
Comprehensive measurements of t-channel single 
top-quark production cross-sections at √s = 7 TeV 
with the ATLAS detector 

1)  Motivation 
2)  Theoretical predictions 
3)  Event selection and analysis strategy 
4)  Measurement results 

Wolfgang Wagner 
Bergische Universität Wuppertal 
 
November 25, 2014 

work supported by: 

to be published in Phys. Rev. D  
arXiv:1406.7844 



A new era in (single) top-quark physics 
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FIG. 28: Comparison of the data with the sum of the predictions of the neural network output for the sum of all selected signal
data samples (left) and the neural network output for two-jet one-b-tag events applied to the untagged control sample, showing
close modeling of the data and good control over the W+light-flavor shape. The data are indicated by points with error bars,
and the predictions are shown stacked, with the stacking order following that of the legend.
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FIG. 29: Comparison of the predictions and the data for M!νb for events with an output above 0.4 of the original NN (left) and
a specially trained NN′ (right) discriminant. The data are indicated by points with error bars, and the predictions are shown
stacked, with the stacking order following that of the legend.

Decision trees allow many input variables to be com-
bined into a single output variable with powerful discrim-
ination between signal and background. Additionally,
decision trees are insensitive to the inclusion of poorly
discriminating input variables because the training al-
gorithm will not use non-discriminating variables when
constructing its nodes. In this analysis, we train a differ-
ent boosted decision tree (BDT) in each data sample. We
use the TMVA [94] package to perform this analysis [95].
The boosting procedure is described below.

The criterion used to choose the variable used to split
each node’s data and to set the value of the variable on
the boundary is to optimize the Gini index [96] p(1−p) =
sb/(s+ b)2, where p = s/(s+ b) is the purity and s and
b are the number of signal and background events in the

node, respectively.

A shortcoming of decision trees is their instability with
respect to statistical fluctuations in the training sample
from which the tree structure is derived. For example,
if two input variables exhibit similar separation power,
a fluctuation in the training sample may cause the algo-
rithm to decide to use one variable early in the decision
chain, while a slightly different training sample may re-
sult in a tree which uses the other variable in its place,
resulting in a substantially different tree.

This problem is overcome by a boosting [97] procedure
that extends this concept from one tree to several trees
which form a “forest” of decision trees. The trees are
derived from the same training ensemble by reweighting
events, and are finally combined into a single classifier

Single Top-Quark Discovery 
Tevatron 2009 

number of signal events: ≈ 200 number of signal events: 
§  3,900 in total 
§  1,800 in the high-purity region 

High purity region in the 7 TeV 
ATLAS data set 

Large sets of single top-quark candidate events offer new possibilities: 
precision measurements, differential cross-sections, properties 



Motivation for single-top measurements 

3 

parton distribution functions: 
u-quark, d-quark, b-quark 

weak coupling 
Ø  Vtb 
Ø  Lorentz structure 

search for new processes (not covered): 

Observables 

§  total cross-sections 

σ(tq) σ(t̄q)

§  cross-section ratio 

Rt =
σ(tq)

σ(t̄q)

§  differential  
cross-sections 

dσ(tq)

dpT(t)

dσ(tq)

d|y(t)|



Theory predictions on Rt 
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Range in Bjorken x:     
  0.02 < x < 0.5 

Uncertainties: 
 
§  Statistical uncertainty from integration 
§  Scale uncertainty (independent restricted 

scale variations) 
§  PDF internal uncertainties 
§  αs  ± 0.002 or correlated with PDF 

uncertainty 
§  Proposed procedure has been adopted by 

the TOPLHCWG  

shows significant differences 
between different PDF sets 

Calculation done with MCFM 6.5 and 
Hathor 

Rt =
σ(tq)

σ(t̄q)



Predictions on differential cross-sections 

5 

Differential top pT and y distributions do not show big differences for 
different PDF sets. 
 
è publication does not contain comparison for different PDF sets 



Selection of candidate events 
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§  Charged lepton (e, µ) selection: 
Ø  pT > 25 GeV 
Ø  |η(µ, e)| < 2.5           
Ø  Isolation in η-φ space 

§  Missing transverse momentum: ET
miss > 30 GeV 

§  QCD-multijet veto: MT(lET
miss) > 30 GeV 

§  Data sets defined by single lepton (e / µ) trigger 

§  Select only events with 
leptonic W decays, to 
suppress QCD-multijet 
background. 

§  Some acceptance due to 
W → τν decays.  

§  Jet definition and selection 
Ø  Anti-kT algorithm (R = 0.4)  
Ø  pT > 30 GeV 
Ø  |η| < 4.5 
Ø  number of jets: 2 or 3 
Ø  Exactly one b-tagged jet (@ 54% efficiency) 

(in 95% of all selected 2-jets events the b-quark jet from top 
decay is tagged) 

Measurement of 
forward jets is crucial 
for t-channel analyses. 



Analysis Strategy 
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2	  Jets	  
1	  tag	  

plus	  

minus	  

3	  Jets	  
1	  tag	  

plus	  

minus	  

3	  Jets	  
2	  tags	  

Candidate events are separated into 5 channels: 
Split into + and – of the lepton charge and split into  2-jet and 3-jet channel 

Used to constrain the b-tagging 
uncertainty (reduced by ≈50%) 

3-jet channels constrain the rate of 
top-quark-pair-production 

Neural networks are used to separate signal from background processes 

§  W + jets background rate determined by 
background dominated region in simultaneous fit 
with the signal rate 
 

§  Top-quark backgrounds (top-quark pairs, Wt, and 
tb production) constraint to theory prediction 
 

§  Multijet background rate determined by a fit to the 
MET distribution (electrons) and matrix method 
(muons)  



Inclusive cross-sections 
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top quarks  top antiquarks 



Result on Rt 
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§  Statistical and systematic 
uncertainties are at the same 
level 

§  Relative precision: 8.7% 

§  Result is compatible with all 
predictions 

Main uncertainties: Uncertainty Δ Rt / Rt 

Data statistical ± 6.2% 
Monte Carlo statistical ± 3.6% 
PDF ± 2.5% 
Background normalization ± 1.9% 



Extraction of Vtb 
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§  Combine top-quark and top-antiquark production to one process and refit. 

§  Measure: σ(tq + t̄q)

§  Result: 

σ(tq + t̄q) ∝ |Vtb|2

σ(tq + t̄q) = 68± 2 (stat.)± 8 (syst.) = 68± 8 pb

§  Use: 

Assume: Wtb vertex has Standard Modell (V - A) structure  
and |Vtb| >> |Vts|, |Vtd|  (using BR(t →Wb) measurements) 

|Vtb|2meas =
σ(tq + t̄q)meas

σ(tq + t̄q)pred
· |Vtb|2SM

Dominant uncertainties: 

JES of jets at high |η|, b-tagging efficieny, W+jets modelling  



Defining a high-purity region 
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require oNN > 0.8 

purity                  67%                               50% 



Event kinematics  
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Distribution of kinematic variables have signal shape. 

Forward jet at high |η|. Peak at the reconstructed top-
quark mass. 



Unfold top-quark pT and |y| 
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Top-quark 
and  
top-antiquark 
are treated 
separately. 

Correct for selection 
efficieny and migration 
effects: 

migration 
matrix of 
top-quark 
pT  



Differential cross-sections 
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top-quark 
pT  

top-
antiquark 

pT  

top-quark 
|y|  

top-
antiquark 

|y|  

Good  
agreement 
with NLO 
prediction! 



Normalized Distributions 
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top-quark 
pT  

top-
antiquark 

pT  

top-quark 
|y|  

top-
antiquark 

|y|  

Good  
agreement 
with NLO 
prediction! 



A glimpse ahead to 8 TeV 
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ATLAS-CONF-2014-007 
Measurement of a fiducial cross-section: 

§  Measurement within the accessible phase space. 

§  Reduced dependence on the extrapolation to the 
full phase space using Monte Carlo generators. 

§  Measurement based on ≈ 18,000 events! 

Comparison of different MC 
generators and parton 
showers. 

NLO generators clearly 
improve scale 
dependence compared to 
LO (AcerMC). 



Conclusion 
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§  Thorough investigation of single top-quark production in the t-channel at  
√s = 7 TeV  è  measurement of several cross-sections: 

σ(tq) = 46± 6 pb σ(t̄q) = 23± 4 pb σ(tq + t̄q) = 68± 8 pb

§  Measurement of the cross-section ratio: Rt = 2.04± 0.18

§  All measurements are in agreement with the SM prediction. 

§  Data are available in HEPDATA. 

§  Rt has the potential to discriminate 
among some PDF sets, but need 
reduced uncertainties. 

§  Improvements are expected for  
8 TeV data sets: 

Ø  data statistical uncertainty 
reduced by factor of 2 

Ø  reduced uncertainties on jets 
and signal model 

to be published in Phys. Rev. D  
arXiv:1406.7844 
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Backup 



Theory cross-section 
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NLO + NNLL resummation by N. Kidonakis 



ET
miss fit 
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Event yield 
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Input variables 
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Examples of discriminating variables 
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NN discriminant shapes 
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Post-fit input variables 
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Shape uncertainties 
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Systematic uncertainties 1 
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Systematic uncertainties 2 
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Top mass dependence 
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