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JetJet SubstructureSubstructureJetJet SubstructureSubstructure

• Understanding the substructure 
of jets is crucial for LHC 
phenomenology

• It is important for new physics 
searches

distinguish jets coming from d st gu s jets co g o
decays of boosted resonances 
from QCD jetsQ j

• Jet shapes enable us to look at 
energy distributions inside a jetenergy distributions inside a jet



State of artState of artState of artState of art
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Jet Mass Spectrum with ExperimentJet Mass Spectrum with ExperimentJet Mass Spectrum with ExperimentJet Mass Spectrum with Experiment
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MCMC vsvs Analytical ApproachAnalytical ApproachMC MC vsvs Analytical ApproachAnalytical Approach

l h• MC simulations using parton showers
provide fully differential events on which any observable 
can be measured

 interfaced with hadronisation to give a realistic description

 formally LL (although contain many sub‐leading terms)

• Analytical Calculationy
 feasible for a limited number of observables

well defined and improvable accuracy, which often exceedswell defined and improvable accuracy, which often exceeds 
the MC one

 they can help development and validation of MC toolsy p p

The two approaches are  complementary !



FactorizationFactorization Energy ScaleFactorizationFactorization

Observed Jet



Color StructureColor StructureColor StructureColor Structure
R. Kelley & M. D. Schwartz, PRD83, 045022



Hard FunctionHard FunctionHard FunctionHard Function

R. Kelley & M. D. Schwartz
PRD83, 045022

off‐diagonal

diagonalize

RG equation in diagonalized basis:



Jet AlgorithmJet AlgorithmJet AlgorithmJet Algorithm

p= -1 : anti-kT

p= 0 : CA

p= 1 : kT

boundaryboundary 
clustering change 
the jet boundary 

by O(1)

R. Kelley et al., JHEP 1209,117



Jet FunctionJet FunctionJet FunctionJet Function

QuarkQuark

Gluon

Phase space:

Zero‐bin subtract: 
avoid double counting of soft sector



NLO Soft FunctionNLO Soft FunctionNLO Soft FunctionNLO Soft Function



RefactorizationRefactorization of Soft Functionof Soft FunctionRefactorizationRefactorization of Soft Functionof Soft Function
The soft gluon in/out the cone correspond

Energy Scale

The soft gluon in/out the cone correspond 
to  different scales
R. Kelley, M. D. Schwartz & H. X. Zhu  PRD87, 014010y, ,



RG invarianceRG invarianceRG invarianceRG invariance



Jet Mass Spectrum at FixedJet Mass Spectrum at Fixed OrderOrderJet Mass Spectrum at FixedJet Mass Spectrum at Fixed‐‐OrderOrder



NLLNLL ResummationResummationNLL NLL ResummationResummation

R. Kelley, M. D. Schwartz 
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Out LookOut LookOut LookOut Look

• Resummation at NNLL 

• Scale choices and matchingScale choices and matching

• Non‐global logarithms

• Distinguish quark jet and gluon jet

• Compare our results with the experiment andCompare our results  with the experiment and 
MC tools



Thank you!Thank you!


