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Since the LHC is set to operate at over 10 TeV, measurements can 
be sensitive to long distance (LD) scales as low as ! QCD ~ 1 GeV 
and to short distance (SD) scales of the order 10 TeV.  Effective 
Field Theories can be used to factorize these scales. 

Factorization is achieved by matching operators in the full theory 
(FT) onto operators in the effective theory (EFT):

This allows:

1) resummation of logs of ratios of disparate scales; and,

	

 2)	

separation of perturbative from non-pert. contributions.

Soft-Collinear Effective Theory (SCET)

The Modes of SCET:
The SCET lagrangian is obtained by matching QCD onto an EFT 
with only collinear modes for each jet direction and soft modes. In 
terms of a parameter "  << 1 that parametrizes the p!  of a jet:

The modes (in light-cone coordinates) and their virtualities are:

Event Shapes as probes of Substructure (arXiv:0901.3780):
For the simple case of two jets defined by a simple “hemisphere jet 
algorithm” in an e+e- collider,  we have investigated a class of event 
shapes called angularities, which interpolate between (and 
extrapolate beyond) thrust and jet broadening, defined as:

The jets that dominate the angularity distribution  are characterized 
by a  p!  that varies with a:

Knowing the value of #a of a jet for all values of a gives the profile 
of the jet.  A study of angularities is thus a study of the structure of 
QCD jets. This can help improve our understanding of how to 
eliminate QCD initiated background jets from jets arising from the 
decay of new physics particles.

For all values of the parameter a, there are large logs of #a that 
dominate the #a-distribution and were resummed to NLL using 
SCET.

Another important property of angularities is that SCET can be 
used to prove that non-perturbative effects on (the first moment 
of) the angularity distribution are universal across all values of a. 

Factorization with Jet Algorithms (arXiv:0808.2191):
At the LHC, event shapes are less interesting since it is not feasible 
to study the full 4$  solid angle. Instead, isolated jets are defined 
with the use of jet algorithms. We showed how to incorporate jet 
algorithms into factorization formula so that SCET can be applied 
to hadronic colliders with the help of the energy-flow operator,  
which gives the energy profile of the final state as a function of solid 
angle:

An application: quark vs. gluon jets (in progress):
We are currently trying to understand the degree to which quark-
initiated and gluon-initiated jets differ by studying the angularities of 
individual jets. This can be helpful not only for new physics searches but 
also for things like improving PDF determination.

Many complications arise in a full multijet analysis at the LHC. In order 
to isolate some of these complications, we are currently confining our 
study to 3-jet production in e+e- collisions using modern jet algorithms 
to define the jets. 

Our preliminary Pythia simulations show that with using a single 
angularity (any one value of a) one can get, for example,  a ~10/1 
enrichment of quark jets over gluon jets by throwing away ~80% of 
quark jets and ~98% of gluon jets.

By using multivariate analysis techniques to study how multiple values of 
a can be used in tandem, we are finding that this enhancement can be 
improved a factor of ~2-3.

Extension to the LHC (in progress):
Many of the techniques we are developing will carry over 
straightforwardly to the LHC. In fact, most of our calculations of 
discriminating quark and gluon jets apply equally well to the case of a 
single jet produced with one or more gauge bosons. In addition, many of 
the things we are examining should carry over for an arbitrary number 
of jets such as the size of the relative power corrections induced by 
using various algorithms.

However, the particular choice of angularities as a jet observable is not 
well suited for the LHC. In particular, they not invariant under boosts 
along the beam axis and hence are sensitive to the boost of the partonic 
center-of-mass frame. We are investigating whether other classes of 
observables can be defined that, like angularites, show sensitivity to the 
substructure of jets and receive universal non-perturbative corrections, 
while having the additional property of boost invariance along the beam 
axis.

Jets in Effective Field Theory
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Applications of SCET to Jet Substructure
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Effective Field Theories and Factorization
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