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Top quark physics



 31.01.2007     Top Quark Highlights at the Tevatron   – Christian Schwanenberger –   Tevatron for LHC    

Top quark physics
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Strong Top Quark Production
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Outline
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Lepton+Jets Channel

jet-parton 
assignment

missing ET

determine jet 
energy scale

jet energy scale:
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Extraction Techniques
• Need to extract Mtop from imprecise measurements (jets) and non-
measured (neutrino) quantities

a

• Template analyses: 

• Evaluate variable strongly correlated with Mtop 

• Obtain Mtop comparing data to Monte Carlo 
with different Mtop input 

• Matrix Element analyses:

• Evaluate ttbar and background probability densities as a function of 
Mtop

= =X XSignal event

Signal event Background event

Signal event Background event Experiment

ExperimentSignal event
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Matrix Element Method
• Most precise measurements by CDF and DØ use  
the Matrix Element method in the leptons+jets 
channel with in-situ determination of the jet energy 
scale 

• Define event likelihood using signal Pttbar and 
background PW+jets  probability density

• Use maximum likelihood to fit simultaneously 
Mtop, JES, and signal fraction, Cs
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Matrix Element Method
1 fb-1
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Tevatron Combination
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Summary: Top Mass Measurements
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Single top quark production
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It has been challenging for years…
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Event selection
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Backgrounds
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Event selection - before tagging
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Event selection - Yields
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Multivariate analysis techniques
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Cross-check samples
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CDF s+t observed results - Preliminary



 31.01.2007     Top Quark Highlights at the Tevatron   – Christian Schwanenberger –   Tevatron for LHC    

DØ boosted decision tree s+t observed results
expected: 2.9 -1.4 pb+1.6
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DØ results consistency
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First direct measurements of |Vtb|
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Conclusions
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Summary



 31.01.2007     Top Quark Highlights at the Tevatron   – Christian Schwanenberger –   Tevatron for LHC    

Outlook: Top Physics at the LHC

A. Quadt
Eur. Phys.
J. C48, 835
(2006)
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Outlook: Top Physics at the LHC

A. Quadt
Eur. Phys.
J. C48, 835
(2006)

 

in addition:

• detector commissioning studies 

• tests of higher order QCD
• b-fragmentation
• ⋯ 

⇨ very interesting top physics at LHC
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Backup
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The Tevatron at Fermilab: pp collisions-
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Tevatron luminosity
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Comparison
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Future of Top Mass Measurements
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Characterization of Dilepton Events
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Characterization of Dilepton Events



 31.01.2007     Top Quark Highlights at the Tevatron   – Christian Schwanenberger –   Tevatron for LHC    

Matrix Element Method

(835 pb-1, eµ channel only)
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Dilepton Matrix Element
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Motivation
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Event selection - S/B



 31.01.2007     Top Quark Highlights at the Tevatron   – Christian Schwanenberger –   Tevatron for LHC    

CDF b tagging
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DØ b tagging
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Systematic uncertainies - CDF
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Systematic uncertainties - DØ
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Decision trees
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Boosting a decision tree
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Decision trees at DØ
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Matrix element method
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Matrix elemente discriminants
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Likelihood method (CDF)
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Neural network - Bayesian neural networks
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DØ analysis validation
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Sensitivity determination at CDF
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Sensitivity determination at DØ
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CDF observed results - Compatibility
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DØ BNN and ME s+t observed results



 31.01.2007     Top Quark Highlights at the Tevatron   – Christian Schwanenberger –   Tevatron for LHC    

DØ boosted decision tree event characteristics
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Splitting a node
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Decision trees - 49 variables
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Matrix element method - DØ diagrams
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CDF ME inputs (B. Stelzer, R. Wallny)
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Matrix element method - Probability
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Matrix element method - CDF transfer functions
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Matrix element method - DØ transfer functions
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W+jets heavy flavour fraction at DØ
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HF fraction - DØ
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HF Fraction - CDF (B. Stelzer)
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Binned likelihood fit at CDF (B. Stelzer)
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Measuring cross sections at DØ
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|Vtb| determination
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CDF compatibility study
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CDF compatibility study (cont’d)


