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Motivation 

Electroweak production of top quark 
!   Measurement of Standard Model (SM) 

!   Establish different production channels 
!  Compare cross sections with SM 

!  Check unitarity of CKM matrix 

!    Test b-quark PDF 

!   Search for New Phenomena 
!   FCNC 

!  W’ 

!  H+ 

!   4th generation 

!  … 
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Overview of Channels 
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t-Channel 

64.2 ± 2.6 pb 

2.1 ± 0.1 pb 

Wt-Channel 

15.6 ± 1.3 pb 

0.25 ± 0.03 pb 

s-Channel 

4.6 ± 0.2 pb 

1.05 ± 0.05 pb 

LHC cross sections* (√s = 7 TeV) 

Tevatron cross sections* (√s = 1.96 TeV) 

N. Kidonakis: arXiv 1103.2792, 1005.4451, 1001.5034 

* NLO + NNLL resummation (NNLO appoximation), mt = 173 GeV 
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!   PRL 107 (2011) 091802 
0.036 fb-1 

!   ATLAS-CONF-2011-101 
0.70 fb-1 

!   ATLAS-CONF-2011-088  
0.156 fb-1 

!   ATLAS-CONF-2011-027 
0.035 fb-1 
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Measurement Strategies 
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Cut-based 

Neural Network (NN) Boosted Decision Trees (BDT) 
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Event Selection & Bkg Estimates 
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!   Normalized to theory prediction 
!   Normalized to measured value (150 pb) 

!   NN: simultaneous fit to NN output (shape: MC) 
!   Cut: scale factors from 3 control regions (shape: MC) 
!   HF: LO prediction scaled by factors of ttbar xs analysis 
!   Light: BDT: scale to NNLO prediction 

     2D: norm.: fit to MT(W) in 2 control regions 
            shape: data-driven model 

!   Likelihood fit to Et
miss distribution 

!   Shape from jet-e model / loose isolation µ sample 

!   Likelihood fit to MT(W) distribution 
!   Shape from orthogonal lepton isolation sample 

ttbar 

W+jets 

QCD 

!   Anti-kT jets,      ΔR = 0.5 (    = 0.4),      Njet = 2 (    = 2-3) 
!   1 b-tag,     IP significance (    Secondary Vertex) 

!   1 isolated lepton (e/µ) 
!   ET

miss > 25 GeV 

!   W boson:     MT > 40µν, 50eν GeV (     MT
lν > 60 GeV – Et

miss) 

t-channel 
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 Analysis Overview 
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2 jets 
1 tag 

3 jets,1 tag 

light jet θ lepton 
2D-Method 
simple & robust 
small model dependence 
Max. Lhd. fit in 2 variables 
Bkg free parameter 

Cut-based 
Simultaneous fit to 8 lepton 

flavour / charge samples 
Bkg free parameter 

Multivariate Approaches 
High sensitivity 

Exploits full kinematics 
Fit full output distribution 

Bkg: free parameter 

BDT NN 

0.036 fb-1 0.70 fb-1 
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€ 

124 ± 34−34
+30pb (2D)    3.7 σ

  79 ± 25−15
+13pb (BDT)  3.5 σ

  84 ± 30     pb             3.5 σ

      Vtb > 0.62 (2D)

      Vtb > 0.68 (BDT)

  

€ 

  90 ± 9−20
+31  pb (cut)    7.6 σ

105 ± 7−30
+36  pb (NN)

t-Channel Results 

!   b-tagging scale factor 
!   Jet η reweighting 

!   MC generator 

!   Parton shower 
!   Jet energy scale 

8 

Dominant Systematics 
!   b-tagging efficiency 
!   Signal model 
!   Factorization / 

renormalization W/Z+jets 
!   Jet energy scale 
!   Wc background 

0.70 fb-1 

0.156 fb-1 

0.035 fb-1 

0.036 fb-1 

  

€ 

97−30
+54  pb (cut)

76−21
+41  pb (NN)    6.2 σ

  

€ 

53−36
+46  pb (cut)     1.6 σ

76−40
+64   pb (Likelhd.)
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!   CMS PAS TOP-11-022 
2.1 fb-1 

!   ATLAS-CONF-2011-104 
0.70 fb-1 

!   ATLAS-CONF-2011-027 
0.035 fb-1 
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Event Selection 
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Select dilepton signature 
only (ee, µµ, eµ) 
!   2 opposite-sign leptons 
!   ET

miss > 30 GeV 
!   eµ:  no ET

miss cut, 
  HT > 160 GeV 

!   ET
miss > 50 GeV 

!   Exactly 1 b-tagged jet 
!   Exactly 1 jet (no b-ID) 

Background Veto Cuts 
!   Z-Window: 81< Mee/µµ< 101 GeV 
!   Drell-Yan: 
!   triangle cut on Δφ(l, ET

miss) 
!   reject mll < 20 GeV 

!   ttbar: 
!   no bjet > 20 GeV, PT

system < 60 GeV 

CMS PAS TOP-11-022 ATLAS-CONF-2011-104 

New 
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Analysis Overview 

11 

signal ttbar control region 

2.1 fb-1 

0.7 fb-1 

Data-Driven Background Estimates 
Drell-Yan 
!   Estimate from Z-veto rejection region 
!   Estimate from ABCDEF method (Mll, ET

miss) 

ttbar 
!   Simultaneous fit (signal & 2 jets region) 
!   Estimate from sideband (≥ 2 jets region) 

New 

CMS PAS TOP-11-022 ATLAS-CONF-2011-104 



HCP 2011 – Single Top Results from ATLAS & CMS 14.11.11 Dr. Petra Haefner, MPP 

Wt-Channel Results 

Dominant Systematics 
!   Jets (JES, res.) 
!   Factorization / Norm. Scale 
!   ISR / FSR 
!   b-tagging 
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€ 

22−7
+9  pb (stat ⊕syst.)

2.7 σ                    obs.

(1.8 ± 0.9) σ        exp.

0.70 fb-1 

0.035 fb-1 

2.1 fb-1 

New 

  

€ 

14 ± 5 −9
+10 pb (1.2σ)

σ (Wt) <  39 pb     obs.

σ (Wt) <  41 pb     exp.

  

€ 

σ (Wt) <  158 pb     obs.

σ (Wt) <     94 pb     exp.

!   Jets (JES, res., eff.) 
!   Generator 

Uncertainty Δσ/σ [%] 

Statistics Data +37 / -35 

Statistics MC +11 / -5 

Systematics +68 / -66 

Total +77 / -75 
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!   ATLAS-CONF-2011-118 
0.70 fb-1 
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Event Selection & Bkg Estimates 
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0-Tag 

1-Tag 

2-Tag, final 

Select leptonic W decays 
only (e, µ) 
pT(lep, jet, ET

miss)>25 GeV 

mT(W) > 60 GeV – Et
miss 

!   Background Estimates 
!   QCD: data (ET

miss, loose sample) 

!   W+jets: MC (shapes), data (norm., flavor) 

!   ttbar, t-channel: theory predictions 
!   Final Selection 

!   2 b-tagged jets (S/√B 0.26  0.88) 

!   mtop,jet1, mtop,jet2 

!   pT(jet1,jet2) 

!   mT(W) 
!   ΔR (jet1,lep), ΔR(jet1,jet2) 

!   296 data events (285±17 pred.), S/√B = 0.98 
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s-Channel Results 

Dominant Systematics 
!   MC Generator 
!   Luminosity 
!   QCD normalization 
!   b-Identification 

Expected limit  σt(s)< 20.5 pb 
Observed limit  σt(s)< 26.5 pb 
~5 x SM cross section (4.6 pb) 
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Uncertainty Δσ/σ [%] 

Statistics Data ± 100 

Statistics MC ± 70 

Systematics -110 / +90 

Total -160 / +150 

ATLAS-CONF-2011-118 

68% C.L. 

90% C.L. 

95% C.L. 

68% C.L. 

90% C.L. 

95% C.L. 
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!   ATLAS-CONF-2011-061 
0.035 fb-1 
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Event Selection 
!   Search for FCNC in single top production 
!   Highly suppressed in SM, enhanced BR in many BSM models 
!   Use NN to separate possible small signal from background 
Event Selection 
!   Select leptonic W decays only (1 isolated e/µ, pT > 25 GeV) 

!   µ: ET
miss > 20 GeV, MT

W > (60 GeV – ET
miss) 

!   e: ET
miss > 35 GeV, MT

W > 25 GeV 

!   Exactly 1 b-tagged jet, pT > 25 GeV 

17 

ATLAS-CONF-2011-061 

0.035 fb-1 
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No evidence for signal found 

FCNC Results 

18 

0.035 fb-1 

  

€ 

σ (FCNC) <  17.3 pb   obs.

σ (FCNC) <  17.4 pb   exp.
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Summary & Outlook 
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t-Channel 
Established at LHC 

!   7.6 σ (0.7 fb-1) 
!   3.5 σ (0.036 fb-1) 

Wt-Channel 
1st time measured 

!   2.7 σ (2.1 fb-1) 
!   1.2 σ (0.7 fb-1) 

s-Channel 
95% C.L. limit set 
!   <26.5 pb (0.7 fb-1) 

 ~ 5 x σt(s)SM 

FCNC in single top production 
!    < 17.3 pb (0.035 fb-1) 95% C.L. limit set 

  

€ 

90 ± 9−20
+31  pb (64 ± 3 pbSM)   

€ 

22−7
+9  pb (16 ± 1 pbSM)

!   Future Analyses: more new phenomena searches (W’, H+,…) 
!   Updates of presented analyses with full 2011 pp data set 

!   Stay tuned! 



Backup 

20 
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t-Channel Event Selection 

Lepton: 1 isolated e / µ  

!   µ: pT > 25 GeV, |η| < 2.5 
!   µ: pT > 20 GeV, |η| < 2.1 
!   e: pT > 25 GeV, |η| < 2.47, 1.37 < |η| < 1.52 
!   e: pT > 30 GeV, |η| < 2.5 

21 

b-jets 

!   Sec. Vertex tagger,       b-ID eff. 50%, mis-ID eff. 0.37%, 1 tag 
!   IP significance tagger, b-ID eff. 40%, mis-ID eff. 0.10%, 1 tag 

!   Et
miss > 25 GeV 

W Boson: 
!   MT

lν > (60 GeV – Et
miss) 

!   MT
µν > 40 GeV, MT

eν > 50 GeV 
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t-Channel – Event Yields 
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t-Channel – Event Yields 
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t-Channel - Systematics 
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t-Channel - Systematics 
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Wt-Channel Event Selection 

Select dilepton signature only (ee, µµ, eµ) 
!   Exactly 2 opposite-sign leptons 
!   pT

e,µ >20 GeV, pT
jet > 30 GeV, ET

miss >30 GeV 
!   pT

e,µ >25 GeV, pT
jet > 30 GeV, ET

miss >50 GeV 
!   Exactly 1 b-tagged jet 
!   Exactly 1 jet (no b-ID applied) 
!   Z-Veto: 81< Mee/µµ< 101 GeV 
!   eµ: no ET

miss cut, HT > 160 GeV 
!   Drell-Yan veto: reject mll < 20 GeV 
!   ttbar veto: no bjet > 20 GeV, PT

system < 60 
GeV 

!   QCD veto: triangle cut on Δφ(l, Et
miss) 
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CMS PAS TOP-11-022 ATLAS-CONF-2011-104 
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Wt-Channel 
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Wt-Channel 
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s-Channel 
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FCNC Analysis 
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NN Variables 


