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Introduction
➢ single top quark production

➢ single top at different energies (approx. NNLO,                      , 4FS, MSTW2008) 
        7 TeV                                              8 TeV                                              13 TeV
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Phys. Part. Nucl. 45, 2014 & 
arXiv:1506.04072, 2015
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Single Top t-channel Production
➢ Why are single tops interesting?

➢ … in searches for BSM
– 4th generation of quarks, heavy bosons (W'), charged Higgs
– FCNC
– anomalous EWK couplings (corrections from higher energies)
– dark matter associated production

V  –   A

➢ … in the SM
– direct measurement of CKM matrix element

– test of EWK coupling structure 

forward
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First Single Tops at LHC
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7 TeV: First Single Tops at LHC
➢ “early analysis” with only            with CMS

– 2D analysis: binned likelihood fit to         &       ; boosted decision tree with Bayesian approach 

➢ search (            ) & observation (              ) of single tops at ATLAS
– cut analysis likelihood-based & binned fit to neutral network

Phys. Rev. Lett. 107:091802, 2011
ATLAS-CONF-2011-027
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7 TeV: Advanced Analyses
– CMS : binned likelihood fit to untagged jet       & 2 complementary analyses with MVAs

      
– ATLAS: binned likelihood fit to MVA discriminator output distribution (lepton charge separated)

 → both results in agreement with prediction:

JHEP 12 (2012) 035
Phys. Rev. D. 90 112006 2014

neural network output boosted decision tree output

neutral network output neutral network output
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                                  & top polarization

7 TeV ATLAS: Wtb Couplings
➢ define angles in top rest frame

W boson
top spin ~ q'

lepton

paper in preparation

NEWNEW

magnitude & rel. phase of generalized helicity fractions
 → depend on anomalous Wtb couplings

➢ event selection like cross section measurement
– 1 iso.       (                                  )
– 2 jets                                    (1 b-tagged)

➢ parametrization through spherical expansion 

SM
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7 TeV ATLAS: Wtb Couplings (2)
➢ novel measurement method

– event-based probability through analytical folding model
(comparable method: matrix element method)

➢ results (assuming                   )

NEWNEW

NEW! no previous limit

 → well in agreement with SM:

folding over true angles

efficiency resolution accounts also for    background 
dependence on

signal yield

from PROTOS event generator

paper in preparation
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7 TeV CMS: Wtb Couplings
➢ event selection like cross section measurement

– 1 iso. muon 
– jets                                    & b-tagging

➢ measurement strategy
– 2 Bayesian neutral networks 

(signal vs. background & SM vs. anom. couplings)
– combine 3 special samples (CompHep)

 → can be reweighted to arbitrary coupling scenario
– infer limits through binned likelihood fit

CMS-TOP-PAS-14-007

Bayesian neutral network     vs. 

observed(expected) observed(expected)
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8 TeV Results
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8 TeV: t-channel Cross Section
➢ event selection: ATLAS (CMS)

– 1 isolated lepton: muon
or electron

– jets:       
– b-tagging: MVA (3rd highest impact parameter significance             of displaced tracks)

➢ analysis strategy
– data-driven QCD multijet background estimation
– solve neutrino     by imposing W mass constraint  reconstruct top quark→
– signal extraction: binned likelihood fit

● CMS:        of non-tagged jet     inclusive cross section &      ratio
● ATLAS: neutral network (NN)     fiducial cross section & inclusive total cross section 

➢ background/signal (from CMS in top mass window) 
          7 TeV                                          8 TeV 

JHEP06 (2014)  090
ATLAS-CONF-2014-007
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8 TeV CMS: Results JHEP06 (2014)  090

➢ pseudo rapidity of non-tagged jet

➢ major uncertainties (>2%) measured inclusive cross section 

 comparison with theory
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What's/Why Fiducial?
➢ measure        only within detector acceptance (“fiducial region”)

– generator modeling can be verified against data
– no extrapolations into “invisible” regions (e.g.             ,              )
– mostly only experimental uncertainties (theoretical uncertainties separated)
– requires application of selection at particle level as well (close to acceptance)

➢ fiducial selection (ATLAS 8 TeV cross section measurement)
– stable particles
– leptons (      ) from W boson decay (excl. leptons from hadron decays)

& clustered with photons                       → “dressed” lepton
– jets (anti-                 ) & b-tagging by matching to B-hadrons
– missing transverse energy:

ATLAS-CONF-2014-007
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8 TeV ATLAS: Results
➢ neutral network validation                major uncertainties (>2%) 

➢ fiducial cross section

      inclusive cross section

ATLAS-CONF-2014-007
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8 TeV CMS: Fiducial
➢ event selection same as inclusive 8 TeV cross section measurement
➢ fiducial selection on generator particles 

– consider particle                     as stable
– 1 “dressed”       (anti-                 ) with 
– 2 jets (anti-                 ) with
– 1 b-jet using the “ghost b-hadrons” method (                                )

● find non-resonant b-hadrons not decaying to other hardons
● rescale momentum to very small value & allow them to be clustered into jets

➢ result

CMS-PAS-TOP-15-007

NEWNEW

stat+exp scale PDF matching
fiducial
inclusive
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8 TeV: Limits on CKM Element
➢ calculation

– assume
– “strength” of top production vertex

without assumptions on number of quark generation & no unitarity constraint

➢ results

(    = left-handed “form factor”;            )

7+8 TeV t-channel combination

ATLAS

CMS

JHEP06 (2014)  090
ATLAS-CONF-2014-007
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➢ ATLAS 7 TeV

➢ CMS 8 TeV

Charge Ratio:
major uncertainties 

major uncertainties

JHEP06 (2014)  090
Phys. Rev. D. 90 112006 2014

similar tension
between data &  
PDF sets despite 
different     
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8 TeV CMS: Differential
➢ event selection similar to cross section measurement
➢ analysis strategy

– train neutral network
– binned likelihood fit to neural network (NN) output  signal/background yields→
– apply additional optimized selection on neutral network output

(muon:              , electron:              )
– unfold data in single top enriched phase space (after background subtraction)

CMS-TOP-PAS-14-004
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ATLAS/CMS: Differential 

➢ unfolding
– CMS:    -minimization with 

penalty term for regularization
– ATLAS: apply Bayes' theorem

iteratively until result stabilizes

➢ result
– first comparison of 4FS/5FS
– data well in agreement with 

tested generators

CMS-TOP-PAS-14-004
Phys. Rev. D. 90 112006 2014

➢ CMS 8 TeV

➢ ATLAS 7 TeV (   -only)
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Hi there!

Single Top at 13 TeV
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13 TeV: Single Top t-channel

1 isolated muon,                     , 
2 jets: 1 passes b-tagging, other jet              ,
reconstructed top candidate: 

MET

muon

b-tagged jet

forward jet
1 isolated muon                     ,
2 jets from calorimeters: 
   central jet passes b-tagging                    ,
   forward jet                    ,

Hi there!
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13 TeV CMS: Early CMS-PAS-TOP-15-004

NEWNEW
➢ follows strategy of 8 TeV inclusive cross section measurement
➢ event selection

– 1 single isolation muon: 
– 2 jets:                                  & 1 jet b-tagged  (MVA-based)

– QCD multijet:
● shape from data with loosened lepton isolation
● yield from            -fit & rejection

– W+jets from simulation & validated outside top mass window (                                 )

see also poster by G. Krintiras' !
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13 TeV CMS: Early             (2)
➢ binned likelihood fit to      in 2 jets (1 b-tag) & 3 jets (2 b-tags) region

➢ uncertainties    result

 significance
   observed:          expected:

 → more in N. Faltermann's talk (YSF) this evening!

CMS-PAS-TOP-15-004

NEWNEW
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Conclusion: t-channel Production
measured cross section CKM matrix element
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Backup
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Single Top Cross Sections

➢ t-channel

➢ tW

➢ s-channel

Phys. Part. Nucl. 45, 2014 & 
arXiv:1506.04072, 2015

(approx. NNLO,                      , 4FS, MSTW2008) 
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7 TeV CMS: Uncertainties JHEP 12 (2012) 035
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7 TeV ATLAS: Uncertainties Phys. Rev. D. 90 112006 2014
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7 TeV ATLAS: Wtb Couplings

SM

paper in preparation

NEWNEW

SM



Slide 30M. Komm - Single Top Production: t-channel

ATLAS Wtb: Analysis Method
➢ efficiency

➢ resolution

➢ folding

➢ final likelihood

paper in preparation

NEWNEW
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Spherical Expansion paper in preparation

NEWNEW
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ATLAS Wtb Couplings paper in preparation

NEWNEW



Slide 33M. Komm - Single Top Production: t-channel

8 TeV CMS: Validation
➢ validation of 

➢ reconstructed top quark mass

– QCD multijet shape:
loosened lepton isolation

– QCD yield:                  -fit
– QCD rejection:

electron:
muon:          

– W+jet background shape 
from data in top quark 
mass side band
(                        or        
                        )
after subtracting all other 
contributions

JHEP06 (2014)  090
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8 TeV CMS: Uncertainties JHEP06 (2014)  090
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8 TeV ATLAS: Validation
➢ validation of neutral network performance in control regions (CR)

– QCD multijet shape: 
● electron: “lepton-jet” method (select jets with similar properties as electrons from simulation)
● muon: inverted selections (use data shape from multijet enriched region)

– QCD yield:      - fit 
– QCD rejection:                            &

ATLAS-CONF-2014-007

– input variables
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8 TeV ATLAS: Uncertainties ATLAS-CONF-2014-007
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8 TeV CMS: Fiducial CMS-PAS-TOP-15-007

NEWNEW
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CMS: 13 TeV CMS-PAS-TOP-15-004

NEWNEW
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