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Abstract: <span>Jets are key tools for physics at the LHC. Usualy, jets are identified through a jet algorithm. In this talk, | will present an
alternative way of thinking about jets, by showing how a broad class of inclusive jet-based observables can be replaced by event shapes. These event
shapes do not require any jet clustering, but they still implement ajet-like pT cut on "jets’ with an R-like radius. | will discuss various applications,
including event selection at trigger-level, event-wide trimming, and alternative definitions for boosted objects identifiers.</span>
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Preparing for next LHC run

Where do we stand after the first LHC run?
« Need to pin down Higgs properties

« Need to fully explore EW scale: non-minimal Higgs sectors?
New dynamics?

Jets are clusters of hadrons used as proxy for partons and crucially enter
almost every LHC analysis

- Higgs hadronic decays

- Multijet final states (e.g. SUSY)

- Heavy resonances decays (e.g. heavy Higgses, top partners)
. Missing energy tags (e.g. SUSY, dark matter searches)

- Removing contamination from soft hadronic activity (pileup)

This talk: new approach to study jets

Daniele Bertolini (MIT) Jets Without Jets 12-04-2013 2 /20
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Do we need a new approach?

Standard approach:
- jet = cluster of particles

- jet algorithms provide clustering rules

A physics case for the need of a better approach: overlapping jets in
multijet events, e.g. how many jets in this event?
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Outline

Counting jets without clustering

. A general strategy for any inclusive jet-like event shape

« Irimming with event shapes

Individual jets

« Summary and remarks

Daniele Bertolini (MIT) Jets Without Jets 12-04-2013
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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

Kljet(pTcuta R) = Z ﬂG)(I::"Ti,l-'\" — PTcut)

icevent pT”R

PTi.R = Z P71 ©(R — ARj)

JEevent

For infinitely narrow jets separated by more than R:

Njet(pTcut- R) — N_jet(pTCllt' R) — E @(ijet — pTcut)

jets
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The general strategy

inclusive
lvjet(pTcut- R) — § :jets@(ijet - pTcut) — Jjet
variable
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The general strategy

/Vjet(pTcut- R) - Zjetse(p-rjet - pTcut)
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The general strategy

Njet(pTcut- R) - Zjetse(p-rjet - pTcut)

IVjet(pTcuta R) ]
icjet PTijet
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The general strategy

inclusive

/Vjet(pTcut- R) — Zjetse(ijet - pTcut) — jet
variable

jet(pTcuta ) — Zjets E ] (ijet — pTcut)
icjet PTijet
~1

Zjets Ziejet — ZIEevent and PTjet =7 PTi.R

- ) event
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The general strategy

Any inclusive (i.e.summed over all jets) jet observable

J = Z -F:iet e(PTjet — pTcut)
jets G
f({p; }icjet)

can be turned into a jet-like event shape
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Transverse energy & missing transverse momentum
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ﬁT - |Zi€event 57_" e(PT:’,R - pTCUt)I

Relative occurrence

0.15

0.10

0.05

0.00

PP — jj
R = 0.6,prcut — 25 GeV

| === Hy (Anti—ky)
 — H ; ( Event shape)

| [——
[ ——

-

0.15

0.10

0.05

Relative occurrence

0.00

0

20 40 60 80 100 120

Daniele Bertolini (MIT)

Pirsa: 13120052

140

Jets Without Jets

pp — Z(ri7)j
R — 0.6, prcut — 25 GeV

L]

0

e pyp (Anti—kp)
| — p, (Event shape)

20 40 60 80 100 120
proipy 1GeV]

12-04-2013

Page 14/27

9 / 20



Mirror Screens

Trimming with event shapes

Grooming methods aim to remove soft wide-angle radiation from a jet:
« Improve mass resolution for boosted objects

« Reduce jet contamination from ISR, UE, pileup

« On the market:

» Filtering and mass drop [Butterworth,Davison,Rubin,Salam 2008]
» Pruning [Ellis,Vermilion,Walsh 2009]
» Trimming [Krohn,Thaler,Wang 2010]

------

Traditional “tree trimming’ : @ P/PE < fou it g
« Recluster jet's constituents with Ry, < R

- Remove subjets whose prsub/Prjet < feut

Daniele Bertolini (MIT) Jets Without Jets 12-04-2013 10 / 20
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Trimming with event shapes
Tree trimming:

téi/er1t — E Jete(ijet — pTcut)

jets

=3 > pwo (B -

jets subjets PTjet

Make replacements:

7
Z_lets Zsubjets psub ZiEevent Pj
e PTjet —7 PTi,R» PTsub —7 PTi,R.pb

Shape trimming:

L z : PTi. R
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event pT,

icevent
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Shape trimming as weight assignement

icevent ~

-

g 1) E : L PTi.R.,
teﬂxent - pf © <—b f;:ut) e(PTi,R - pTcut)

W

- Irim by assigning a binary weight w; — 0 or 1 to each particle

« Can trim in “parallel” while computing an event shape

S= > s(pf')y=8""= > s(p}')w;

Icevent Icevent

« Can generalize binary case and combine with other
theoretical /experimental weights
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Shape trimming

Test mass resolution on boosted top sample + QCD background

(BOOST 2010 samples)

« R=1, preut = 200 GeV, Reup = 0.2, fiyr = 0.05
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Shape trimming

Test pileup mitigation on pp — Z(vi7)j sample
e R=1, prcut = 500 GeV, Rs,p = 0.2
. Tlest different values of f- ¢
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Individual jets

Despite this framework is designed for inclusive observables, we can still
get information about individual jets

. Jet pt: define pr from the (pseudo)inverse of Kljet(prcut)
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Individual jets

Despite this framework is designed for inclusive observables, we can still
get information about individual jets

. Jet pt: define pr from the (pseudo)inverse of Kljet(prcut)

n\' jot N et

= Nict(Prew) (ANLLI=k7)

= N i (Ppran ) (Event shape)
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Individual jets

pT distribution of the two hardest jets in pp — jj
R = 0.6, p7rcut = 25 GeV
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Individual jets

. Jet axis: use probability density
r—=recomb.scheme
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Individual jets

. Jet axis: use probability density
P N .. (?7) — Zjets 5(?7 = ﬁjret) e(ijet — PTcut) r=recomb.scheme
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PP » 1. R 0.6, prcut 25 GeV
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Summary and remarks

Properties and future developments of jets without jets approach

New: alternative characterization of the event

« Any inclusive jet-based observable can be turned into
an event shape (Njet, H7, trimming. ..)

« Keep more information (overlapping jets) and algorithm independent

« Implemented as FASTJET contrib package

« Design new analyses, e.g. multijets with fractional Njet

e Jet substructure

Daniele Bertolini (MIT) Jets Without Jets 12-04-2013 18 / 20
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Summary and remarks

Properties and future developments of jets without jets approach

Local: Requires only information in the neighborhood of a particle

—~—

- Easily parallelizable, can use Nje, H, trimming in low-level trigger

e Pileup will be critical in next LHC runs, extend shape trimming
with area subtraction

e Generalize weights to include additional information,
e.g. charged tracks
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Summary and remarks

Properties and future developments of jets without jets approach

Analytic: recasts jet-based observables in a closed form

« Can get full functional dependence on R, prcut-
Useful to get information about individual jets

e Infrared and collinear safe

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

« Explore variability with R
« Explore analytic structure (e.g. non-integer jet multiplicity)

« Can recast intrinsically recursive algorithms (e.g. pruning, mass-drop,
exclusive k1) as event shapes?
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