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THE METHOD 

  Use kinematic/event topology observables (no b-tagging). 

  Pick a set of variables that provide good signal/background 
separation.  
  Parametrize  
  Rank 
  Optimize 

  Combine observables into a single classifier quantity (likelihood/
BDT). 

  Obtain a classifier shape (template) for signal and background(s). 
•    ttbar, W/Z+jets - MC with control samples and other cross checks. 
•  QCD – Data (nominal selection with the reversed lepton quality). 

  Fit the classifier distribution from data to a sum of signal and 
background templates to extract the signal yields. 
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ANALYSIS FLOW 
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EVENT SELECTION 

  Signature: isolated high pT lepton, MET, ≥4 jets. 

Preselection: 
o  4 or more jets, pT > 25 GeV,  
   |eta|<2.4, 
o  Lepton with pT > 20 GeV,  
   |eta|<2.1 
o  No isolation 

Event Selection: 
o  4 or more jets, pT > 25 GeV,  
    |eta|<2.4, 
o  Lepton with pT > 20 GeV,  
   |eta|<2.1 
o  Lepton Relative Isolation > 0.67 
o  Global Muon (for now, have to 

 also add electron ID) 

   
Where Relative Isolation =  1. 0/(1.0+(caloIso+trackIso)/lepton pT) 
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MAIN BACKGROUND 

  Physics background: 
  W/Z + Jets. 
  Single top. 

 use difference in event topology/kinematics w.r.t. ttbar signal 

  Instrumental background: 
  QCD multijet production with fake lepton and MET 

  Electrons faked by (electromagnetic) jets. 
  Muon-fakes: real muons, fakely isolated (eg. from semileptonic b-

decays, w/ non-reconstructed b-jet). 
  Misreconstructed MET. 

 require high quality lepton 
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INPUT VARIABLES 
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W/Z + Jets Background 

QCD background 

Normalized distributions of the 
topological variables. 
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Aplanarity: measure of the 
planarity of the event,  
dPhiJMET: opening angle Phi 
between the leading Jet and 
MET, 
 HT3: the sum of pT of the 
third & fourth jet, 
MT : Transverse mass of 
lepton + MET, 
kTmin’: min jet pT relative to 
another jet. 



TRAINING VARIABLES 
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Parametrize the   
training variables 
and estimate the 
PDF’s using 
polynomial splines. 

Templates are got from 
MC. 
We will try to cross 
check the templates 
using control samples. 
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QCD TEMPLATES  

       Global Muon 
       Not a Global Muon 
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o  For now we are using MC to train QCD templates. 
o  Plan to use data to get templates for QCD. 

o  We need a QCD sample excluded by the nominal selection to 
train the QCD template. 
o  We require the observables to have same shape as with nominal 
selection. 
o  Our candidate for such a cut is lepton quality. 

9    We try to study the stability of the template shapes under different 
selection 

Shape difference between training 
and nominal selection 



SIGNAL BACKGROUND SEPARATION 
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ttbar vs multijet background 

ttbar vs W/Z+Jets 

A

B 

A = area above the curve 
B = area below the curve 

Smallest A/B        best 
combination of observables 

We use the signal efficiency to 
background rejection as the measure of 
goodness of the set of observables. 

To do : Automatic way to optimize the observable selection. 
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TOPOLOGICAL LIKELIHOOD DISCRIMINANT 

Likelihood Ratio for each event i : 

where              is the signal (background) PDF for the kth 
input variable xk  

€ 

ps(B ),k
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LIKELIHOOD DISTRIBUTIONS  
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 W/Z+Jets classifier 

QCD classifier 
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TEMPLATE FIT 

Fit Results 
Floating Parameter            Final Value +/- Error 

nQCD                                   1.2770e+03 +/- 2.58e+02 
nttbar                                   5.3063e+03 +/- 1.54e+02 
nW/Z+jets                            1.0936e+04 +/- 3.09e+02  
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•    Fake Dataset 
    Sum of templates 
    Signal template 
    W/Z+ Jets template 
    QCD template 
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SUMMARY 

  Produced PAT Layer 1 files for Summer08 sample. 

  Prepared ntuples with kinematic/event topology variables for 
MVA.  

  TMVA 
  Variable ranking using Boosted Decision Tree  
  PDF parameterization and tuning. 
  Pick a good set of variables in terms of background rejection 

vs. efficiency plot (not optimal yet). 

  Produce Likelihood classifier templates for signal and 
backgrounds( physics & instrumental). 

  Evaluate Likelihood classifier for the "fake" data. 

  Template fit (one-dimensional so far), obtain signal yields. 
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ACTION ITEMS 

  Use BDT classifier in place of Likelihood. 

   Formally optimize a set of variables 
   Further study the lepton quality cut for QCD templates: 

  efficiencies, PDF stability, purity of QCD sample with the 
reversed lepton quality cut. 

   Move to two-dimensional template fit.  

  Study fit bias 

  Systematic Uncertainties. 
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