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from the smallest dimensions in microcosm
to the largest dimensions in the Universe
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Big Bang in the Lab?
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The Tevatron pp Collider at Fermilab
_
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30 September 2011

Tevatron complex shut 
down after 26 years
of successful operation.
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The LHC pp Collider at CERN
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The Standard Model of Particle Physics
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Particle Masses
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The Top Quark
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History of the Top Quark Search
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History of the Top Quark Search
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• 1976: Discovery of Upsilon at Fermilab 
Contains a 5th quark: the b-quark
→ Structure of quark families suggested existence of a 6th quark: the top
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MW>mt+mb  ↯

History of the Top Quark Search
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Electroweak precision data

History of the Top Quark Search
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History of the Top Quark Search
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The Top Quark
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The Top Quark
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1000s of events

The Top Quark
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LHC:
top quark

factory

1000s of events

The Top Quark
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LHC:
top quark

factory

10000s of events

The Top Quark
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The Top Quark
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Top Quark Analyses
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Cross Section in Hadron Hadron Scattering
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Top Quark Pair Production
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Tevatron 
(85%)

LHC
 (87%)

(14 TeV)
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Top Quark Pair Signatures
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Lepton+jets Signatures
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signal 
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Lepton+jets Signatures
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background signal 
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Overview Lepton+jets Selection
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Determination of Multijets Background
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What is a Cross Section?
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Lepton+Jets Topological Cross Section
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Lepton+Jets Topological Cross Section
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Boosted Decision Trees
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Lepton+Jets Topological Cross Section
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Lepton+Jets Cross Section with b-tagging
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Lepton+Jets Cross Section with b-tagging
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±6.5%
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Dilepton Signatures
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signal background 
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Dilepton Cross Section
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Top Pair Production Cross Section
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Top Pair Production Cross Section
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Top Pair Production Cross Section
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Differential Cross Sections
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important tests of higher order QCD calculations:
requires “unfolding” to particle level 
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Differential Cross Sections
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 ➞ good agreement with higher order QCD calculations 
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 ➞ good agreement with higher order QCD calculations 
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Single Top Quark Production

65



- Christian Schwanenberger -Top Quark Physics HCPSS 2012, Fermilab

Single Top Quark Production

66



- Christian Schwanenberger -Top Quark Physics HCPSS 2012, Fermilab

It has been challenging for years...
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Multivariate Analyses
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Multivariate Analyses
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Single Top Quark Observation
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Tevatron Single Top Cross Section
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±8%
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Single Top t-channel Production
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- remove s/t channel constraint which 
   could be changed by new physics
- train multivariate analysis 
   for t-channel
- measure s- and 
   t-channel 
   simultaneously
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- remove s/t channel constraint which 
   could be changed by new physics
- train multivariate analysis 
   for t-channel
- measure s- and 
   t-channel 
   simultaneously

σ(t-channel)=2.90±0.59 pb 
observation with 5.5σ
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- remove s/t channel constraint which 
   could be changed by new physics
- train multivariate analysis 
   for t-channel
- measure s- and 
   t-channel 
   simultaneously

check light quark flavor content 
of proton:

u d

W+
+
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- remove s/t channel constraint which 
   could be changed by new physics
- train multivariate analysis 
   for t-channel
- measure s- and 
   t-channel 
   simultaneously

check light quark flavor content 
of proton:

d u

W-
-

_
_
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Single Top t-channel Production
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Single Top s- vs. t-channel
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good agreement with Standard Model

SM
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Single Top Wt-channel Production
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evidence with 3.3σ SM: σWt=15.7 pb 
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Single Top Production at the LHC
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good agreement with Standard Model ±12%


