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Why Do We Study theTop Quark ?
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λt ≈ 1??
mt >> mb

Γt >> ΛQCD

LYukawa = −λtψLtΦψRt

• The top quark is a special quark !
• What kind of role does it play in EW symmetry breaking ?

• Measure its strong production mechanism: tt ̅ cross section
- compare with QCD predictions
- measure in all possible channels
- check tt ̅ selection to be used in 

        the other properties measurements

new physics ?



Top Strong Production and Decay At the Tevatron

• pair production and decay:
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~ 85 %
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~ 15 %
B(t➔Wb) ~ 100 %

• theoretical computations:
Mt = 172.5 GeV,σ(tt ̅) ≈ 7.5 pb (~ NNLO)

• comparison with LHC:
Mt = 172.5 GeV,σ(tt ̅) ≈ 161 pb (@ 7 TeV)

    with same ljets selection efficiency (4 jets): ~ 10 %

We have large samples of tt̅ events
A lot of our tt ̅ cross section measurements are already systematic limited

Δσ/σ~ 8 %

ntt̄(1fb−1
in one LHC exp.) ≈ 2ntt̄(10fb−1

in one Tevatron exp.)



How Do We Measure the tt ̅ Cross Section ?
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• Analysis strategy:
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from MC (Alpgen+Pythia or Pythia)

σtt̄ =
Ndata −Nbkg

�tt̄(Mt)
�
Ldt

analyzed integrated luminosity:
- removing poor quality data
- for the particular set of triggers used
- uncertainty: ~ 6 % 

Ndata −Nbkg estimated by:
- event counting after selection cuts
- signal/background fit of a discriminant variable 

(�bkg1σbkg1 + �bkg2σbkg2 + ...)
�
Ldt
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b Jet Tagging
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• utilize b-jets special properties to separate them from light/gluon jets:
- long b-hadrons decay length
- b-hadrons semileptonic decay

• 3 main b-tagging algorithms:
- impact parameter based
- secondary vertex reconstruction
- soft lepton tag

} combined in a NN

arXiv:1002.4224 
accepted by NIM
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Lepton + Jets Channel
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• signature:
- high pt isolated lepton
- large Missing Et (MET)
- 4 jets (2 b-jets) 

• main backgrounds:
- W+jets (W+light, W+HF)
- multijets
- electroweak 
   (Z+jets, diboson, single top)

4:1 2:3 S/B (4 jets):

topological 1 b-tag

no reliable estimation from MC 
D0: data matrix method
CDF: fit the low part of the MET distribution

using MC (Alpgen or Pythia, single top: 
CompHep or Madgraph) 
normalized to the NLO cross sections

shape from MC (Alpgen), total among 
fitted to Data
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Multijet Background Estimation
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• the matrix method:

• fit the low part of the MET distribution:
- templates: multijets (data that fails lepton 

ID criteria), W+jets (Alpgen) and tt ̅ (Pythia)
- fit the low MET part
- extract fraction of multijets in the high MET 

part 

NQCD =
�signalNloose −Ntight

�signal − �QCD

sample with loose isolated lepton: 
subsample with tight isolated lepton: 

Nloose = NQCD + Nsignal

Ntight = �QCDNQCD + �signalNsignal

W+jets, tt̅, ...

low MET sample from W MC
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W+jets Normalization
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• normalization of the W+heavy flavor fraction in W+jets:
- W+HF cross section underestimated in the MC 
- W+HF content measured in data in the 1 or 1-2 jet 

event sample
- NN trained to separate W+light from W+HF
- scale the W+HF fraction to match the data
 (normalization extrapolated to higher jet
  multiplicities) 

• normalize to data before b-tagging:
- shape from Algpen
-  
- in each jet multiplicity

NW+jets = Ndata −Ntt̄ −NQCD −NEW
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Lepton + Jets Topological Cross Section
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• signal/background discrimination:
- tt ̅ more energetic, central and isotropic than W+jets 

and multijets
- NN (CDF) or BDT (D0) input variables: Ht, aplanarity, 

sphericity, ...

• cross section measurement:
- template fit of tt̅ and W+jets to the discriminant output

lepton + 4 jets

Mt = 172.5 GeV
Mt = 172.5 GeV Δσ/σ~ 9 %

Δσ/σin %
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Lepton + Jets Cross Section Using b-tagging
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• counting by number of jets and b-tag jets:
- b-tagging mistag rate measured in data, 

parametrization applied to W+jets

Mt = 172.5 GeV
Mt = 172.5 GeV

number of jetsnumber of b-tagged jets

Δσ/σ~ 11 %
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tt ̅/Z Cross Section
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• luminosity largest systematic uncertainty:
- from luminosity detector acceptance and pp̅ inelastic cross section

• remove luminosity uncertainty doing the ratio with the Z cross section:
- Z➔ ll cross section measured with the same trigger
- correlation of systematic uncertainties taken into account
- multiply by the theoretical Z cross section: 

 

• combination of the topological and b-tagging cross sections using BLUE

Mt = 172.5 GeV

combined:

submitted to PRL

Δσ/σ~ 6.8 %

Eur. Phys. J. C35, 325 (2004)
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Mass Extraction From the Cross Section
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• indirect mass measurement less sensitive to any difference between pole mass 
and the mass used in the MC simulation used for direct measurements 

• combine experimental and theoretical tt̅ cross section vs top mass:
- experimental dependency due to kinematics cut (selection efficiency)
- theoretical: use the most accurate QCD computations (~NNLO)

• joint normalized likelihood function based on the theoretical and the total 
experimental uncertainty

PRD80 071102 (2009)

compatible with world average: 
Mt = 173.1 ± 1.3 GeV
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Dilepton Channel
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• signature:
- 2 high pt isolated leptons
- large Missing Et (MET)
- 2 b-jets 

S/B:

topological 1 b-tag

3:1 15:1

• main backgrounds:
- Drell-Yan, diboson 
- Multijets (fake lepton)

estimated from data: fake rate using 
samples with one failing lepton criteria

using MC (Alpgen or Pythia) 
normalized to the NLO cross sections
CDF: Z+jets contamination from high
        MET events in the Z mass range 
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Dilepton Cross Section

14

• signal/background discrimination
- CDF: Ht and MET significance: MET divided by its error (ee/μμ) cuts or b-tagging

- D0: Ht cut and BDT trained against Z and diboson (ee/μμ)

Mt = 172.5 GeV

5.3 fb-1
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Lepton + τ Cross Section
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• τrecontruction:

- 3 NN depending of the τdecay types to separate from jets faking τ

- 1 additional NN to separate τtype 2 from electron

Mt = 175 GeV

2.2 fb-1

• main background after b-tagging:
- W+jets (normalized to data), Z+jets, diboson from MC
- Multijets from data (same sign events)
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MET + Jets Cross Section
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• MET + jets:
- alternative way to selectτchannels: large contribution from W ➔τν

- complementarity with channels with one identified lepton

Mt = 172.5 GeV

• selection:
- at least 3 strict identified jets
- at least one b-tagged jet
- NN trained against background, NN > 0.8

• background estimation:
- b-tag rate/misrate evaluated from data in a 

3 jet sample (small signal contamination)

sample composition



• cross section with different number of b-tag jets:

- ljets with 0, 1 or 2 b-tag jets:

• cross section in different channels sensitive to new physics:
- number of events in ljets, ll and lτ:

   in SM extension with extended Higgs sector 
    (like MSSM or HDM) t ➔ H+b can compete with t ➔ Wb

    Search here for H+ ➔ τνor cs̅

F. Déliot, Top 2010, 31-MAY-2010

 Cross Section Ratio and Charged Higgs Searches
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R = 0.96+0.09
−0.08(stat + sys)

PRL100 , 192003 (2008)

PLB 682, 278 (2009)

interpretation in the CPX scenario 
(strangephilic MSSM Higgs)

Eur.Phys.J C66 261-269,2010

R =
B(t→Wb)
B(t→Wq)
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All Hadronic Channel
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• signature:
- 6 jets (2 b-jets) 

• main background:
- Multijets: ~ cross section 3 

orders of magnitude
     - estimated from data

          - b-tagging essential

S/B:

b-tagging

1:2 

CDF: tag rate per jet evaluated using 4 jets 
events
D0: adding 1 jet to 5 jets events after 2 b-tags

signal sample:
CDF: 6 ≤ Njets ≤ 8
D0: 6 ≤ Njets
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All Hadronic Cross Section
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• built a discriminant:
- CDF: NN, D0: Likelihood
- input variables: Ht, invariant masses, centrality, ...

PRD 81, 052011 (2010)

Mt = 175 GeV

submitted to PRD



Summary of the Tevatron tt ̅ Cross Section 

• measurements in all the possible channels

• consistent with SM expectation

• CDF/D0 Combination:
- work in progress based on the example of the mass combination

20F. Déliot, Top 2010, 31-MAY-2010
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tt ̅ + jets Cross Section
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• test of QCD prediction, sensitive to NLO effects, 
 different FB asymmetry than inclusive tt ̅ 

• lepton + jets selection:
- W+jets: normalized to data before tagging
- Multijets: estimated by a fit at the low MET

• simultaneous fit of tt ̅+0j and tt ̅+1j

Mt = 175 GeV

Mt = 174 GeV, EPJ C59 625 (2009)

SM : σtt̄jets = 1.79+0.16
−0.31 pb

σtt̄jets = 1.6± 0.2(stat)± 0.5(sys) pb
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Differential Top Pt and Mtt ̅ Cross Sections
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• New physics can distort differential top spectra:
- deeper investigation than inclusive cross sections

• lepton + jets selection
- full reconstruction of the tt ̅ events
- subtract background contribution
- unfold distributions from detector effects

• no deviation from SM expectation observed in data

submitted to PLB PRL 102, 222003 (2009)



Conclusion
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• the Tevatron experiments have measured the tt̅ cross sections in all 
possible top decay channels

- well understood tt ̅ samples
- a lof of the measurements are now systematics limited
- precision ~ 6.5 % using tt ̅/Z cross section ratio
- allow to search for many deviations from SM expectations 

• expect soon a Tevatron tt̅ cross section combination

• will continue to scrutinize the top sector with more than 7 fb-1 on tape 
- decay channels with low statistics
- cross section ratio, differential cross sections

See following talks for other Tevatron 
top properties results

F. Déliot, Top 2010, 31-MAY-2010


