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Jets at RHIC vs LHC

tjet

Au+Au 0-20% p™© ~ 21 GeV

ies the jets have much less soft
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Theoretical Approaches

PQCD
Thermal Field Theory
Lattice QCD

Hydrodynamics
AdS/CFT correspondence

We will construct effective theory for
perturbative calculation of jet energy loss



Motivation

ALICE collaboration, |1 1-12/2010
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| Improved jet quenching
phenomenology

| Effective theory valid for
calculations of radiative

and collisional energy
losses

| Factorization of medium-
induced splittings

| Gauge invariance



An effective theory for jets in the medium



Soft Collinear Effective Theory
1A , Ac, Ag Bauer, Fleming, Luke, Pijrol, Stewart, 00
QCD! SCET p.! (121212 p.! (L,'251)

| Soft Collinear Effective Theory (SCET) is an effective theory of QCD
that describes the dynamics of highly energetic quarks and gluons

| |deally suited for highly energetic jets

I In QCD one uses the full theory Lagrangian and performs high energy
expansion diagram by diagram

el SCET Lagrangian captures the leading power of QCD and so, no
further expansion needed

| In addition one gets all the benefits of effective field theory: higher

symmetries, straightforward way to incorporate power corrections,
power to resum large logarithms

el 1000+ papers exist on using SCET for hadron and lepton collisions
el ~5 papers on using SCET in the medium



Gyulassy-Wang model

Gyulassy, Wang, 94

[ A simple model of medium has
a finite number of scattering
centers with a static Debye-
screened potential

| It helps us understand that SCET
needs to be expanded in order
to correctly describe jet
properties in the medium
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What we want from effective theory

¥ The goal is to construct aaffective theoryfor highly energeticjuarksand
gluonsin the medium

¥ Lagrangian that describes elastic scatteringuafrksandgluonsfrom the
medium scattering centers

¥ SCETis a good start

¥ Need to add theGlaubergluons to theSCETLagrangiarBCEE
q! (1%,14,1)

Glaubergluons have to be integrated out of the theory: effective potentic



Other papers onSCETE
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¥ n-collinear jet
¥ n-collinear source of Glauber gluor

¥ covariantlight-cone gauge

¥ Probability density of the
scattered jet is equal to exp.valt
of two Wilson Lines

¥ Derived in thecovariant gauge



Lagrangian ddCEE

The SCETLagrangian contains everything :)
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All we need in order to derive all interactions betweenllineafandsoft)
particles withGlaubersis the scaling rule for the vector potential

covariant gaugeA‘(i3 L (14,12,13)

Anti-collinear source ofslaubers
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Lagrangian &dCEE
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¥ Our Glauber Lagrangian is invariant under the gauge symmet
Of SCET Lc(nAn#®" Lo Wi Bn(An).# # Lo ($n.Bn.#)

¥We will use thestatic sourceand three gauge choices:
¥covarianfAg, Ac)

¥light-con€Ac, Ac) and

¥hybridAc"=0, covariant(4s))



Feynman rules & CETE

from Lagrangian
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Medium-induced splitting kernels

GO, Vitev, 2011

+ 2Re ®_é;_<|-®_@< X®—<

We pay special attention to

proving the factorization of the + %ﬂ“ ®—®<
splitting from the production ) )
probability

Using effective theory SCET it is
a straightforward task to
calculate the medium-induced
splittings
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Radiative energy loss at first order in opaC|ty

|
Aprem = "J|T Bn(xg) e IX(LEP #5508 )15 ey

An approximate formula in small x
approximation for LPM effect has
been derived in GLV, 00

Later extended to initial state
interactions in Vitev, 07
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Medium-induced splitting kernels
GO, Vitev, 2011
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Taking the small x limit
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In the small x approximation the 4 splittings reduce to only 2,
which coincide with the results derived in GLV, 00



Future Outlook |
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Vitev, Gyulassy (2002) Vitev, Wicks, Zhang, 08

! GLV prediction from 2002 describes the trends of Alice

data remarkably well

! Vitev, Wicks, Zhang 08 prediction qualitatively agrees

with new CMS data on jet shapes in the medium

! Currently we are working on implementing full x
medium-splittings (need beyond energy loss)



Future Outlook Il

Cascade 1! 2 Cascade 1! 2(AO)

| Angular ordering is a well-known effect used in parton showers
like Pythia and Herwig

el Using SCET we derived 1! 3(catani, Grazzini 99) splittings and
compared to cascade of 1! 2 splittings

| Angular ordering can be viewed as a practical prescription to
improve the precision of parton shower

I Similar calculation in the medium using SCET is coming soon
(Fickinger, G.O., Vitev)



Conclusions

I We constructed effective theory applicable for jets(quark

and gluon) in the medium

Il We derived all medium-induced kernels beyond the

small x approximation

I We derived the factorization of splitting from the hard

production

Il We explicitly checked the gauge invariance of jet

broadening and radiative energy loss

I We showed how phase-space cuts and nuclear recoil can

be incorporated

These advances put jet quenching phenomenology on
stronger grounds and will lead to higher accuracy of
theoretical predictions



