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Single Top @ LHC

• Single top quark production is one of the 
important electroweak processes at LHC

➛ direct probe to the charged current
       interaction via tWb coupling
➛ allows measurement of |Vtb|, study of top

       quark polarization
➛ sensitive to b-quark PDF
➛ sensitive to new physics like anomalous 

       couplings (FCNC), 4th generation, 
       charged Higgs (H±) interaction etc.

• Single top production in pp collisions at 
LHC can be characterized via 3 modes

➛ t - channel 
➛ tW - channel 
➛ s - channel

• t-Channel  has highest cross-section, 
followed by tW-channel and s-channel 
respectively

t - channel

tW - channel

s - channel
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Cross - section measurements
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t - channel cross-section @ 8 TeV

• Experimental Signature:
➛ isolated lepton (muon/ electron)
➛ light quark jet with high |ηj’|
➛ central high - pT b-jet
➛ missing transverse energy

• Major Systematics: signal modeling, JES 

JHEP 06 (2014) 090

σt-ch (8 TeV)=83.6 ± 2.3 (syst.) ± 7.4 (syst.) pb
Rt-ch (8 TeV) = 1.95 ± 0.10(stat.) ± 0.19 (syst.)
Under SM assumption:
|Vtb| (8 TeV)= 0.998 ± 0.038 (exp.) ± 0.016 (theo.)
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• Main Backgrounds: tt¯, W+Jets, QCD 
multijet

• Typical 2J1T selection (2 jets, one of them 
b-tagged ) 

• Template fit to |ηj’| or MVA discriminant
• Background estimation: 
➛ Correct tt¯ shape/normalization using 

       3J2T events
➛ Take W+Jets shape from mtop  SB (< 130 

       GeV or > 220 GeV) / use 3J1T events
➛ Data-driven QCD from MT,W or ɆT  

       (inverting lepton isolation)

Muon Electron



CMS PAS TOP-15-007  6

t - channel fiducial cross-section measurement @ 8 TeV

• Define a fiducial volume with selections cuts on 
MC truth objects close to cuts applied on 
reconstructed objects

• Restriction of the measurement to a well defined 
fiducial volume 
 ➛  reduces final result dependency on estimated 
      acceptance-based extrapolation



t - channel differential cross-section @ 8 TeV
• 2J1T event selection
• NN trained with variables uncorrelated 

to top pT and |y| 
• Cut on NN output to obtain signal 

enriched sample
• Unfold background subtracted data to 

compare with MC prediction
• Largest uncertainties: JES, ɆT , 

renorm. scale, tt¯ and W+ heavy flavor 
modeling 

• aMC@NLO 4FS + Pythia8 gives better 
description in the tail of pT 

Electron Muon

top pT top |y|

top pT top |y|

CMS PAS TOP-14-004
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NN discriminator cut > 0.3 (0.4) 
for μ (e)



Inclusive

t - channel cross-section @ 13 TeV

CMS PAS TOP-16-003

σt-ch (13 TeV) = 227.8 ± 9.1 (stat.) ± 14.0 (exp) +28.7 / -27.7(th.) ± 6.2 (Lumi) pb
Rt-ch (13 TeV) = 1.75 ± 0.16(stat.) ± 0.21 (syst.)
Under SM assumption:  |Vtb| (13 TeV) = 1.02 ± 0.07 (exp.) ± 0.02 (th.)

• Simultaneous fit to MVA output in 2J1T, 3J1T and 3J2T events
• Experimental systematics are mostly introduced as nuisance parameters
• Theoretical uncertainties are evaluated using pseudo-experiments 
• Main uncertainties: Signal modeling, PDF, JES 
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New



tW - channel observation
• ee, eμ, μμ final state
• Events categorized in bins of #of jets and # of b-tags
• Signal region: 1J1T
• Dominant background: tt¯ 

 ➛ controlled by simultaneous fit to 2J1T and 2J2T  
• Fit BDT discriminant to extract cross-section
• σmeas = 23.4 ± 5.4 pb
• 6.1σ significance ➛ First observation 
• |Vtb| = 1.03 ± 0.12 (exp.) ± 0.04 (th.)

PRL 112 (2014) 23180  9



s - channel production

arXiv:1603.02555, 
submitted to JHEP
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• Lepton + 2 b-jet final state
• Tiny signal in comparison with 

backgrounds
• Dominant backgrounds : tt¯, 
    t-channel single top, W+bb
• BDTs trained in 2J2T and 3J2T
☛ s-channel vs rest in 2J2T
☛ tt¯ vs rest in 3J2T

• Likelihood fit to BDTs
• Largest systematic uncertainties: 
☛ Theory modeling: renorm. 
scale, ME-PS
☛ JES, JER, ɆT

Muon 7 TeV

2J2T
Muon 8 TeV

2J2T

Electron 8 TeV
2J2T
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Single top-quark production
Inclusive cross sections

)pt-channel (pp or p

)ptW (pp or p

)ps-channel (p

s-channel (pp)

Summary of Single Top cross-section measurements in CMS



Properties measurement
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Top polarization in t - channel

• 𝜃X* = Angle between muon and light quark in 
top rest frame

• Pt : Top polarization , 𝜶X = 1 in SM
• 2J1T event selection
• Fit BDT discriminant to determine signal and 

background normalization
• Cut on BDT output to select signal enriched 

region
• Unfolding to correct for detector effects    

Aμmeas = 0.26 ± 0.03 (stat.) ± 0.10 (syst) = 0.26 ± 0.11
AμSM = 0.44
=> Measured value ~2σ away from SM prediction 

• JES, JER, W+ heavy flavor jets modeling, Q2 scale, 
PDF etc.  are the main source of uncertainties 

arXiv:1511.02138 , accepted by JHEP  13



W - helicity measurement

JHEP 01 (2015) 053

• 𝜃𝓁
* : Angle between W in top rest frame and 𝓁 in W rest frame

• FL, F0 to be extracted from ML fit to cos𝜃𝓁
* and FR from Σ Fi =1 

• POWHEG simulation for SM: FL = 0.3, F0=0.7, FR=0 
• Set limits on anomalous vector and tensor couplings in tWb 

vertex 
• 2J1T selection applied
• All processes with t ➛bW considered as signal
• FL, F0 and W+Jets normalization are kept free to float, all other 

normalizations fixed to t-channel cross-section measurement 
• Signal modeling is the dominant uncertainty 
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Search for anomalous t𝛾-coupling in single top events

• Isolated muon, isolated energetic photon, one b-jet & ɆT 
in the final state 

• Main backgrounds: W𝛾 + Jets and W+Jets 
 ➛ controlled by ML fit of NN output to data where 
     W+Jets shape is obtained from CR defined by 0-tag 
     and loose shower-shape criteria

• BDT discriminator is fitted to data to extract limits 
• B(t ➛u𝛾) < 1.3 x 10-4 & B(t ➛c𝛾) < 1.7 x 10-3  @ 95% CL
• Most stringent limits currently available

 15JHEP 04 (2016) 035
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Summary of FCNC searches in top decay
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Summary & Outlook
• Precise measurement of t - channel cross -section at √s = 13 TeV has been 

performed and preliminary result in agreement with SM within uncertainties

• Current measurements are mostly dominated by uncertainties of theoretical 
origin 

➛ Need better understanding of MC generators

• A precise tW - channel measurement is expected with Run2 data

• Push hard for s-channel observation at √s = 13 TeV

• LHC combination of single top cross-sections with Run1 data is in progress

• Improve limits for anomalous coupling measurements

• Eagerly waiting for exciting results / surprises that Run2 of LHC has to offer
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Thank		
You



Back Up
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Overview of CMS detector

�20

Almost all single top analyses require information from all detector subsystems to 
reconstruct jets (central and forward), leptons and ɆT 



Rt-ch Summary

8 TeV

13 TeV
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t-channel@13 TeV: Uncertainty Table

An Estimate of relative contribution of different profiled uncertainty sources

�22



t-channel@8 TeV: Uncertainty Table



t-channel differential @8 TeV: Uncertainty Table

top pT

top |y|



tW - channel @ 8TeV: Uncertainty Table



s - channel @ 7+8TeV: Uncertainty Table



Top polarization in t-channel@8 TeV: Uncertainty Table



Anomalous t𝛾-coupling @8 TeV: Uncertainty Table



Input to Multivariate Analysis for t-channel @ 13 TeV
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Event shape variables:
C = 3 x (λ1λ2+λ2λ3+λ3λ1), measures 3-jet structure an the event
D = 27x(λ1λ2λ3),  measures 4-jet structure of an event
Aplanarity = 3λ3 / 2 , measures transverse momentum component out of event plane
where λi -s are eigen values of linearized momentum tensor

Input variables to MVA in t-channel differential cross-section @ 8TeV 



 Top polarization in t-channel @ 8TeV: MVA inputs 

Input variables for BDTW/tt¯

Input variables for 
BDTMultijet

BDTMultijet >  -0.15 to reject QCD multijet background 



Top polarization in t-channel @ 8TeV: BDTMultijet Distribution  



 tW-channel @ 8TeV: MVA inputs 



s-channel: MVA inputs 

Electron

Muon



• Results interpreted in terms of anomalous, real tensor coupling with 
the assumption VR= 0

• Best Fit values: gL = -0.017, gR=-0.008

Anomalous coupling limit from  W helicity measurement



W helicity measurement @ 8TeV: Uncertainty Table



Post Fit Plots t-channel @ 13TeV

DHEP Seminar �37

Inclusive μ+ μ-2J1T

3J1T

3J2T



t-channel theory cross - section

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopRefXsec



tW , s - channel theory cross - section

tW - channel

s - channel

https://twiki.cern.ch/twiki/bin/view/
LHCPhysics/SingleTopRefXsec


