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For the next decade the focus of particle physics phenomenology will be 
on the LHC.  The LHC will be both very exciting and very challenging -

Åaddressing a wealth of essential scientific questions 

Åwith new (not understood) detectors

Åoperating at high energy and high luminosity

Åmost of the data will be about hadrons (jets).

Theory and Experiment must work together to make the most of the data.

Big Picture:

Steve Ellis



Outline

ÅWhy jets?

ÅOld and New lessons for Cone and Recombination (kT) 

jets

ÅUnderstanding jet masses & substructure

ÅSearching Beyond the Standard Model using single jets

Ý Pruning to improve searches
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Essentially all LHC events involve an important hadronic component, 
only                avoids this constraint

The primary tool for hadronic analysis is the study of jets, 
to map long distance degrees of freedom (i.e., detected) onto 
short distance dof (in the Lagrangian)

Jets Used at the Tevatron to test the SM/QCD, and many lessons were 
learned ïQCD is correct but jets have systematic issues 

Jets will be used differently at the LHC 

new detectors ïneed to understand them, may be better for 
jets

look for BSM physics in single jets (non-SM-ness), use 
properties of jets ïmasses, substructure to tag non-QCD jets

better theoretical understanding (eg., G. Salam, et al.) Ý new 
algorithms but need to understand them in real detectors
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Why JETS?
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Jet Physics: The Basis of QCD Collider 

Phenomenology ïLooking Back

Short distance physics = simple 
(perturbative)

Long distance physics = complicated (all orders showering of 
colored objects, nonperturbative hadronization = 
organization into color singlets)

Correlated by Underlying Event 
(UE) color correlations + PU

Measure this in the detector

Want to talk about this

Stuck with this, small?
More long distance physics, 
but measured in pdfs
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Jets ïa brief history at Hadron Colliders

Å JETS I ïCone jets applied to data at the ISR, SpbarpS, and Run I at 

the Tevatron to map final state hadrons onto LO (or NLO) hard 

scattering, initially 1 jet Ú1 parton (test QCD)

Little attention paid to masses of jets 

or the internal structure, except for 

energy distribution within a jet

Å JETS II ïRun II & LHC, starting to look at structure

of jets: masses and internal structure ïa jet renaissance 
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Defining Jets ïNo Unique/Correct Answer 

ÅMap the observed (hadronic) final states onto the (short-distance) 

partons by summing up all the approximately collinear stuff 

(shower), ideally on an event-by-event basis.

ÅNeed rules for summing Ý jet algorithm

Start with list of particles/towers

End with list of jets (and stuff not in jets)

E.g.,

Å Cone Algorithms, based on geometry ïñnon-localò sum over core of 
shower

Simple, ñwellò suited to hadron colliders with Underlying Events (UE)  

Å Recombination (or kT) Algorithm, based on ñlocalò pair-wise merging of 
local objects to ñundoò shower 

Tends to ñvacuum upò soft particles, ñwellò suited to e+e- colliders 
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The good news about jet algorithms:

CRender PertThy IR & Collinear Safe, potential singularities cancel

CSimple, in principle, to apply to data and to theory

CRelatively insensitive to perturbative showering and hadronization

The bad news about jet algorithms:

DThe mapping of color singlet hadrons on to colored partons can 
never be 1 to 1, event-by-event! 

DThere is no unique, perfect algorithm; all have systematic issues

DDifferent experiments tend to use different algorithms

DThe detailed results (masses, substructure) depend on the 
algorithm 
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Different algorithms Ý different jets (same CDF event)

8EM,  Hadronic
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ñLook Backò at Lessons about the Systematics

Å Cone Algorithm ðparticles, calorimeter towers, partons in 

cone of size R, defined in angular space, e.g ., (y,j), 

Å CONE center -

Å CONE  i ÍC iff

Å Cone Contents Ý 4-vector

Å 4-vector direction

Å Jet = stable cone

Find by iteration, i.e ., put next trial cone at ( ),C Cy j
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Cone Algorithm ïfocus on the core of jet (1990 Snowmass)

üJet = ñstable coneò Ý 4-vector of cone contents || cone direction

üWell studied ïseveral issues

( )( ), ,C C C Cy yj j=

( ),C Cy j
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Think of as flow 

problem to the 

minima of the 

Snowmass 

Potential
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