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Introduction

» Two ways of characterizing a hadronic final state:

1. Run a jet algorithm — “standard jets", jet-based observables
[Jet multiplicity, Hr, p’7'_‘iss, jet mass, etc...]

2. Event shape observables
[N-jettiness, energy correlation functions (see Andrew Larkoski's talk), etc...]

» This talk: systematic way to turn (a certain class of) jet-based
observables into event shapes
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Counting jets with event shapes

pp— Jjj @ /s =8 TeV 0.7

Count jets with R = 0.6 and min
transverse momentum pro = 25 GeV

Relative occurrence

0.0
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Counting jets with event shapes

pp— Jjj @ /s =8 TeV 0.7r= : :
— Njer (Anti—kr)
Count jets with R = 0.6 and min g 06/ — N ju (Bvent shape)
transverse momentum pro = 25 GeV é
- pri
Niet(PT0, R) = Z —O(p1i,r — PTO)| ¢
: PTi,R e
I€event T
04
PTi.R = Z p7i ©(R — ARy)
j€E€event 4
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Counting jets with event shapes
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A physical picture

_ pri
Niet(p10, R) = § ——0O(p1i.Rr — PTO)
. PTI,R

1€event

PTi,R = EjEevent PTj @(R - AR’J)

For infinitely narrow jets separated by more
than R:

Kﬁet(PToa R) = Z e(PTjet — pT0)

jets

This is exactly the number of jets!
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Deduce a general strategy

inclusive

L. Niet(p10, R) = >_jc:c©(PTiet — PTO) «~ jet
observable
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Deduce a general strategy

inclusive

1. Njet(pTO) R) = Zjetse(ijet - PTO) <~ jet
observable

PTi
2. Niet(pr0, R) = Zjets — O(pTiet — PT0)
o PTiet
icjet
N———
~1
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Deduce a general strategy

inclusive

1. Njet(pTO) R) = Zjetse(ijet - PTO) <~ jet
observable

PTi
2. Niet(pr0, R) = Zjets — O(pTiet — PT0)
o PTiet
icjet
N———
~1

3. Zjets Ziejet - ZIEevent and PTjet — PTi,R
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Deduce a general strategy

L Niet(p10: R) = > icts©(PTiet — PT0)

PTi
2. Niet(pr0, R) = Zjets — O(pTiet — PT0)
o PTiet
icjet
N———
~1

3. Zjets Ziejet - ZIEevent and PTiet = PTi,R

4' Njet(pT07 R) = ZIEevent PTi,R e(pTI pTO)
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Transverse & missing transverse momentum

HT = Zieevent PTi e(pTi,R - PTO)

P = | icaen BTi ©(PTiR — PTO)|

pp — Jjj pp — Z(vD)j
R =0.6, pro = 25 GeV R =0.6, pro = 25 GeV
0.14 ‘ ‘ ‘ ‘ ‘ 0.12 ‘ ‘ ‘ ‘ ‘ ‘
—  Hr (Anti—kp), Njg =1 — P (Anti —kp), Njg =1
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Shapes can tell you the p7 of the n™" hardest jet

Standard Jets:
Consider Niet(pr0) for fixed R

Let pro(Net) be the pseudo-inverse 30

——== Nju(Pro) ,R=0.6 ( Anti —kr)

pro(n) = pr(n) of " hardest jet 25f 1

20 5

1.0f 9

0.5r S

25 30 35 40 45 50
Pro [GeV]
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Shapes can tell you the p7 of the n™" hardest jet

Standard Jets:
Consider Niet(pr0) for fixed R

Let pro(Net) be the pseudo-inverse 30 i i i i
—— Nja(Pro),R=08 (Anti —ky)
pro(n) = pr(n) of " hardest jet 25 = Nm(Pro),R=06 (Bvent shape)
20 1
Event shape: C
'z 1) 1

Nijet , N jer

Niet(P10) = D icevent pyr ©(PTi,R = PT0)

Find functional dependence on pro by Lor ]

ordering {pri,r} vector sk H\E) b

Define pr(n) of n™ hardest jet from 00 ‘ ‘ ‘ ,
pseudo-inverse: 25 30 35 ) 45 50

~ pro [GeV]
pr(n) = pro(n —0.5) "

[Note: in a similar way can get Met(R) for

fixed PTO]
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Shapes can tell you the pr

pp — jj, R=0.6, ptg = 25 GeV
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Trimming with event shapes

Trimming removes soft wide-angle radiation from a jet.
It can be used for:

» improving mass resolution for boosted objects

» reducing jet contamination from ISR, UE, pileup

Traditional “tree trimming":

» recluster jet's constituents with Ry, < R via C/A or kt
> remove subjets whose preub/PTjet < feut
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Trimming with event shapes

: g o PTsu
4-mom of a trimmed jet: tig, = D" prers Pop© <ﬁ - fcut)

Need an inclusive jet/subjet observable: 4-mom of the event

PTsub . _
event ZJetSZSUbjetS psub@ PTiet - CUt) @(PTJet pTO)

Make replacements:
I Iz
> Zjets Zsubjets Psub - Zieevent p;

> PTijet = PTi,Rr PTsub = PTi,Ryy

“Shape trimming":

pTI Rsy
thvent = E pi'e ( e 2 — ﬁ:ut) O(p1i,r — PTO)
I7

i€event
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Trimming with event shapes

: g o PTsu
4-mom of a trimmed jet: tig, = D" prers Pop© <ﬁ - fcut)

Need an inclusive jet/subjet observable: 4-mom of the event

PTsub . _
event ZJetSZSUbjetS psub@ PTiet - CUt) @(PTJet pTO)

Make replacements:
I Iz
> Zjets Zsubjets Psub - Zieevent p;

> PTijet = PTi,Rr PTsub = PTi,Ryy

“Shape trimming":

pTI Ry
thvent = E pi'e ( e 2 — fcut) O(p1i,r — PTO)
I7

i€event

Daniele Bertolini (MIT) Jets without jets 08-12-2013

12 /19



Trimming with event shapes

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

» R=1, pro =200 GeV, Ryypb = 0.2, foue = 0.05

pp — tt — hadrons pp — jj
0.20 T T 0.12 T T T
— Tree trimming — Tree trimming
— Shape trimming 1 — Shape trimming
== No trimming 0.10p == No trimming ]
o 0.15F ©
o o
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Q o
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® ®
& oost &
0.00
0
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Trimming with event shapes

Test pileup mitigation on pp — Z(vv)j sample
» R=1, P10 = 500 GeV
Rsub = 0.2, feyt = 0.05 (as in ATLAS study)

400
-~ No trimming
— Shape trimming
--- Tree trimming
?m,
3
o e .
~ 200F 1 (jet mass) versus number of
3 o soft events overlaid
100}~
0 I
0 10 20 30 40 50 60 70
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Trimming with event shapes

“Shape trimming”:

T PTi,R,,
tel\jent = Z p,H S) < Db fcut) @(PTI,R - PTO)

i€event PTi,R

N~
Wi

» event-wide trimming with no jet/subjet clustering
» equivalent performances on mass resolution and pileup mitigation

> assign a weight w; to each particle: can trim in “parallel” while
computing an event shape

S Z/Eevent ( ) St”m = Zieevent s(ply‘) w
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Motivations

We defined event shapes for N, H7, and p?iss
We recast trimming as an event shape

Use such jet-like event shapes:
1. at trigger level

> “local” characterization of the gross properties of the event
+ milder turn-on behavior of event shapes

> “local” pileup suppression through shape trimming
2. at analysis level
» remove algorithm dependence

» use when standard jets overlap
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Summary

1. For any inclusive additive jet observable

F=2.2 f(Fip)

jets i€jet

can define a jet-like event shape

F= > flpliplp)

i€event
eg N, Hr, B

> can include multiple sums > .. > 0 ciee = Di o cevent

> similarly can define subjet-like event shapes, e.g. shape trimming

» similarly can define subjet-like jet shapes, e.g. subjet multiplicity
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Summary

2. Provide an alternative/complementary characterization of the event,
to be used both at trigger and analysis level

> K/jet, ItIT, pMiss and shape trimming will be available as
FASTJET contrib add-on

3. Jet-based observables = event shapes for infinitely narrow jets.
Expect the same factorization and resummation properties
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Future directions

1. Explore the full potential of jet-like event shapes, e.g. how to use
information of continuous Nie; distribution

2. Explore similar techniques to study jet substructure

> Preliminary results on subjet counting in boosted top samples

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

Work in progress
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