ :— (-3) $6)

X=o

we fud:

C

myy Jau;,jott C, (tyt,) (it ()

- co

We caw wow use fhe fact that the (mge Cousponest
of He totad (auk-) ollinear uwuaeutuse of eack
feb Cor tn eadh sechor) (s fixed by kivewates,
Let ws call these wowenda W awd w T, We



cone Mew uwse dranslokiowal iwvariauce do weite:
[t [ty Tylboty) [ (bn) 97 (W3] (&,R)
T T~ b P iR P
[ate [at, Ty(haty) @ 1078 M

- ¢ (T W) 0 ¥ (W53, (o)

Coln®, 7 2) (F: W)@ ¥ (Whs,) ()

Type - I reparametentakon (wvoriauce fegulces Heat
the coefficient Cy can only deped ou fle produck

O(F ;&‘5 {-wo o.vauueu-{'s: as dgquluc

2 (S

nFrl ~-9=Q

Hemee ; we have denved e m{-&iuj coudition ghowun,
ow p.bk.

Note:

Tu the Utonture e objecks W8, aud w-8 arve oftew
CA,u,t d " l,a.‘o d o(xmbrs" ) Tl.,esc ope.rdors Plro‘fed' ou('

te lauge couponeds of He suwe of oll (ark-) colleucar

parkicles (w o %Iveu process,



