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Scott Willenbrock, Duane Dicus, Phys. Rev. D34, 155 (1986).
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SM-Expectations:
σt-channel NLO= 2.0 ± 0.3 pb
σs-channel NLO= 0.9 ± 0.1 pb

σsingle top NLO= 2.9 ± 0.4 pb

for MTop = 175 GeV/c2

Harris et al., Phys. Rev. D 66, 054024 (2002)
Sullivan, Phys. Rev. D 70, 114012 (2004)
Kidonakis, Phys. Rev. D 74, 114012 (2006)
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- Test of SM, sensitive to BSM
- Direct Measurement of |Vtb|2 
- Test of b-Quark PDF
- Milestone for WH Searches at the Tevatron
- Analogue to WH Searches

Motivation
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Event Signature
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t-channels-channel

Signature: Top-Quark Decay ~100% into W-Boson and b-Quark
with W → l + ν
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- exactly 1 isolated charged Lepton (e/μ) (Lepton+Jets)
 or Veto on identified Lepton (e/μ), sensitive to τ (MET+Jets)

Event Signature
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- exactly 1 isolated charged Lepton (e/μ) (Lepton+Jets)
 or Veto on identified Lepton (e/μ), sensitive to τ (MET+Jets)
- Missing Transverse Energy

Event Signature

TOP2010 Bruges Jan Lueck – Observation of Single Top-Quark Production

t-channels-channel

Signature: Top-Quark Decay ~100% into W-Boson and b-Quark
with W → l + ν



9

Jet

(Jet)

Jet

Jet

- exactly 1 isolated charged Lepton (e/μ) (Lepton+Jets)
 or Veto on identified Lepton (e/μ), sensitive to τ (MET+Jets)
- Missing Transverse Energy
- 2 or 3 Jets with at least 1 b Tag
- QCD-Veto, Z-Veto, Cosmic-Veto,…

Event Signature

Jet
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t-channels-channel

Signature: Top-Quark Decay ~100% into W-Boson and b-Quark
with W → l + ν
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   L+J Background Estimate 3.2 fb-1
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Signal region divided into Jets (2 or 3), b-Tags (1 or 2) and 
Trigger (Lepton or MET+Jets), i.e. 8 independent Channels
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based upon:

MC-Eff. + Theory

Sideband-
Data

MC-Eff. + Theory
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Signal region divided into Jets (2 or 3), b-Tags (1 or 2) and 
Trigger (Lepton or MET+Jets), i.e. 8 independent Channels

   L+J Background Estimate 3.2 fb-1



12

• • •

NeuroBayes® Neural Network (NN)
Likelihood-Function (LF) 
Boosted-Decision-Tree-Method (BDT)
Matrix-Element-Method (ME)

Multivariate Methods

expected Sensitivity: 5.2σ
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See F. Canelli’s Talk about Multivariate Techniques
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NeuroBayes® Neural Network (NN)
Likelihood-Function (LF) 
Boosted-Decision-Tree-Method (BDT)
Matrix-Element-Method (ME)

Multivariate Methods

• • •
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expected Sensitivity: 4.0σ
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NeuroBayes® Neural Network (NN)
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NeuroBayes® Neural Network (NN)
Likelihood-Function (LF) 
Boosted-Decision-Tree-Method (BDT)
Matrix-Element-Method (ME)

Multivariate Methods

• • •

TOP2010 Bruges Jan Lueck – Observation of Single Top-Quark Production

expected Sensitivity: 4.9σ
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Systematic Uncertainties
Source Rate Shape
JES 0...16% X 
ISR/FSR 0...15% X 
PDF 2...3% X 
Monte Carlo generator 1...5% 
Event detection efficiency 0...9% 
Luminosity 6.0% 
KIT Flavor Separator  X 
Mistag model X 
QCD model X 
Q2 scale in Alpgen MC  X 
Input variable mismodeling  X 
W+bottom normalization 30% 
W+charm normalization 30% 
W+light normalization 17...29% 
tt-bar normalization 23% 
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Lepton+Jets Combination
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Lepton+Jets Combination

expected Sensitivity: >5.9σ
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MET+Jets Analysis (MJ) 2.1 fb-1
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Orthogonal Selection to Lepton+Jets:
- Veto on reconstructed Electrons und Muons
- MET > 50 GeV
- 2 or 3 Jets  (at least with 1 reconstructed secondary Vertex

or 1 Jet-Probability Tag)
NN-Selection against QCD Multijets
~33% absolute Gain in Signal Acceptance wrt. L+J Selection
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expected Sensitivity: 1.4σ
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MET+Jets Analysis (MJ) 2.1 fb-1

Orthogonal Selection to Lepton+Jets:
- Veto on reconstructed Electrons und Muons
- MET > 50 GeV
- 2 or 3 Jets  (at least with 1 reconstructed secondary Vertex

or 1 Jet-Probability Tag)
NN-Selection against QCD Multijets
~33% absolute Gain in Signal Acceptance wrt. L+J Selection
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SD+MJ Combination

Simultaneous Extraction of the Signal Fraction from the Super Discriminant 
and the orthogonal MJ Discriminant
Marginalization of a Likelihood with incorporated systematic Rate, Shape and 
Bin-by-Bin MC statistical Uncertainties
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SD+MJ Combination

TOP2010 Bruges Jan Lueck – Observation of Single Top-Quark Production

Distribution of both orthogonal Samples ordered by similar s/b compared to 
the SM Prediction
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SD+MJ Combination

TOP2010 Bruges Jan Lueck – Observation of Single Top-Quark Production

Distribution of both orthogonal Samples ordered by similar s/b compared to 
the SM Prediction
Accumulated Distribution (integrated starting on the high-s/b Side) shows 
clear Excess of Data over Background Prediction
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Results

TOP2010 Bruges Jan Lueck – Observation of Single Top-Quark Production



27

Results

|Vtb| = 0.91 ± 0.11 (exp.) ± 0.07 (theory)
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Assumption: |Vtb|2 >> |Vts|2 + |Vtd|2 
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2D-Result

Simultaneous Extraction of both the t- and s-channel Signal Fractions from 
the Super Discriminant and the orthogonal MJ Discriminant
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σt-channel = 0.8 + 0.7  pb
σs-channel = 1.8 ± 0.1 pb

− 0.5
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Signal Significance

expected Sensitivity: >5.9 σ
observed Significance: 5.0 σ
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Golden Lepton+Jets Events
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ø 172.8
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Golden Lepton+Jets Events
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t-channel Candidate
recorded on March 29th 2008
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Golden Lepton+Jets Events
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Top Quark Mass Peak
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Top Quark Mass Peak



35TOP2010 Bruges Jan Lueck – Observation of Single Top-Quark Production

Top Quark Mass Peak

Train NN’ Discriminant without Mlνb and 
highly (>20%) correlated Input Variables:
- Transverse Top Quark Mass: 65%
- HT: 45%
- Dijet mass: 24%
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Top Quark Mass Peak

Train NN’ Discriminant without Mlνb and 
highly (>20%) correlated Input Variables:
- Transverse Top Quark Mass: 65%
- HT: 45%
- Dijet mass: 24%
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Top Quark Mass Peak
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Top Quark Mass Peak
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Single Top MC Theory

New 4-Flavor Calculation treats Spectator b as 
NLO Observable

J. Campbell et al.,Phys.Rev.Lett.102, 182003 (2009)

In contrast, ZTOP is a 5-Flavor Calculation with 
Spectator b as LO Observable

Z. Sullivan, Phys. Rev. D 70, 114012 (2004)
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Single Top MC Matching

ZTOP Prediction:
Rate within CDF’s Acceptance
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Single Top MC

Special Note for CDF by Campbell et al., THANK YOU!
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Single Top MC

16.7%
from ZTOP

30.5%
Campbell et al.

Campbell et al.

ZTOP

New Campbell et al. 4-Flavor NLO Calculations 
predict nearly twice the Rate

Could this explain CDF’s low t-channel and high 
s-channel measurement?
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New Single Top MC Matching

CDF Standard Campbell et al.

67% 2->2
33% 2->3

46% 2->2
54% 2->3
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New Single Top MC Matching
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New Single Top MC Matching

-7.2%

+61.1%

+33.7%

+80.5%
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New Single Top MC Matching

Dominating Categories are 
compensating each other
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New Single Top MC Matching

Discriminants don’t seem to change significantly
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New Single Top MC Matching

Discriminants don’t seem to change significantly

We changed the acceptances (assuming that the discriminant shapes 
don't change) to the new matching according to Campbell et al., and at 
the end we got the very same numbers within one decimal for the 1D 
combined fit as well as for the 2D separate fit.



Summary
Past: CDF developed advanced Methods to establish a small Signal

against a highly uncertain Background

Present:CDF already has a Single-Top Polarization Analysis
CDF will look at a doubled Data Set in 1D and 2D

 

Future: Given the actual LHC Status, our Results will last some more 
years…
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2D Result

Phys. Rev. Lett. 101, 252001 (2008)
Phys. Rev. Lett. 103, 092002 (2009)
Phys. Rev. D 81, 07203 (2010)
arXiv:1004.1181 (submitted to PRD)
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Backup I – Event Yield

Large Fraction of
non-b Processes
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Backup II – KIT Flavor Separator


