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From Rare to Common
• Single + pair production ~1.2 

nb (in SM)

• Not much smaller than Z→ee

• Top quark physics, but also 
calibration sample, and 
significant background 
source

• Reconstruction algorithms 
with wide range of 
sophistication, tailored to 
specific purposes
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Types of Algorithms
• Selection-only

• Require certain objects or sophisticated combinations of 
objects, no attempt to reconstruct top quark(s)

• “Individual” top quark reconstruction

• “Classical”: low and moderate pT

• High pT

• Global Event Fitters
➡ Top candidates are correlated

• Endpoints

3



Gustaaf Brooijmans Top Reconstruction in ATLAS

Selection Only
• In a sense, simple, since make no attempt to 

reconstruct top quark(s)

• E.g. dileptons: require

• 2 good leptons pT > 20 GeV

• Z veto

• 2 jets pT > 20 GeV

• MET > 25-35 GeV
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ee, eµ and µµ channels
together → S/B ~4

Also works in lepton + (4) jets

100 pb-1

100 pb-1
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• But even selection-only can be complex

• E.g. in single top, use BDT to “select” events
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1 fb-1

Leptonic top
candidate mass after 
BDT output > 0.6
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“Individual Top Reconstruction”
• Reconstruct individual top quarks “independently” of 

the rest of the event

• Mostly relevant in the context of tt events

• Main problem is combinatorics

• Alleviated somewhat through b-tagging

• At high pT, no combinatoric problem

• But need special techniques to reject light quark & gluon 
jets

• Don’t introduce correlations → less sensitivity to 
detailed understanding of efficiencies and resolutions

6



Gustaaf Brooijmans Top Reconstruction in ATLAS

Commissioning Analysis
• “Keep it simple”

• Simplest:

• e, μ pT > 20 GeV

• MET > 20 GeV

• 3 jets pT > 40 GeV

• 4th jet pT > 20 GeV

• Hadronic top is 3-jet combination with highest pT 
sum

• Largest background is signal combinatoric!
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• Try to “purify” by requiring that among the three 
jets, one pair has mass = W
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+

= 100 pb-1



Gustaaf Brooijmans Top Reconstruction in ATLAS

• b-tagging reduces the combinatorics & W+jets 
background substantially...

• And with W mass constraint & b-tagging, achieve a purity 
of 95% 

• total efficiency ~1% (incl BR), vs ~7% for “simplest” analysis
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≥ 1 b-tag

100 pb-1100 pb-1

AND W mass
constraint
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• There are other “purification” variables:
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(E* = energy in top quark rest frame)
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• Angular distributions

• W polarization in top decay, top spin correlations

• Requires reconstructing top & W restframes, then 
measure angles
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Higgs!

Acceptance & Efficiencies
shape distribution

Corrected result



Gustaaf Brooijmans Top Reconstruction in ATLAS

High pT

• Collimated decay products

• dR = √(Δη2 + Δφ2)

• Typical jet radius ~0.5

• But calorimeter 
segmentation much finer 
(especially in EM)

• For top pT > ~300 GeV

• dR (qq from W) < 2 Rjet

• dR  (bW) < 2 Rjet

• (No isolated lepton!)
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Jet Structure
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• Decay hadrons reconstructed as a single jet

• But even if it looks like a single jet, it originates from a 
massive particle decaying to 2/3 hard partons, not one

• If I measured each of the partons in the jet 
perfectly, I would be able to:

• Reconstruct the “originator’s” invariant mass

• Reconstruct the direct daughter partons

• But

• quarks hadronize -> cross-talk

• my detector can’t resolve all individual 
hadrons

Why do we need Jet Algorithms?

Interesting physics takes place in the interaction of highest energetic particles

This part can be well described perturbatively
However: partons produced can not
be observed directly
⇒ soft and collinear showering
⇒ confinement to hadrons
⇒ subsequent hadron decay
Finally only long-lived hadrons
will be observed!
The jet algorithm should relate those
measurements to theoretical analyses

Need a precise definition of the algorithm
(to be used by theory and experiment)
Different algorithms correspond to different
observables and give different results!

Tanju Gleisberg Atlas tutorial, CERN, 02. 06. 2006 – p.2
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• kT jet algorithm is much better suited to 
understand jet substructure than cone:

• Cone maximizes energy in an η x φ cone

• kT is a “nearest neighbor” clusterer

• Can use the kT algorithm on jet constituents 
and get the kT distance (y-scale) at which 
one switches from 1 -> 2 (-> 3 etc.) jets

• scale is related to mass of the decaying particle

kT Distance
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Overview: Jet-Algorithms

cone-type

maximizes
energy
inside a
η × φ-cone

simple cone
midpoint
seedless cone

cluster-type

clusters
nearest
neighbours Kt

Tanju Gleisberg Atlas tutorial, CERN, 02. 06. 2006 – p.6

Overview: Jet-Algorithms

cone-type

maximizes
energy
inside a
η × φ-cone

simple cone
midpoint
seedless cone

cluster-type

clusters
nearest
neighbours Kt
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Z’ → tt
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M(Z’) = 2 TeV
M(Z’) = 3 TeV
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Result
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January 3, 2008 – 09 : 55 DRAFT 14

Table 1: Selection efficiencies for various jet transverse momenta for jets reconstructed close to top

quarks in the signal samples and in the background samples.

Jet pT (GeV) 500 600 700 800 900 1000 1100 1200 1300 1400 1500

Top Samples (%) 5.6 19 32 37 47 45 56 64 63 68 74

Background Samples (%) 0.1 0.5 1.3 2.5 4.2 4.7 7.1 7.4 9.8 12.8 10.2

• YScale 1-2 as a function of jet mass, and here we choose to impose

YScale12( jet) < (11/16)mass( jet)− (55/8). (6)

This is illustrated in Figure 17.

• YScale 3-4 as a function of jet mass, but now to reduce the high mass background contribution:

YScale34( jet) > (4/23)mass( jet)− (588/23). (7)

This is illustrated in Figure 18.
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Figure 18: Distribution of YScale34 as a function of jet mass for the background (blue) and signal (red)

samples. Events are required to lie above the line.

The resulting selection efficiency for jets close to high pT top quarks (as defined in section 4.1) in the

signal samples and jets in the background samples, as a function of jet transverse momentum are shown

in Figure 19. Numerical values at various transverse momenta are given in Table 1. It is important to

state again that the cuts were not optimized for a particular region in phase space, and that in principle

it should be possible to improve on this result using a multivariate tool. The aim of this study is to

estimate achievable efficiencies and the approach was chosen to maximize clarity. A specific analysis

will optimize the cuts for the relevant region in phase space after consideration of the other objects in the

event useful in the rejection of backgrounds.

Efficiencies
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Global Fitters
• Test the overall event morphology against a signal 

hypothesis, yielding a figure-of-merit for each 
possible combination

• Typically used when want to measure a property of the 
system, e.g. mtt

• Analysis can use best solution, or multiple solutions with 
weight related to figure of merit

• Crucial aspect is that top quark candidates cannot be 
considered individually

• Any adjustment (like jet energy rescaling) changes figure 
of merit and other top candidate properties
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χ2

• “Classical” global fitter

• But multiple approaches, depending if allow to rescale 
some measurements

• And what the purpose is!
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• Example: mtt

• “Reconstructed” = “simple” reconstruction

• Full event fit is χ2-based

• Other examples: polarization measurements, rare 
decays, ...
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• χ2 fits assume gaussian probability density functions

• Often have tails in resolution functions

• Can be reduced by tight acceptance criteria, at the expense of 
efficiency

• With good detector, get improvement by constraining W 
and top to Breit-Wigner rather than gaussian

• Alternative solution is to use likelihood approach

• Signals & resolutions can be represented by appropriate 
pdf’s

• Under development...

• Or, use matrix element approach...
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Endpoints
• Studies of SUSY signals (two escaping particles) have 

yielded many distributions with characteristic endpoints

• No attempt to reconstruct individual decaying particles 

• In top dilepton events, have 
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~(155 GeV)

Points: events from “data” for 
which top quark kinematics 
were derived using mW, mtop 

and MET constraints, then top 
quarks were “redecayed” with 

MC
⇒ eliminate many MC 

uncertainties  (UE, extra jets, 
etc.)
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• Many other similar variables

• E.g. “contransverse mass” (arXiv:0802.2879)

• For dilepton tt:
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http://arxiv.org/abs/0802.2879
http://arxiv.org/abs/0802.2879
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Conclusions
• Many different top reconstruction techniques

• From the simplest event selection to very high tech fitting 
methods

• Tailored to specific needs:

• Calibration

• Background

• Top physics

• Provide necessary redundancy for complex final state

• Sensitive to many “features” of detector and reconstruction

• Eager to test on data!
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