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Introduction
• Single top quark production at the LHC ó

electro-weak production of top quarks.

• Important measurements for :
• testing the SM predictions/calculations,
• constraining PDFs, measuring |𝑉#$|,
• searching for new physics.
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• Measurements performed at 7, 8 and 13 TeV, for different 
channels :

• t-channel, tW-channel, s-channel, 
• Other rare processes, tZq.

• Outline :
• t-channel inclusive and differential cross sections, |𝑉#$| and PDF 

constrains,
• tW inclusive cross section,
• Rare processes : s-channel, tZq channel.



8TeV 13 TeV order

t-chan. 84'()( pb 217'-). pb (213.71.-2.3pb) NLO (NNLO)

tW-chan. 22'4)4 pb 71'4)4 pb aNNLO

s-chan. 5.2'1.61)1.66 pb 10'4)4 pb NLO

Single top production 
and properties
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• Cross-sections of t, s and tW channels,
• Measurement of |Vtb|,
• Anomalous couplings and FCNC/H,
• PDF,
• Top polarization.

W-helicity,
Top polarization.

Discussed in this talk
See talk of Andrea Castro
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Measurement of the 
t-channel production 
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t-channel cross section 
at 13 TeV

• Event selection : 
• single muon trigger, 1 isolated high 𝑝9 muon, 
• 2 high 𝑝9	jets (up to 𝜂 <4.5 for light jet,                    

2.4 for b-jet), b-tagging tight,
• 𝑚9 𝑊 >50 GeV.

• Multijet background : estimated from a fit of 𝑚9(𝑊).

• Signal extraction: combined multivariate (NN) using 3 
samples :

• 2 jets, 1 tag (2J1T) => Signal Region,
• 3J0T and 3J1T => 𝑡𝑡̅-enriched Control Regions,
• 2J0T used to validate the W+jets background.

• Most discriminating variables: |𝜂(𝑗E)|, 𝑚#, dijet mass,
𝑚9(𝑊). Dominant systematics: signal and 𝑡𝑡̅
modelling, JES.

arXiv:1610.00678, acc. PLB

(±13%)



t-channel cross section 
at 13 TeV

• Measurement if |𝑉#$| from cross section.
• Assumes 𝑉#$ ≫ 𝑉#H ≫ 𝑉#I .

• Measurement of 𝑡/𝑡̅ cross section ratio.

arXiv:1610.00678, acc. PLB



t-channel differential cross section 
at 13 TeV

• Event Selection : similar to CMS-TOP-16-003.
• Top quark reconstructed from the muon, the b-jet 

and the MET + W mass constrain.

• Signal extraction: 
• similar to CMS-TOP-16-003, 
• Choice of BDT variables : avoid bias in the 

measurement,
• in the 2J1T, fit of a BDT for 𝑚9(𝑊)>50 GeV, use  
𝑚9(𝑊) distribution otherwise.
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• Distribution unfolded 
to parton level after 
background 
subtraction.

CMS-TOP-16-004



• Measurement of the differential cross section 
as a function of  𝑐𝑜𝑠𝜃∗ (lepton in top rest frame 
and recoiling jet).

• Sensitive to the top-quark polarisation.

• Event selection and signal extraction :    
similar to the t-channel inclusive cross section 
measurement.

• Differential cross section unfolded at parton 
level. Top quark spin asymmetries :

Top polarization in t-channel
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2𝝈 deviation w.r.t. SM

JHEP 04 (2016) 073

𝑨𝝁(𝑺𝑴) = 𝟎. 𝟒𝟒



Measurement of the 
tW- and s-channels production 
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tW channel at 8 TeV
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• Signature (in dileptonic channel) : 2 leptons (e or 𝜇), 
1 b-tagged jet.

• Event selection : 
• dilepton triggers, 2 isolated leptons, ≥2 jets, 

≥ 1 b-tagged jet, 
• Z mass veto and large MET only for 𝑒𝑒 and 𝜇𝜇.

• Signal and control regions :
• Signal : 1J1T,
• Backgrounds and b-tag efficiency: 2J1T, 2J2T,

• Signal extraction : fit of a BDT discriminant. Most 
discriminating variables : (b-tag) multiplicities of loose 
jets. 

• Dominant systematics : signal and 𝑡𝑡̅ modelling 
uncertainties.

• First Observation  : 6.1σ, 23.4±5.4 pb.

• Combination LHCtopWG : ~10% improvement of the 
best measurement.

Phys. Rev. Lett. 112 (2014) 231802

TOP-15-019

(±𝟐4%)

1J1T



s-channel cross section  
at 7 and 8 TeV (CMS)

• Event selection: single lepton 
trigger, one high 𝑝9 lepton, at 
least one high 𝑝9 jets.

• Signal extraction : combined fit 
of a BDT discriminant : 
2J2T(SR), 2J1T(Wjets), 
3J2T(ttbar).

• Most discriminating variables : 
𝑚9 𝑊 , Δ𝑅$$,𝑚^$6, 𝑝#$$, Δ𝜑^$2.
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Significance : 2.5 (1.1) obs. (exp.)

JHEP 09 (2016) 027

Limited by stat. and signal and 𝑡𝑡̅ modelling.

2J1T 2J2T



Summary of cross section 
measurements
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Measurement of other
rare single top processes
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Search for tZq
• Search for tZq (SM) at 8 TeV : sensitive to tZ-coupling, triple-boson 

coupling, backgrounds for searches.

• Event selection :
• 3 leptons (𝑒 or 𝜇), 𝑝9 > 20 GeV, 𝜂 < 2.5,
• 1 forward jet, 𝑝9 > 30 GeV, 𝜂 < 4.5,
• 1 loose b-tagged jet,
• 𝑚9

` > 10 GeV.

• Signal extracted from a BDT (2J1T),  non-prompt leptons constrained 
using data (1-2J0T). 

• Cross-checked with a Cut&count method : good agreement.
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arXiv:1702.01404, acc. by JHEP

Sign = 2.4 (1.8 exp.)
FCNC re-interpretation : Andrea Castro

≥2j,≥1t 1-2j,0t aMC@NLO : 8.2 fb



Conclusion

• Single top production intensively studied at 
CMS.

• inclusive and differential cross sections for 
various channels and at various collision 
energies,

• large statistics allows to probe more deeply 
single top processes,

• start to be sensitive to rare processes.

• Higher luminosity will allow for more studies, 
many more results to come :

• precision measurements,
• more differential cross sections,
• search for rare processes (tHq, t𝛾q, tZq),
• and search for new physics.
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Systematic table t-channel
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NN variable t-channel
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Differential t-channel
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Polarisation t-channel 
systematics
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Polarisation t-channel BDT 
variables
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QCD BDT

QCD W/ttbar



Systematic table tW-channel
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Systematic table s-channel
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Fiducial t-channel
• Fiducial measurement : restrict acceptance to the visible phase-space.

• Motivations :
• No extrapolation from the visible phase-space to the full phase space, rely less on MC,
• Modelling uncertainties highly reduced.

• Main difficulty : definition of fiducial volume ó selection at particle level.
• Particle level selection : 

• Stable particle =>𝑐𝜏 ≥ 10 mm,
• Dressed leptons, jet clustered from stable particles,
• B-jets determined from the “ghost-b-hadrons” method.
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Fiducial t-channel
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