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Outline

• 8 TeV t-channel measurement 
• Fiducial and total cross-sections 

• Rt 

• Differential cross-sections 

• 13 TeV tW cross-section (2015 data)
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t-channel single top-quark production

• Interesting aspects: 
• Treatment of b-quarks (4FS/5FS) 
• PDF dependence u/d valence quarks
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Event selection

• 1 charged lepton (e or μ) and dilepton veto 
• pT > 25 (20) GeV 

• 2 jets 
• pT > 30 GeV (35 GeV in forward direction) 

• mT(ℓ,b) < 160 GeV (not in MC) 

• ETmiss and mT(ℓ,𝜈) cuts to reduce backgrounds 

• Use a neutral network (NN) to improve signal and 
background (mostly tt and W+jets) separation
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Signal and background fractions

• 15-20% of the events in the signal region are really signal 

• Use a neural network to improve the sensitivity 

• With a cut on NN output (ONN > 0.8) can achieve 
something like 2:1 S/B with decent statistics 
• Used for differential cross-section extraction
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Cross-section extraction

• Binned maximum-likelihood fit used 

• Separate cross-section determination for ℓ+ and ℓ- events
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Fiducial cross-section measurements

• Define a fiducial phase space close to experimental phase 
space 

• Measured cross-section less dependent on MC generator
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Systematic uncertainties

• Evaluation based on 
pseudo-experiments 

• Several uncertainties 
smaller for fiducial cross-
section than total cross-
section 

• tt uncertainties larger for 
t than t due to smaller S/
B
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Source ��fid(tq) / �fid(tq) ��fid(t̄q) / �fid(t̄q)
[%] [%]

Data statistics ± 1.7 ± 2.5
Monte Carlo statistics ± 1.0 ± 1.4

Background normalisation < 0.5 < 0.5
Background modelling ± 1.0 ± 1.6
Lepton reconstruction ± 2.1 ± 2.5
Jet reconstruction ± 1.2 ± 1.5
Jet energy scale ± 3.1 ± 3.6
Flavour tagging ± 1.5 ± 1.8
Emiss

T modelling ± 1.1 ± 1.6
b/b̄ tagging e�ciency ± 0.9 ± 0.9
PDF ± 1.3 ± 2.2
tq (t̄q) NLO matching ± 0.5 < 0.5
tq (t̄q) parton shower ± 1.1 ± 0.8
tq (t̄q) scale variations ± 2.0 ± 1.7
tt̄ NLO matching ± 2.1 ± 4.3
tt̄ parton shower ± 0.8 ± 2.5
tt̄ scale variations < 0.5 < 0.5
Luminosity ± 1.9 ± 1.9

Total systematic ± 5.6 ± 7.3
Total (stat. + syst.) ± 5.8 ± 7.8

-
-
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Fiducial cross-sections
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Cross-section ratio Rt
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Predictions calculated in 5FS:
 syst.⊕stat. stat.

 unc.sα PDF + ⊕scale 

Source �Rt/Rt [%]

Data statistics ± 3.0
Monte Carlo statistics ± 1.8

Background modelling ± 0.7
Jet reconstruction ± 0.5
Emiss

T modelling ± 0.6
tq (t̄q) NLO matching ± 0.5
tq (t̄q) scale variations ± 0.7
tt̄ NLO matching ± 2.3
tt̄ parton shower ± 1.7
PDF ± 0.7

Total systematic ± 3.9
Total (stat. + syst.) ± 5.0

Measured value compatible with most PDF sets

Rt =
�
tot

(tq)

�
tot

(

¯tq)
= 1.72± 0.05 (stat.) ± 0.07 (exp.) = 1.72± 0.09.
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t-channel differential cross-sections

• Use to test SM predictions 

• Search for signs of new physics 

• Validate and use as input for MC tuning 

• Cross-sections measured: 
• pT(t) and |y(t)| for top and antitop at parton level 

• pT(t), |y(t)|, pT(j) and |y(j)| for top and antitop at particle level
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Normalised cross-section vs. pT(t) at particle level
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Normalised cross-section vs. y(t) at particle level
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Normalised cross-section vs. y(j) at particle level
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tW production at 13 TeV

• Direct access to |Vtb| 
• Sensitive to new physics that 

could modify |Vtb| 

• Interesting overlap/interference 
with tt 

• Observations so far all in 
dilepton channel 

• First publication at 13 TeV
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Event selection

• 2 oppositely charged leptons (e or μ) 
• pT > 25 (20) GeV 

• 1 or 2 central jets 
• pT > 25 GeV 

• ETmiss and mℓℓ cuts to reduce backgrounds 

• Use a Boosted Decision Tree (BDT) to improve signal and 
background (mostly tt) separation

19
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Event numbers
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Result and systematic uncertainties
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3− 2− 1− 0 1 2 3

b-jet efficiency scale fac. 0

ρJES: pileup 

PDF central value

 intercal. modelηJES: 

Wt ME generator

Luminosity

 I/FSRtt

JES: Eff1

JES: flavour composition

Parton Shower generator

µ∆

0.6− 0.4− 0.2− 0 0.2 0.4 0.6

θ∆)/0θ - θ(
3− 2− 1− 0 1 2 3

Pull

µPre-fit Impact on 

µPost-fit Impact on 

ATLAS -1 = 13 TeV, 3.2 fbs

Source ��Wt/�Wt[%]

Jet energy scale 21
Jet energy resolution 8.6
Emiss

T soft terms 5.3
b-tagging 4.3
Luminosity 2.3
Lepton e�ciency, energy scale and resolution 1.3

NLO matrix element generator 18
Parton shower and hadronisation 7.1
Initial-/final-state radiation 6.4
Diagram removal/subtraction 5.3
Parton distribution function 2.7
Non-tt̄ background normalisation 3.7

Total systematic uncertainty 30
Data statistics 10

Total uncertainty 31

NLO ME generator 
POWHEG vs. aMC@NLO

cross-section																																		,	significance:	4.8σ	(4.1σ)

Expect main uncertainties to go down with 2015+16 data
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Summary of single-top cross-section 
measurements
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Conclusions

• 8 TeV single-top t-channel results 
• 5.8% (7.8%) uncertainty on t(t) fiducial cross-section 

• Rt uncertainty of 5% 

• Differential cross-sections determined as a function of many 
variables at both particle and parton levels 

• First 13 TeV tW results 
• Modelling and JES uncertainties dominant 

• Should improve with better MC, more data and more studies
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t-channel neural-network variables

25

Variable symbol Definition

m(jb) The invariant mass of the untagged jet (j) and the b-tagged jet (b).
|⌘(j)| The absolute value of the pseudorapidity of the untagged jet.

m(`⌫b) The invariant mass of the reconstructed top quark.

mT(`Emiss
T ) The transverse mass of the lepton–Emiss

T system, as defined in Eq. (??).
|�⌘(`⌫, b)| The absolute value of �⌘ between the reconstructed W boson and the b-tagged jet.

m(`b) The invariant mass of the charged lepton (`) and the b-tagged jet.

cos ✓⇤(`, j) The cosine of the angle, ✓⇤, between the charged lepton and the untagged

jet in the rest frame of the reconstructed top quark.
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tW event selection

26

At least one jet with pT > 25GeV, |⌘| < 2.5

Exactly two leptons of opposite charge with pT > 20GeV,

|⌘| < 2.5 for muons and |⌘| < 2.47 excluding 1.37 < |⌘| < 1.52 for electrons

At least one lepton with pT > 25GeV, veto if third lepton with pT > 20GeV

At least one lepton matched to the trigger object

Di↵erent flavour

Emiss
T > 50GeV, if m`` < 80GeV

Emiss
T > 20GeV, if m`` > 80GeV

Same flavour

Emiss
T > 40GeV, always

veto, if m`` < 40GeV

4Emiss
T > 5m``, if 40GeV < m`` < 81GeV

veto, if 81GeV < m`` < 101GeV

2m`` + Emiss
T > 300GeV, if m`` > 101GeV
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1j1b
Variable S

⇥
10�2

⇤

psysT (`1`2Emiss
T j1) 5.3

�pT(`1`2, Emiss
T j1) 2.9P

ET 2.7
�pT(`1`2, Emiss

T ) 1.2
psysT (`1Emiss

T j1) 0.9
C(`1`2) 0.9
�pT(`1, Emiss

T ) 0.8

BDT discriminant 8.6

2j1b
Variable S

⇥
10�2

⇤

psysT (`1`2) 1.7
�R(`1`2, Emiss

T j1j2) 1.7
�R(`1`2, j1j2) 1.5
m(`1j2) 1.4
�pT(`1`2, Emiss

T ) 1.4
�pT(`1, j1) 1.4
m(`1j1) 1.3
pT(`1) 1.3
�(psysT )(`1`2Emiss

T j1) 1.2
�R(`1, j1) 1.2
pT(j2) 0.9
�(psysT )(`1`2Emiss

T j1j2) 0.9
m(`2j1j2) 0.3
m(`2j1) 0.3
m(`2j2) 0.1

BDT discriminant 10.9


