Jets at the LHC: Looking Forward
and Backward

Steve Ellis

Big Picture:
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 -
Aaddressing a wealth of essential scientific questions
Awith new (not understood) detectors

Aoperating at high energy and high luminosity
Amost of the data will be about hadrons (jets).

Theory and Experiment must work together to make the most of the data.
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A Why jets?

A Old and New lessons for Cone and Recombination (kT)
jets

A Understanding jet masses & substructure

A Searching Beyond the Standard Model using single jets

Y Pruning to improve searches
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@ Why JETS?

Essentially all LHC events involve an important hadronic component,
only zj- ni rravoids 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 T QCD is correct but jets have systematic issues

Jets will be used differently at the LHC

new detectors 1 need to understand them, may be better for
jets

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

better theoretical understanding (eg., G. Salam, et al.) Y new
algorithms but need to understand them in real detectors
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4.t Jet Physics: The Basis of QCD Collider
Phenomenology i Looking Back

Long distance physics = complicated (all orders showering of
colored objects, nonperturbative hadronization =

organization into color singlets) \
Measure this in the detector W
pdf
Short distance physics = simple 2, 7, Fragmentation
(perturbative) - fet

Want to talk about this —

Correlated by Underlying Event
(UE) color correlations + PU \ %

Stuck with this, small? _ _
More long distance physics,

but measured in pdfs
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¥ Jetsi a brief history at Hadron Colliders
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A JETS i Cone jets applied to data at the ISR, SpbarpS, and Run | at
the Tevatron to map final state hadrons onto LO (or NLO) hard
scattering, initially 1 jet U 1 parton (test QCD)
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Little attention paid to masses of jets & o6l

. [+
or the internal structure, except for £oab e CDF data
. . . ey . T ——— p=Er, Rsep=2R
energy distribution within a jet 0ah” — B2, Rip=2R
. hoEr/4 Rerei 3R
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FIG. 2. F(r,R,Er) vs r for R=1.0, V5=1800 GeV,
Er=100 GeV, and 0.1 <|n|<0,7 with u=Er/4, Et/2, Er
compared to data from CDF [7]; the dot-dashed curve is ex-
plained in the text.

A JETSIIi Run 1l & LHC, starting to look at structure
of jets: masses and internal structure i a jet renaissance
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'fﬂfjﬁ' Defining Jets T No Unique/Correct Answer

Aviap 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.

ANeed rules for summing Y jet algorithm
Start with list of particles/towers
End with list of jets (and stuff not in jets)

E.g.,

A Cone Algorithms, based on geometryi indmc al 0 soweraf ov e
shower

Si mp !l e ,suitédwoenhdfom colliders with Underlying Events (UE)

A Recombination (or kT) Algorithm, based onii | o ¢ a-Wise merging of
| ocal obj eshobvwer t o Anundoo

Tends to fivacuumiuwegduitedto é+e-cqalliderst i c | e
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C Render PertThy IR & Collinear Safe, potential singularities cancel
C Simple, in principle, to apply to data and to theory

C Relatively insensitive to perturbative showering and hadronization

The bad news about jet algorithms:

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

D There is no unique, perfect algorithm; all have systematic issues
D pitferent experiments tend to use different algorithms
D The detailed results (masses, substructure) depend on the

algorithm
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Event 1860695 Run 185777

ANL/IIT Joint CP09 Workshop
S.D. Ellis 5/20/09

Only towers with E; > 0.5 GeV are shown
, Hadronic

Raw Jet P, [GeV/c]
— JetClu R=0.7
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WNnLook Backo abbuttheSystematss

| Cone Algorithm i focus on the core of jet (1990 Snowmass)

UJet = s tYadJeaor o comeeantents || cone direction

U Well studied i several issues

A

Cone Algorithm & particles, calorimeter towers, partons in
cone of size R, defined in angular space, e.qg., (v./),

CONE center - (y°/ °)

CONE i / Ciff pg 1\/(9 )V (# FY F

Cone Contents Y 4-vector PS=3 p,

iEC

et ePc+P° g _ ep’
4-vector direction y©=05Ing2 2 &/ ° =arctag-L
e -k eR

Jet = stable cone  (y°,7¢)=(y°, /)

Find by iteration, i.e., put nexttrial coneat  (y°./°°)
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