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Coupling to ultra soft gluous

Besides the collinear Lagrangian the leading order SCET

Lagrangian contains interactions of collinear fields with
the component n Aus of the ultra soft gluon field

fetus In gs n Aus In pureglue terms

Let us look at the structure of these interactions in
more detail
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I suppressed compared
with collinearmomenta

In the method of regions it is important that we
expand the Feynman integrands consistently to

leading order in 1 This means that we should

expand
Ñ 12 1 12 A

pit pit kits n pct n Kus I ñ Path Kus Pal kist

n pctnokus t.pe Pcl higherorders

mustexpandpd Kist kt nok
away



2Thisimplies that 4 momentum is not conserved at the

vertex

Pc s7 pcpckust
Kus

To implement this rule at the Lagrangian level we

must perform a multipole expansion of the ultra soft
fields whenever they interact with collinear fields

XmuncdotX2overlinenmuoverlinencdotX2muXbotmu

equivxmuxmuxbotmulambda2 lambda1 in interactions
withcollinearfields

1

since X pcsim1 I

lambda1lambda2

Rightarrowphiusleftxrightphiusleftxrightxbotcdotpartialbotphiusleftxrightleftxcdotpartialxbotmuxbotnupartialmubotpartialnubotrightphiusleftxrightldots
2lambda21 lambda2 lambda2lambda2

generates series of higher order terms in
lambda

At leading order in
lambda the correct form of the effective

Lagrangian thus contains

1
Lctusleftxrightoverlinexinleftxrightoverlineh2gsncdotAusleftxrightxinleftxright pureglue terms
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For the vertex shownabove the action folk Lotus x
generates nix nokus E n Kus Kust

fix e
Pd Pc x FX

guy e
Pd Pc Kust

2x 8 p Pc Kust

Leading order SCET Lagrangian

Collecting our results and adding back the anti
collinear sector we obtain

SCET In in Do n x

0

In D Wc x It Wct D E x tñ

same with n ñ c e Le

Fus iDusqus x us

In x El gs n Aus X_ u x fetus

In x gsñAus ñ x Lotus

pureglueterms same structure
as above

Note the important fact that ultra soft quarks
do not interact with collinear fields at leading order



4Inprinciple it is possible to go to higher orders in

the expansion in
lambda

a topic of intensive current
research but we will focus on the leading terms

in this course
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Feynman rules

p ioverlinencdotpC n_2ncdotpoverlinencdotpp12i0pnipp2i0pn
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C rangle

p pcigstaleftnmufracgammabotmupbotoverlinencdotpoverlinenmupbotpbotoverlinencdotpoverlinencdotprightoverlinen2
C C

any numberof collinear
gluous due to Wcc complicatedC

ranglepp

plus pure glue and ghost vertices

please study part II Propertiesof the SCETLagrangian
as a reading assignment to learn more about SCET



5IMatching of the 2 Jet

CurrentAsan important application of our formalism we now

reconsider the process etegamma 2jets What is the
proper representation of the vector current overlinepsigammamupsi in
SCET The naive guess

overlinepsigammamupsioverlinexioverlinengammabotmuxinLambda
collinear

quarkanti
collinear

quarkisnot gauge invariant because xin and xioverlinen transform
under different sets of residual gauge transformations
see reading assignment A gauge invariant current

operator is

leftoverlinexioverlinenWoverlinecrightgammabotmuleftWctxinright
The anti collinear Wilson lines are required by
gauge invariance but what do they represent physically
In fact they account for an infinite set of QCD graphs
of the type

hh7sh h
etchhhhJ7
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6Despitethe many hard propagators these diagrams
contain leading power pieces in

lambda which in the EFT

are accounted for by the Wilson lines

overlinecC

C overlinec
c

To see how this works consider the attachment of a

single collinear gluon to an anti collinear quark

psimleft1lambda2lambdarightksimleftlambda21lambdarightEsimleftlambda21lambdarightp7begincasesmupkghogxkfraccendcases
C

lambda2

lambda2p2k2leftncdotpoverlinencdotkoverlinepicdotpncdotk2pbotcdotkbotrightoverlineuleftprightigsnotinleftkrighttaileftpkrightleftpkright2gammamuuleftpright
v lambda2 lambdalambdalambda2lambda0 lambda0

overlineuleftprightigsleftoverlinencdotvarepsilon2xncdotvarepsilonoverlinen2varepsilonbotrighttai leftpkright2lambda0 lambdalambda2

timesleftbeginmatrixoverlinencdotleftpkrightnlambda2lambda02endmatrixrightncdotleftpkrightoverlinenleftpkrightbotgammamuuleftprightlambdalambda2lambda0

overlineuleftprightnoverlinenleftgstarightoverlinencdotvarepsilonncdotpgammamuuleftpright power suppressedterms

0noverlinen2muoverlinen2ngamma1mu dropPnPoverlinen



7ndropsince xuleftprightsimeq0 is suppressed

overlineuleftprightPoverlinen Gsta beginmatrixoverlinencdotvarepsilonleftkrightoverlinencdotkendmatrixgamma1muPnunleftprightldots
from xinpnpsicfrom overlinexioverlinenoverlinepsioverlinecPoverlinen

The highlighted factor is nothing but the one gluon
matrix element of the collinear Wilson line Wc

leftlangle0Wcleft0rightvarepsilonkrightrangleleftlangle0overlinePnright exp leftigsint_infty0dtoverlinencdotAclefttoverlinenrightrightvarepsilonkrangle
opposite ordering than for Wc

igstaoverlinencdotvarepsilonleftkrightint_infty0dteitoverlinencdotkgstaoverlinencdotvarepsilonleftkright
Hard matching correctionsbeyond tree level

The 2 jet current carries a hard momentum transfer

q2Q2 Unlike for the SCET Lagrangian we thus

expect that there should be a non trivial Wilson

coefficient CvleftQ2right accounting for the effects of
hard gluons which have been integrated out i e

overlinepsigammamupsileft0rightCv1leftQ2rightleftoverlinexioverlinenWoverlinecrightleft0rightgammabotmuleftWcxinrightleft0right
hardquantumfluctuations


