
10

ATLAS Boosted Objects Tagging Performance

Danilo Enoque Ferreira de Lima

On behalf of the ATLAS Collaboration

University of Glasgow
Institute for Particle Physics Phenomenology - IPPP/Durham University

danilo.ferreiradelima@glasgow.ac.uk

dferreir@mail.cern.ch

August 21, 2014



10

Table of Contents

1 Introduction

2 Grooming

3 W Boson Tagging

4 Top tagging

5 Summary

Danilo Ferreira de Lima (Durham&Glasgow) ATLAS Boosted Objects Tagging August 21, 2014 1/34



10

Introduction

The W , Z and Higgs hadronic decays have the largest branching
ratios.

QCD jets can be mistaken with boson decays.

The boson decays might also need to be distinguished from each
other → the boson’s mass also needs to be reconstructed.

At high transverse momentum, the decay products are more
collimated, which provides for large radius jet technology as a new
handle for separating between signals and backgrounds with higher
S/B.

I The decay products are close by.
I Large-R jets can be used to identify them.
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Grooming and W boson tagging

ATLAS-PHYS-PUB-2014-004

Two main methods are available to improve the separation between
signals and backgrounds.

I Grooming → remove soft components in the jet and improve
reconstruction.

I Tagging → reject scenarios unlikely to come from the process of
interest.

Efficiency studies done on simulation using W (→ `ν) + jets as
background and exotic particles (Kaluza-Klein gravitons) are used as
signal.

Data to simulation comparison done using top-enriched sample.

Trimming BDRS(-A) Pruning
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Grooming methods – Trimming and Pruning
ATLAS-PHYS-PUB-2014-004

Effective against harsh pile up conditions.

Trimming: Rsub = 0.3, fcut = 5%, anti-kt R = 1.0.

Pruning: ∆Rij > m/pT , z < 0.1, C/A R = 0.8 jets pruned (see
backup slides for pruning with kt jets).
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Grooming methods – BDRS(-A)
ATLAS-PHYS-PUB-2014-004

BDRS: Rsub = min(0.3,R12/2), µ < 2/3,
√
yf > 0.3, C/A R = 1.2

jets.

BDRS-A: Rsub = 0.3,
√
yf > 0.2, C/A R = 1.2 jets.

BDRS BDRS-A
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Groomer mass window performance
ATLAS-PHYS-PUB-2014-004

Find window to include 68% of the W jets in signal around most
probable value of the signal mass distribution.

Pruning does not do as well at low pT due to the choice of R = 0.8
for the jets.
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W Boson Tagging – Two-subjettiness and kt splitting scale
ATLAS-PHYS-PUB-2014-004

τ21: degree of resemblance of the jet to a two sub-jet structure.√
d12: kt-distance between the two elements in final step.

Danilo Ferreira de Lima (Durham&Glasgow) ATLAS Boosted Objects Tagging August 21, 2014 7/34

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-004/


10

W Boson Tagging – Planar flow and Q-jet volatility
ATLAS-PHYS-PUB-2014-004

Planar flow: how uniformly spread the energy of the jet is.

Q-jet volatility: re-cluster jet with a degree of randomness.
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W Boson Tagging – Mass-drop and momentum balance
ATLAS-PHYS-PUB-2014-004

µ12: mass fraction in the most massive element in the last clustering stage.
√
yf : ratio between the splitting scale and jet mass.
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W Tagging – Performance comparison
ATLAS-PHYS-PUB-2014-004

Fixing tagger and choosing best jet algorithm.
Lower pT values in the backup slides.
All taggers seem to perform similarly after grooming.

pT ,truth ∈ [350 GeV, 500 GeV] pT ,truth ∈ [500 GeV, 1 TeV]
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W Tagging – Performance comparison (fixed grooming)
ATLAS-PHYS-PUB-2014-004

Fixing jet algorithm and grooming method, and choosing best tagger.
Lower pT values in the backup slides.
All taggers seem to perform similarly after grooming.

pT ,truth ∈ [350 GeV, 500 GeV] pT ,truth ∈ [500 GeV, 1 TeV]
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Boosted Bosons – Correlation between taggers

ATLAS-PHYS-PUB-2014-004

Correlations: which taggers carry complementary information?

All variables weakly correlated with number of primary vertices.

Correlations between signal and background are not very different.
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Top tagging
High pT tops also benefit from a higher signal-to-background ratio.
Several top taggers have been developed in the literature.

I Examples: HEPTopTagger, N-subjettiness,
√
d12,
√
d23, Q-jet

volatility, template overlap, Shower Deconstruction.
Other top tagging performance results from ATLAS:

I JHEP 1309 (2013) 076: Performance of jet substructure techniques for
large-R jets in proton-proton collisions at sqrt(s) = 7 TeV using the
ATLAS detector.

I J. Phys. G 39 (2012) 063001: Jet Substructure at the Tevatron and
LHC: New results, new tools, new benchmarks.

I ATLAS-CONF-2013-084: Performance of boosted top quark
identification in 2012 ATLAS data.

ATLAS searches benefit from a top tagging method.
I arXiv 1408.0886: W ′ → tb search.
I PRD 88 (2013) 1, 012004: semileptonic tt̄ resonances search in

ATLAS.
I JHEP 1301 (2013) 116: all hadronic tt̄ resonances search in ATLAS

using HEPTopTagger and Top Template Method.
I arXiv 1407.0583: Search for top squark pair production.
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Top tagging – Splitting scales and N-subjettiness
ATLAS-CONF-2013-084

Splitting scales and N-subjettiness can also be used for top tagging.
Tests compatibility with a 3-prong pattern for the hadronic top decay.
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Top tagging – HEPTopTagger ATLAS-CONF-2013-084

Breaks C/A R = 1.5 jet with mass drop criteria until object masses
< mcut = 50 GeV (medium).
Filter with Rmax = 0.3 and use exclusive C/A to keep leading
Nfilt = 5 sub-jets.
Applies kinematic cuts and demand that a pair of sub-jets falls within
fW = ±15% of the W mass window.
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Top tagging – HEPTopTagger and pile up
ATLAS-CONF-2013-084

HEPTopTagger reconstructs the mass of the top very well.

Very resilient against pile up.
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Top tagging – Shower Deconstruction ATLAS-CONF-204-003

Make small sub-jets of the large-R jet.
Assume each of the sub-jet i (momentum pi ) comes from a certain
particle.
Calculate the probability for the association.
Repeat the procedure for all possible associations.
The logic can be implemented for a top decay or a specific
background.
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Shower Deconstruction weight ATLAS-CONF-204-003

The final shower deconstruction weight is the ratio of top (signal)
probability and a background probability (both calculated
analytically).

Full description of the method in PRD 84 (2011) 074002 and PRD
87 (2013) 5, 054012.
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Shower Deconstruction efficiency ATLAS-CONF-204-003

Apply cut in weight and scan it.
The sub-jet combination for each permutation is required to be in a
top- and W -mass window: limits the maximum efficiency point.
All methods shown use anti-kt R = 1.0 trimmed jets, except
HepTopTagger, which uses C/A R = 1.2 jets geometrically matched
to anti-kt jets. In all cases, the pT > 550 GeV cut is implemented for
the large-R jet for all taggers.
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Summary

Grooming methods for large-R jet reconstruction and W -boson
substructure tagging methods were studied in ATLAS.

In the W boson tagging, no method shows a much better
performance, considering that no systematic uncertainties were
included and the methods have similar performance.

I Backup slides contain other pT ranges.

Top tagging studies using Shower Deconstruction is very promising
compared to the other techniques used in the pT range under
consideration.

For more information, consult ATLAS-PHYS-PUB-2014-004 and
ATLAS-CONF-2014-003.

For more information on other top taggers: ATLAS-CONF-2013-084.
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Backup slides
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Grooming methods – Pruning

ATLAS-PHYS-PUB-2014-004

∆Rij > m/pT , z < 0.1, C/A R = 0.8 jets kt- (right) and C/A-pruned
(left).
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W Tagging – Performance comparison (lower momentum
range)

ATLAS-PHYS-PUB-2014-004

Fixing tagger and choosing best jet algorithm.
Truth pT ∈ [200 GeV, 350 GeV].
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W Tagging – Performance comparison (intermediate
momentum range)

ATLAS-PHYS-PUB-2014-004

Fixing tagger and choosing best jet algorithm.

Truth pT ∈ [350 GeV, 500 GeV].
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W Tagging – Performance comparison (very high
momentum)

ATLAS-PHYS-PUB-2014-004

Fixing tagger and choosing best jet algorithm.
Truth pT ∈ [500 GeV, 1 TeV].
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W Tagging – Performance comparison (lower momentum
range)

ATLAS-PHYS-PUB-2014-004

Fixing grooming and jet algorithm, and choosing best tagger.
Truth pT ∈ [200 GeV, 350 GeV].
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W Tagging – Performance comparison (intermediate
momentum range)

ATLAS-PHYS-PUB-2014-004

Fixing grooming and jet algorithm, and choosing best tagger.
Truth pT ∈ [350 GeV, 500 GeV].
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W Tagging – Performance comparison (very high
momentum)

ATLAS-PHYS-PUB-2014-004

Fixing grooming and jet algorithm, and choosing best tagger.
Truth pT ∈ [500 GeV, 1 TeV].
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W Tagging – Correlation between taggers (BDRS)

ATLAS-PHYS-PUB-2014-004

Correlations: which taggers carry complementary information?

Danilo Ferreira de Lima (Durham&Glasgow) ATLAS Boosted Objects Tagging August 21, 2014 29

http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2014-004/


10

W Tagging – Correlation between taggers (pruned)

ATLAS-PHYS-PUB-2014-004

Correlations: which taggers carry complementary information?

Mass drop is highly correlated with planar flow in τ21.

Correlation between τ21 and
√
yf reduced after pruning.
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Top tagging – HEPTopTagger cuts

ATLAS-CONF-2013-084

HTT applies kinematic cuts to test compatibility with the hadronic
top quark decay.
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Boosted top quarks

ATLAS-CONF-204-003

Boosted top quarks have their decay products merged in a single
region of the detector.

Energy deposition regions are associated to the top quark decays,
radiation, or secondary interactions.
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Boosted top quarks

ATLAS-CONF-204-003

Boosted top quarks have their decay products merged in a single
region of the detector.

Energy deposition regions are associated to the top quark decays,
radiation, or secondary interactions.
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The ATLAS experiment at the Large Hadron Collider
ATLAS, at the Large Hadron Collider (LHC), is a general purpose detector.

The Inner Detector reconstructs the tracks of charged particles.

The Calorimeter (electromagnetic and hadronic) measures the energy of the
particles.

The Muon Spectrometer measures the momenta of the muon tracks.

We use data with centre-of-mass energy
√
s = 8 TeV.
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W Tagging – Jet width

ATLAS-PHYS-PUB-2014-004

pT -weighted angular distance
of each element to the jet axis.

w =

∑
i ∆Ri JpT i∑

i pT i
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