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t-channel Single Top Process

  σ_NLO = 155.9 +7.5/-7.7 pb (t)    [1]
           90.3  +4.3/-4.5 pb (tbar)
 uncertainty: PDF, Scale, Mtop, alpha_s, Mb

[1] Z. Sullivan hep-ph/0408049 (ZTOP)
  [2] J. Campbell, R.K. Ellis, F. Tramontano, 
        hep-ph/0408158  (MCFM)
  [3] Q.-H.Cao and C.-P.Yuan, hep-ph/0408180;
        Q.-H.Cao, R.Schwienhorst C.-P.Yuan, hep-ph/0409040  
   Qing-Hong Cao, Reinhard Schwienhorst, Jorge A. Benitez, Raymond Brock, C.-P. Yuan  
   hep-ph/0504230
 [2],[3] include NLO corrections to production&decay and final top width  

  



s-channel Single Top Process

  σ_NLO = 6.56 +0.69/-0.63 pb (t)     [1]
           4.09  +0.43/-0.39 pb (tbar)
 uncertainty: PDF, Scale, Mtop, alpha_s, Mb

[1] Z. Sullivan hep-ph/0408049 (ZTOP)
  [2] J. Campbell, R.K. Ellis, F. Tramontano, 
        hep-ph/0408158  (MCFM)
  [3] Q.-H.Cao and C.-P.Yuan, hep-ph/0408180;
    Q.-H.Cao, R.Schwienhorst C.-P.Yuan, hep-ph/0409040, hep-ph/0504230 
 
 [2],[3] include NLO corrections to production&decay and final top width  

  



tW process

 σ_LO = 62 +/-17 pb

 A.Belyaev, E.Boos, 
Phys.Rev.D63, 034012



What is Interesting in Single Top

➲ Independent electroweak channel of the top quark pro-
duction

➲ Direct Vtb CKM matrix element measurement
➲ Significant background for Higgs and many “new physics” 

processes
➲ Unique spin correlations properties
➲ Processes of interest for “New Physics”

● Wtb anomalous couplings
● FCNC
● New strong dynamics
● R-parity violating SUSY effects
● Kaluza-Klein excitation of W-boson or W'

hep-ph/0003033, hep-ph/0410364















MC Generators of 
Single Top Signal

● ONETOP

● TopRex

● Generators based on MadGraph & MadEvent

● Generators based on Pythia

● Generators based on CompHEP





Generator SingleTop
E.Boos, V.Bunichev, L.Dudko,V.Savrin, A.Sherstnev

➲ Based on CompHEP, PYTHIA and     
CompHEP-PYTHIA interface                        
 (Les Houches Accord)

➲ Provides MC events at NLO level               
(distributions and rates of events)

➲ First described in CMS Note 2000/065   
(hep-ph/0403113)

➲ Used and tested in D0 (Tevatron) analysis 
in  Run I and Run II















Overview of Single Top TEVATRON 
Experience 

L. Dudko 

CDF and D0 Analysis
Optimal Observables

High Level Analysis Methods



The Latest Tevatron Results

PHENO talk of R. Schwienhorst 03/05/2005



Tevatron Systematic Uncertainties

DO (W&C talk R.S.) CDF (PRD 71 012005 (2005)

σ_NLO_t_channel_LHC = 155.9 +7.5/-7.7 pb (t) [1]
                  90.3  +4.3/-4.5 pb (tbar)
 uncertainty: PDF, Q_Scale, Mtop, alpha_s, Mb



Generic Structure of Analysis

➲ Apply some preselection cuts

➲ Find some observables which help to sepa-
rate signal from background

➲ Apply some method of High Level Analysis 
to get final numbers of the predicted 
Signal/Background and Data



CDF Analysis



CDF Analysis

➲ Use Q(l) X Eta(q) to separate t, s -channel and 
backgrounds; Ht for the combined search

➲ Use Binned Likelihood of variables above
➲ Depends on number of b-tags



D0 Analysis 
PHENO 03/05/05 talk by R. Schwienhorst



Method of Optimal Observables
➲ Provides general receipt how to choose most effec-

tive variables to separate Signal/Background

➲ Based on the analysis of Feynman diagrams which 
contribute to signal and Background

➲ Described in different examples

● Higgs search hep-ph/0406152 p.69-71 (E.Boos and L.D.)

● Single Top search AIHENP'99 (E.B. and L.D.), 

     hep-ph/9903215  and D0 publications on Single Top Search

● Ttbar in progress (E.B., L.D., H. Frisch, S. Levy)



Three Classes of Variables
➲ “Singular” Sensitive Variables
    (denominator of Feynman diagrams)
   Most of the rates of signal and background processes come 

from the integration over the phase space region close to the 
singularities. If some of the singular variables are different or 
the positions of the singularities are different the corresponding 
distributions will differ most strongly

s-channel singularities t-channel singularities



Three Classes of Variables

➲ “Angular” variables, Spin effects
   (numerator of Feynman diagrams)

➲ “Threshold” variables
   s_hat and Ht variables relate to the fact that 

various signal and background processes 
may have very different energy thresholds

   













The Latest Tevatron Results

PHENO talk of R. Schwienhorst 5/3/2005



Neural Network Strategy

➲ Distinguish kinematically different backgrounds       
(ttbar, Wbb, Wjets, QCD fake, diboson)

➲ Construct set of “optimal observables” for each 
pair of Signal/Background (e.g. t-channel/Wbb)

➲ Train different networks for each pair of 
Signal/Background processes 

➲ Combine NN outputs


