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       -- ATLAS detector. 
       -- Motivation for top quark physics.
       -- Top quark production/decay.

•  Top quark production measurements. 
     -- Cross-section measurement. 
     -- Charge asymmetry measurement. 

•  Analyzing the lepton plus jets decay channel.
     -- Benchmark models studied.
     -- Resolved vs boosted topology. 
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     -- Some kinematic distributions. 
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The ATLAS Detector
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• Top quark is the heaviest of the known SM particle 
     mt  =172.9 ± 1.1 GeV close to EW scale. 

•  Decay occurs before hadronization “bare quark”. 
    width Γ = 1.42 GeV and lifetime τ = 4.5 × 10-25 s < Λ-1QCD

•  Due to its large mass, it offers a unique window 
    to search for new physics at TeV scale.  

•  Many extensions of SM explain the large top mass 
    by allowing the top to participate in new dynamics. 

•  To search for new physics :
   → Measure the production properties of top quark, and   
        compare to the SM prediction. Any deviation hints new   
        physics. 

   → Directly search for new particles that couple to top quark. 
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Motivation 
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•  Lepton plus jets is the most useful decay channel. 
     -- Dilepton channel - low B.R.
     -- Full hadronic - huge background. 

 

•  LHC is a top factory, σ(pp→tt) ~ 177 pb 
      -- qq → tt ~ 10%
      -- gg → tt ~ 90% 

Top quark pair production/decay
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Top Quark Cross-section Measurement 

• Summary of measurements compared to the corresponding theoretical expectation based on an approximate 
   NNLO calculation (Hathor 1.2). 

• The upper part of the figure shows measurements that are averaged to give the combined value shown.
 
• The lower part shows additional newer measurements not included in the combination. 

ATLAS-CONF-2012-024

ATLAS-CONF-2012-131

ATLAS-CONF-2012-031

Thursday, August 15, 2013



8

Top Quark Cross-section Measurement 

• Summary plot showing the top pair production cross section as a function of the LHC center of mass 
   energy.
 
•  The experimental results in the various top decay channels (and their combination) at 7 TeV and the 
    recent result at 8 TeV are compared to an approximate NNLO QCD calculation based on Hathor 1.2.

•  Some selected results from Tevatron are also shown.

ATLAS-CONF-2012-024

ATLAS-CONF-2012-149

Thursday, August 15, 2013



9

Charge Asymmetry Measurement

   
• Observable is 
 

          

ATLAS-CONF-2013-078

   
• The Ac fit results:
 

          
   
• In good agreement with the SM!
 

          

   
• Interesting study since Tevatron measured a  
  significantly larger forward backward asymmetry 
  than the SM prediction.
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ATLAS-CONF-2013-052
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• Leptophobic topcolor Z’

 
‣    Explains the top quark mass and EWSB   
      through a top quark condensate. 
‣     Z’ couples only to the first and third 
      generation of quarks.
‣     Narrow resonance Γ/m ~1.2 %

•  Kaluza Klein Gluons
 
 
‣    Predicted by the Randall-Sundrum  
      model with warped extra dimension. 
‣    Strongly coupled to top quark. 
‣    Broad resonance Γ/m ~15 %

          

We use two specific models presented today as an example of sensitivity.

    

 Benchmark Models
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• Resolved: No overlap between small radius (ΔR=0.4) jets or leptons. 
       - Useful for top quark pairs from low mass BSM particles. 

• Boosted:  Large radius (ΔR=1.0) jets contain multiple partons and/or leptons. 
          -  Merged Jets are reconstructed as “fat jets” with ΔR=1.0
          -  Useful for top quark pairs from high mass BSM particles.
                   

 Boosted vs Resolved Topology
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•  One top decays hadronically, and the other semi-
    leptonically.   
•  At least 1 primary vertex with 4 or more associated 
    tracks.
•  Pass either single electron/muon trigger.
•  Exactly one isolated lepton (e/µ) matching trigger. 
•  Missing ET   

       ET  > 30/20 GeV (e/µ channel)
   
•   Transverse Mw

       Mw > 30 GeV (e channel)
     Mw+ET  > 60 GeV (µ channel)

•   Boosted Selection:
    -- 1 high pT R=1.0 jet with mjet > 100 GeV 
        and first KT splitting scale √d12 > 40 GeV.
    -- 1 R= 0.4 jet closest to lepton 
    -- ≥ 1 R=0.4 b-jet (can overlap with above jets)

•   Resolved Selection:
    -- 3 or 4 R =0.4 jets with ≥ 1 b-jet 
   

          

Event Selection
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 Major sources of backgrounds considered are:

‣ SM tt production 
    -- estimated using the MC@NLO
    -- HERWIG for parton showering and 
         hadronization.
    -- JIMMY for modeling multiple parton 
        scattering. 
  
‣ W+jets 
     - Generated via ALPGEN + PYTHIA
     - normalization derived from data 

‣  Multi-Jet
     - Data driven estimate 

‣  Z+jets 
     - estimated using Alpgen + Pythia.

‣  Single Top 
      -- production in “s” channel is modeled with 
          MC@NLO/HERWIG/JIMMY
      -- production in “t” channel modeled with 
         ACERMC/PYTHIA

‣  Diboson
    - estimated using HERWIG and JIMMY. 

          

Estimation of the Backgrounds
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The normalization for two important sources of background (W+jets /Multijet) is estimated using data. 
  
‣ W+jets 
     - Samples of simulated ALPGEN events are used to model the W+jets background including shape.
     - To determine the overall normalization, the asymmetry in the production of W+/W- bosons is 
        exploited. 

    - Charge symmetric contributions from various MC cancel out in the equation but the charge   
       asymmetric contributions (single top) are estimated and subtracted. 
   
    - Fits to data in jet/b-tag multiplicity bins provide the normalization factor. 

  
‣  Multi-Jet
     - The normalization as well as shape of the multijet background is estimated directly from data using 
        a matrix method.
     - Enriched samples of multi-jet events with relaxed lepton identification criteria (eg. isolation 
        requirement) are used.

      

          

          

Data Driven Background
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• Resolved Reconstruction:

     -- χ2 algorithm is used to select the best assignment of jets to the hadronically and semi-  
         leptonically decaying top quarks. 
     -- The algorithm uses reconstructed top quark and W masses as constraints.
    

          

Mtt Reconstruction
The top quark pair invariant mass is computed from the four momenta of the physics object in the 
event.
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• Boosted Reconstruction:

     -- The four momenta of the hadronically decaying top is taken to be that of the large radius    
          R=1.0 jet.
     -- While for the semi-leptonically decaying top, use ν solution from the W boson, lepton and 
         small radius R =0.4 jet.
   

          

   
• The produced top quark pair mass is used for the statistical analysis. 
    

          

Mtt Reconstruction
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Reconstructed Mtt in Each Channel
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Some Kinematic Distributions (1)
Leading jet pT after the resolved selection.

 pT  of the hadronically decaying top quark candidate after the boosted selection.
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Some Kinematic Distributions (2)
Invariant mass of the semi-leptonically decaying top quark candidate after the boosted selection.

Invariant mass of the hadronically decaying top quark candidate after the boosted selection.
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Systematics

• The “uncertainty” or “error of measurement” is given by a range of values which enclose the true value. 
    We can have two kinds of uncertainties: 

   - Statistical - These sources of error are stochastic in nature and arise due to the fact that measurement is 
                          based on a finite set of events. 
   - Systematic - These errors arise from uncertainty associated with nature of measurement apparatus, 
                           methods used for particle identification and so on.  

•  The analysis considers two cases of systematics : 
  
    (1)  Uncertainty that affect the reconstructed objects (jets..)
                                           
    (2)  Uncertainty that affect modeling of the backgrounds or signals. 
                                             

•  Some of these can affect both the shape and normalization while some affect normalization only.
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• All values quoted here are % 
variation from nominal yields. 

          

Systematics
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Limits (1)

After the tt mass reconstruction, data and expected background distributions are compared to 
search for new physics.    

✦    A tool “BumpHunter” is used -  it searches for local excesses or deficits in the data 
       compared to the expected background, taking the look-elsewhere effect into account 
       over the full mass spectrum.

✦   After accounting for systematics and statistical uncertainties, no excess is observed in 
      data.   -- Set upper limits!

✦  The limits are set on the σ ∗ B.R of Z’ and KK gluon benchmark models using Bayesian 
     techniques.

✦    In the combination, the four statistically uncorrelated spectra are used, corresponding to 
      boosted and resolved selections, as well as e+jets and µ+jets decay channels.
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Limits (2)
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Limits (3)
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Conclusions
• We searched for tt resonances in the lepton plus jets final state with 14 fb-1 of 8 TeV data. 

•  No significant excess of events was observed. 

•  Using 2 benchmark models, we set 95% C.L upper limits on mass  of produced resonances. 

• Re-optimization of 20 fb-1 of 8 TeV data is in progress and we expect
   new results by the end of the year.
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Backup Slides
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ATLAS Luminosity
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Top Object Reconstruction
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