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Optimal Jet Finder (OJF)

Introduced and developed by:

Short introduction:

Authors webpage (with links to source code, etc.):

http://www.inr.ac.ru/~ftkachov/projects/jets/welcome.html

Presented in JetRec phone meetings in January and March 2007

Results in this talk are from private OJF implementation in Athena

Official implementation can be expected soon (R. Seuster)

Discussions with experts has started
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Optimal Jet Finder (OJF)

« Tries to extract as much (jet) information from a HEP event as possible

(that is what authors call ‘optimal’...)

* OJF starts from rather ambitious, global point of view (i.e. from event view):

HEP event: list of particles
(partons « hadrons « calorimeter cells e towers ¢ preclusters)

the 4-momentum g; of the j-th jet
expressed by 4-momenta p, of the
particles

result: list of jets
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Optimal Jet Finder (OJF)

« Any allowed value of the from previous slide

describes some jet configuration

= Definition from Optimal Jet Finder gives (for cylindrical kinematics (pp coll.):

Q({ }) Tot:_pzm EJ_itSZaJ Smhzﬂa—ﬂj +Sin2§pa_

2

i 2 Eln. ‘width' of thj-th jet

n. = anl
e e =(px) +(p)

a=1 n

g E(Ej’qj)ziszaj Pa ‘2:

a=1

‘ = (c:OS(pj , SN goj)

E, isthe energy of the a-th particle
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OJF features

The authors claim it is based on an optimal jet definition that
solves the problem of jet definition in general

Particle energy can be shared among jets

The association between particles and jets is obtained through the
minimization of a global function

Particles (or part of them) are allowed to be outside all jets
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OJF running modes

(related to conventional R_,,.) and

to be specified

to be specified:
- related to the jet resolution y_, of conventional
recombination algorithms
- upper limit to the fractional transverse energy not

associated to any jets
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Fully hadronic t-tbar sample

MC@NLO fully hadronic t-tbar, full simulation, CSC12 prod.

- final jet cut E; > 7 GeV
- Jet collections using OJF:
- no proper H1 weights available: use Cone H1 weights
- number of jets fixed to 6, R parameter set to 0.4 or 0.7
(labels for following plots: and , respect.)
- number of jets not fixed, R parameter set to 0.7 and @,
set to 0.4 (labels for following plots: )

- jet collection from MC Truth, CaloTowers and TopoClusters
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Jet multiplicity: CaloTower jets
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Jet-Parton matching (ttbar events)

* Matching criteria

« For each parton, look for a matching jet
- restrict search in aregion limited by AR, ., < 0.2
- keep the closest jet in this region

« Demand that a jet be matched only once
- matched 1to 1
- one can then study matching efficiency

« Study events with “true” jet hypothesis (for ttbar events)
« Require all 6 partons to be matched 1to 1
- this way we can study the top mass reconstruction
performance for different jet algorithms
* For much more quantitative details on matching eff.,
please see extra slides!!
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Optimal Jet Finder (OJF) in ATLAS

Normalized distributions: CaloTower jets

[ jet-parton match deltaR |

Jet — Parton
All 1 to 1 matched jets in events with

at least 6 jets in |eta] < 3

OJF with R =0.7 is between Cone4 and 7
Similar results for topoJets and truthJets

(extra slides)
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Normalized n distributions: OJF towerJets

| Etaof 1st highest pT jet | | Etaof 2nd highest pT jet | | Etaof 3rd highest pT jet |
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Normalized E distributions: towerJdets
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Normalized E distributions: topoJets

| E(GeV) of 1st highest pT jet | | E(GeV)of 2nd highest pT jet | | E(GeV) of 3rd highest pT jet |

F 0.1
Coned_Topo 0.07} Coned_Topo s Coned_Topo

— Cone7_Topo C — Cone7_Topo [ — Cone7_Topo
Ktd_Topo 0.08f Ktd_Topo ! Ktd_Topo
— Kt6_Topo n.nsz I
— OJFNBR7_Topo ' — OJFNBR7_Topo ol — OJFNBR7_Topo
0.04

— Kt6_Topo L — KitG_Topo

0.03}
0.02f

0.01f

L I.Ill_.mhl.l'-ﬁd'l.-:..- L |||||||||||||||||||||||| -J
"ﬂ 100 200 300 400 500 600 700 800 9001000 “ﬂ 100 200 300 400 50 700 800 9001000 00 100 200 300 400 500 600 700 800 9001000

jot E (GeV) jot E (V) jot E (GaV)

| E{(GeV) of 4th highest pT jet | | E(GeV) of 5th highest pT jet | [ E(GeV) of 6th highest pT jet |

0.12[ 0.18[

Coned_Topo 014l Coned_Topo . Coned_Topo

— Cone7_Topo — Cone7_Topo 0.16] — Cone7_Topo
Ktd_Topo 0.12 Ktd_Topo 014 Ktd_Topo

— Kt6_Topo ol — Kt6_Topo — Kt6_Topo

— OJFNBR7 Topo : — OJFNBR7_Topo 042 — OJFNBR7 Topo

with at least 6 jetsin |n| < 3

)
i)
c
)
>
()
-
©
i®)
)
-
Q
c
@)
-
©
©
-
P
>
Y

0.1

100 200 300 400 500 600 700 800 9001000 nﬂ 100 200 300 400 500 600 700 400 9001000 oﬂ 100 200 300 400 500 600 700 800 9001000
jot E (GeV) jot E (GaV) jot E (GaV)

D.Lelas (UVic) Optimal Jet Finder (OJF) in ATLAS



Normalized p-

with at least 6 jetsin |n| < 3
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Normalized p+ distributions: OJF towerJets

| pT(GeV) of 1st highest pT jet |

with at least 6 jetsin |n| < 3
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Normalized p- distributions: topoJets

| PpT(GeV) of 1st highest pT jet |
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Normalized p+ distributions: OJF topoJets

| PpT(GeV) of 1st highest pT jet |
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W mass plots: TowerJdets

| hypothesis w mass (GeV) |

| hypothesis w mass (GeV) |

&2

—— Coned_Tower Entries 3608

—— Cone7_Tower

Mean 76.25
RMS 11.86
Underflow 0
Overflow 2

' A | 11

Entries 1346
Mean 87.45
RMS 14.48
Underflow o
Overflow 3

RMS _ 16.6%

(M)

1 1 11 1| 1 | 11 1 I | I .
40 &0 80 100 120 140 160 180 200
hypothesis W mass [GeV)

[ hypothesis w mass (GeV) |

| hypothesis w mass (GeV) |

450

400

350

200

250

200

150

100

NI afla!™ NI R R
120 140 160 180 200

hypothesis W mass [GeV)

- Kt4_Tﬁwer Entries 5562

300

— Ki6_Tower

Mean 75.07
RMS 13.54
Underflow 0
Overflow 6

Q
RMS _ 18.0%
(M)

Entries 4028
Mean 83.M
RMS 14.32
Underflow 1]
Overflow 4

&

1| 11 | 1 T - L Lol | | 11 1 I | I .
40 &0 80 100 120 140 160 180 200
hypothesis W mass [(GeV)

Optimal Jet Finder (OJF) in ATLAS

11 1 I_L.I_LIIIIILI
120 140 160 180 200

hypothesis W mass [GeV)




W mass plots: OJF TowerJets
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top mass plots: TopoJdets
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top mass plots: OJF TopoJdets

| hypothesis top mass (GeV) | | hypothesis top mass (GeV) |
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Conclusions and Outlook

There is additional jet finder on the market, Optimal Jet Finder (OJF)

The authors claim it is based on an optimal jet definition that solves the problem

of jet definition in general. OJF is based on global event properties

It is infra-red and collinear safe and there are no seed-related problems nor

overlapping jets. It could provide more event info than standard jet algorithms

Official implementation in Athenais very much in progress

First tests with OJF in the ATLAS environment are quite encouraging.

Agreement with Kt and Cone is good, but we would like to do better ©

More systematic tests in progress:
- fine tuning of OJF parameter space
- studies with different physical samples

Years of testing for Cone and Kt, OJF deserves a bit of attention as well

Hopefully, this is just a beginning of long and interesting journey...

D.Lelas (UVic) Optimal Jet Finder (OJF) in ATLAS
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Normalized distributions: truthJets
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Event and Jet hypothesis selection

Try to compare jet matching efficiency for
different jet algorithms

« Fully hadronic t-tbar, choice of sample

¢+ Require atleast6jetsin|n| <3
- clearly, algorithms with more than 6 jets will have a better
chance at 6 jet-parton matching

+ only consider the 6 highest pT jets
- algos with more than 6 jets still have a better chance at
6 jet-parton matching

+ only consider events with exactly 6 jets

- perhaps a more fair way to compare 6 jet-parton matching
for OJF with fixed number of jets (= 6)

« No jet E; cuts applied




Jet-Parton matching: CaloTower jets
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Jet-Parton matching: topodJets
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Normalized p; distributions: truthJdets
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Normalized p+ distributions: OJF truthJdets
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Normalized E distributions: OJF towerJdets
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Normalized E distributions: OJF topoJets
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fully hadronic t-tbar events

with at least 6 jetsin |n| < 3
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W mass plots: TopoJdets
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W mass plots: OJF TopoJdets
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top mass plots: TowerJets
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top mass plots: OJF TowerJets
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