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What is single top?

Electroweak production of top quark 
�All Feynman diagrams below have a Wtb vertex
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t channel s channel Wt

Tevatron (1.96 T eV) 2.26±0.2 1.04±0.1 0.3±0.06

LHC (7 TeV) 64.2±2.4 4.6±0.2 15.7±1.1

LHC (8 TeV) 87.8±3.4 5.6±0.3 22.4±1.5

in s channel energy does non help

Top in ewk production is challenging even at the LHC

x-sec 

in pb



History

Top quark discovery in strong production
�CDF, D0 1995, 

It took 15 years to see single top (sum of s and 
t channel)

�Problem is the background

At LHC
�Single top in t channel already seen in 2011 by both
ATLAS and CMS

�Wt channel explored
�First evidence(s)

�2012 data analysis for Wt in progress..
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Why fight for? 
Interest for single top

Why fight for? 
Interest for single top

Direct way to access the 
CKM matrix element
|V|tb

� Single-top production 
can measure |Vtb|under
the assumption that
|Vtb|>>|Vtd|, |Vts|
�Actually we measure
|fLxVtb|, fL=1 in SM

� Possible 4th generation 
test as well as other
options beyond the 
standard model

� Anomalous couplings
(search for FCNC)
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More possibilities like

b-quark structure functions

Charged Bosons



Final stateFinal state

Final state is
characterized by

�W + 2-3jets
� t channel: 2-3 jets
(1 forward), 1 b jet

� s channel: 2 b jets
� 2W+1 b jet (Wt channel)

Single top in s and t 
channel has a final state 
topology resembling WH

� Important for Higgs
searches in associate 
production

�W*, H+
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Tools: physics objects
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� Hight Pt lepton (e or mu)
�Isolated as coming from W

� 2 or 3 Jet with large ET
�20 GeV at CDF, 30 at ATLAS
� | ηηηη|<2.8 Tevatron,  4.5  @ LHC

�Missing ET (MET)
�25 GeV (CDF), 20/25 (D0)
30 (ATLAS), 35 (CMS)

� b-tagging of secondary vertices
�With a variety of tools (from 
tracks displaced from the 
primary to NN algorithms)



Backgrounds
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In a final state with W+2/3 
jets (1-2 b-tagged)

�Multijet («QCD») background
�Data driven (see next slide)

� ttbar (+EWK processes)
�From MC

�W/Z+HF
�Combination of data and MC

�W/Z+light flavour (mistagging)
�As for  W+HF



More on backgrounds…
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�QCD removal using
ad-hoc requirements
�CDF, ATLAS, CMS 
use a cut in the 
MET-MT (W) plane

�D0 with a cut in HT

and in ∆ϕ∆ϕ∆ϕ∆ϕ(MET,l)

�Veto cosmics, Z etc

�ATLAS, CMS fight PileUp
using tracking
�Specific requirements for jets
to have a fraction of charged
tracks pointing to the primary
� JVF>0.5 (ATLAS @8TeV)



Situation after all requirements

Tevatron and LHC are different environments
�Tevatron: signal swamped by background 

�s and t channel yields ∼∼∼∼ equal at the Tevatron in the 2jets

�LHC: 
�t channel : O(50)% of ttbar, s: ∼∼∼∼5% of t, Wt: 50% of t
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D0 ATLAS 8 TeV



Finding the needle in the 
haystack

Finding the needle in the 
haystack

low S/√B �use MVA
�This was done by CDF and 
D0 at the Tevatron
�Detailed studies of large 
number of variables

�ATLAS and CMS:
�both cut-based and MVA 
analyses
�Signal extraction easier for 
t-channel

�MVAs are an additional tool
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5.4 fb-1 result5.4 fb-1 result

�D0 measures (s+t) 
Signal extraction
proceeds by using:
�3 different MVA 
(BNN, BDT, NEAT) 
which are trained for 
s and t channel
separately
� Their output is feed
to a BNN(s+t) 
discriminant
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σσσσ(s+t)=3.43±0.74pb   

Fixing the ratio t/s to SM value:     

σσσσ(t)=2.86±0.66pb   σσσσ(t)=0.68±0.36



More…More…

Leaving s and t free
� t channel at 2.9±0.59 pb

� s channel 0.98±0.63 pb

Use the same data to set 
limit for anomalous Wtb
couplings

� In SM LV≅≅≅≅1, RV,RT,LT=0
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7.5 fb-1 analysis7.5 fb-1 analysis

CDF updated its 3.4 fb-1

result to 7.5 fb-1

�s+t optimized, 2/3 jets, 
1-2 tags

�Use more triggers and 
lepton reconstruction
algorithms
�Increase acceptance

�New QCD background 
suppression
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ResultsResults

Not sensitive to Wt
�First fit s+t combined

�Discriminant optimized
for the sum

�Then move to a 2-D 
s-t discriminant
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7& 8 TeV-|ηj’|7& 8 TeV-|ηj’|

�Split l+jets sample in 
njet(2,3), mtag(0,1,2)
�Red is signal region
blue control regions

� 130<M(lνb)<220 GeV
�For the non-btagged jet fit
|ηηηηj’| distribution templates
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∼1/5 of data is signal!

t-channel is (relatively) 
«easy» at LHC

J.Wagner Kuhr



t-channel xsec: Resultst-channel xsec: Results

7 TeV: several analyses:
�ηηηηj’

�Neural Net

�Boosted Decision Tree

8 TeV:
�ηηηηj’: more stringent cuts than
at 7 TeV
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t channel @ 7 TeVt channel @ 7 TeV
The «easy» channel…

�Forward jets, softer b jet

�Events with 
2/3 jets⊕1 b tag

�MET+MT(W)>60 GeV

Background estimate: 
�MC samples

�Data driven models
�QCD, W+jets (fit)
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S/B∼∼∼∼1/9



Result @ 7 TeV (1.04 fb-1)
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σσσσt=83±4(stat) +20
-19(syst)pb =83±20 pb

|Vtb|=1.13±0.14 

|Vtb|>0.75 @ 95 % CL

Control region:

2 & 3 jets

No tag requirement

Signal region

2/3 jets 1 b-tagged

Splitting the sample in t

and tbar (l charge)

σt(t)= 53±10.8 pb

σt(t)= 29.5+7.4
-7.5 pb

Rt=1.81+0.23
-0.22

ATLAS-CONF-2012-056



t channel @8 TeVt channel @8 TeV

Increase wrt 7 TeV:
�Signal by 35%

� ttbar by 40%

�W+jets: 25-35%

Instrumental conditions
�More pileup (increased L)

�Lepton triggers requires
harder isolation cut

�Multijet fraction higher

Change some cuts
�JVF (see slide 8)

�Jet PT>30 GeV, MET>30 
GeV, MT(W)>50 GeV
�S/B∼∼∼∼1/8
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Results
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NN in control regions for 2,3 jets

NN in signal region for 2,3 jets

σσσσt= 95 ±2 (stat) ±18 (syst) pb

|Vtb|=1.04+0.1
-0.11

Under usual assumption

(|Vtb|>>|Vts|, |Vtd|)

(|Vtb|>0.80 @ 95 % CL)

ATLAS-CONF-2012-132



Wt @7 TeV & 2.05 fb-1Wt @7 TeV & 2.05 fb-1

Dilepton channel
�Wt�lννννlννννb

�Large ttbar background

�Most signal in Njet=1 bin, 
�Use BDT
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σ(Wt)=16.8±2.9(stat) ±2.9(syst)pb

|Vtb|=1.03+0.16
-0.19



Wt @7 TeV & 4.9 fb-1Wt @7 TeV & 4.9 fb-1

Use dilepton channel
�Define signal (1j1tag)

� ..and control regions
(2j1tag,2j2tags)

�BDT with 4 variables
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σ(Wt)=16. +5
-4pb 

arXiv:1209.3489



s-channel challenges-channel challenge

Tevatron:
�So far we optimized for 
observation of (s+t)

�Re-optimize analysis
�Add statistics (more 
triggers, complete data 
set of 9.5 fb-1)
�Use best taggers (CDF)

�Add «anti» t-channel
requirements? 

�Smart ideas?

LHC:
�Challenging scenario:

�Very large ttbar

�Wbb channel to be 
understood

�W+lf to be reduced

�Time will tell
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Summary of results
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s channel (Tevatron only)

CDF=1.81+0.63
-0.58 pb

D0=0.98±0.63 pb

Wt (LHC only, 7 TeV)

ATLAS 16.8±5.7 pb

CMS 16+5
-4 pb



Conclusions

Single top physics in the t-channel is now
� Mature for precise measurements

� Systematics is by far dominating
� Better understanding of the detectors will help

We are on the verge of a full observation of Wt
� My prediction: 2012 data (Winter conferences)

∆∆∆∆Vtb is still at 10% 
� Need to tackle systematics

� JES/JER
� b-tagging,
� pdf
� MC statistics

s-channel is a long shot for LHC
� Still room for D0 and CDF. Tevatron Heritage?
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More details on LHC results in the talk in parallel session by

Jeannine Wagner-Kuhr and Annick Lleres
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