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Preparing for next LHC run

o Jets are clusters of hadrons used as proxy for partons and crucially
enter almost every LHC analysis (Higgs, SUSY multijet signals,

missing energy tags, boosted objects and jet substructure, pileup
reduction, etc ...)

o This talk: new approach to study jets

« Some of these results shown at Boost 2013, will focus on new
developments since then
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Outline

« Counting jets without clustering
. Jets at the trigger level
« Trimming as a local weight

« Summary
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Counting jets with event shapes
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Counting jets with event shapes
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A physical picture

~ pTi
Niet(PTcuts R) = § ~O(pTi,R — PTcut)
. PTi,R
I€event

prir= Y prjO(R—ARy)

Jj€E€event

For infinitely narrow jets separated by more than R:

K/jet(pTcutv R) — Njet(pTcut: R) = Z e(PTjet - pTcut)

jets
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Transverse energy & missing transverse momentum
HT =3 icevent PTi ©(PTi,R — PTcut)

%T = |Zi€event 57—’ @(pTI,R - pTCUt)‘
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Jets Without Jets

F = Z Iiet G)(ijet - pTcut)
Jets f({p Vejer)
F= Pri FiRr O(pTi,R — PTcut)
N

PTi.R

i€event
f({ij@(RfARij)}jEevent)

. Locality — need only information in the neighborhood of each
particle

. Alternative characterization of an event

. New calculable properties
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Locality

Jets at trigger level

Event shapes allow to calculate jet properties locally = only information in
the neighborhood of each particle is needed

Neighborhood = circle of radius R around the "’r
particle A"
&V
Easily parallelizable, can use for low-level trigger
« Inclusive observables: Kljet, Hr, prv

o More exclusive information, individual jets py and axis?
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Locality
Jets at trigger level

Get jet axis and p1 from probability densities
(see also jet energy flow project [Berger,Berger,Bhat,Butterworth,Ellis, et. al. 2001])

no () =3"8(h -0 = ()= S PT5(h - Alg)

jets i€event PTi.R
/)HT E PTJet5 _jet) — ﬁHT () E prid(h — A} R)
jets i€event

r=recombination scheme, prc,t =0
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Locality
Jets at trigger level

. ﬁx(f?) = Zj wx; 5(ﬁ — ﬁ'lj), want O(n) distinct directions /] for an n-jet event

e Use a winner-take-all recombination scheme
(see [Larkoski,Neill, Thaler, 2014] for theoretical aspects of wta axis)

_ s _ i ifpri>pr2
p1r = P11+ PT2, np=4q. .
fio if pr2 > pr1
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Locality
Jets at trigger level

° ﬁx(f‘)) = Zj wx; (S(h — ﬁTJr), want O(n) distinct directions /] for an n-jet event

e Use a winner-take-all recombination scheme
(see [Larkoski,Neill, Thaler, 2014] for theoretical aspects of wta axis)

fy if pri > pr2

PTr = PT1 + PT2, ﬁrZ{A .
fo if pr2 > pr1
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Locality
Jets at trigger level

Event shape + local winner-take-all recombination (hybrid event shape)
gives individual jets p1 and axis
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Locality

Trimming as a local weight

Traditional trimming:
o Recluster jet's constituents with Rgy, < R and remove subjets whose

stub/ijet < f.cut

Shape trimming:

T PTi,R.,
te/vent = Z p,H S) (lb - fcut) @(PTLR - pTcut)

i€event PTi.R

Wi

o Trim by assigning a binary weight w; = 0 or 1 to each particle

o Can trim in “parallel” while computing an event shape
S = Zieevent s(plu) = Strlm = Ziéevent S(plﬂ) Wi
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Summary

Take home message: inclusive jet-based observables — event shapes
« Locality
o Only need information in the neighborhood of each particle, easily
parallelizable
o Hybrid event shapes give information about individual jets
« Viable way to define jets at trigger level?

« Trimming can also be recast as a local weight and used at trigger
level for pileup reduction

« This per particle approach to pileup reduction can be generalized to
include additional information (e.g. charged tracks, local area
subtraction) and used both at trigger and analysis level
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Summary

« Alternative characterization of an event

« Keep more information (overlapping jets) and algorithm independent

o Design new analyses, e.g. multijets with fractional Kljet
o Jet substructure

o New calculable properties
o Recast jet-based observables in a closed form

« Infrared and collinear safe

« Jet-based observables — event shapes for infinitely narrow jets
Expect similar factorization and resummation properties

o Fractional Njet sensitive to soft radiation only, calculate in QCD

*All jets without jets functions soon available as part of FASTJET contrib project
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Backup, the general strategy

Njet(PTcuta R) = Zjetse(PTjet - PTcut)

PTi
Njet(PTcut; R) = Zjets Z 7’ e(ijet - pTcut)
i€jet Tiet

—
~1

Zjets Ziejet - ZiEevent and PTjet = PTi,R

Njet(pTcuta R) = Zieevent %@(PTLR - pTcut)
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Backup, alternative way of defining jet pr

Define pr from the (pseudo)inverse of Ileet(pTcut)
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Backup, alternative way

of defining jet pr
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Backup, trimming as a local weight
Tree trimming:

M
tevent E Jet ijet - pTcut)

jets

PTijet

= Z Z Pﬁ;b@ (pTSUb - cut) O(PTjet — PTcut)

jets subjets

Make replacements:

Iz iz
° Zjets Zsubjets Psup — Zieevent Pi
e PTjet = PTi,R: PTsub — PTi,Rup

Shape trimming:

th
pT/,

i€event
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Backup, trimming as a local weight

Test mass resolution on boosted top sample + QCD background
(BOOST 2010 samples)

« R=1, prcut =200 GeV, Ryyp = 0.2, foyr = 0.05
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Backup, trimming as a local weight
Test pileup mitigation on pp — Z(vv)j sample
« R=1, prcyt =500 GeV, Ryyp = 0.2

« Test different values of fot

PP — Z(vi)j

500,
—— No trimming
4000 - Tree trimming, fc, =005
—— Event shape trimming, fq,=0.07
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