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Introduction

• Why to perform precise measurements of the tt cross section ? 
– Test of perturbative QCD. Approximate NNLO cross section of     

164+13
-10 pb @7TeV, 252+27

-29 pb @ 8 TeV                                                        
(HATHOR, Comp.Phys.Commun. 182(2011)1034).

– Search for new physics.
• Deviations from SM prediction.
• Precise estimate of tt background for Beyond Standard Model searches.

• High precision measurements become possible.
– Large tt cross section and luminosity => measurements dominated by systematic 

uncertainties.
– High statistics in control regions => allows to lower the systematics.

• How to be even more precise ?
– Combinations of different channels (statistically independent, different systematic 

sources).
– Combination of ATLAS and CMS measurements => TOPLHCWG.
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Introduction (2)

• Most interesting channels for precise measurements :
– Leptonic decay channels : 

• contain at least one muon or electron => efficient in QCD multi-jet rejection, 
• easier to trigger because of isolated high pT leptons, better control of event selection 

(exploit efficient and pure lepton selection and identifications strategies), 
• presence of Missing ET (MET) helps to reject backgrounds,
• leads to lower systematics (less sensitive to the description of jets).

– Have good signal over noise ratios : the more leptons, the less backgrounds. 
With luminosities, the dilepton channels start to be competitive with the l+jets
channels (especially in the eμ channel).

• “Golden channels” for precise top pair cross-section measurement :
– Lepton+jets, with leptons being electrons or muons, high statistics, limited 

backgrounds mainly coming from W+jets, QCD multi-jets.
– Dilepton, with leptons being electrons or muons, lower statistics but 

compensated by high lumi, low backgrounds mainly Z+jets or dibosons.
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Top pair cross sections @7 TeV
in the lepton+jets channel
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Lepton+jets channel at ATLAS (1)

• Luminosity = 0.70 fb-1.

• Event selection:
– Single lepton trigger. 
– = 1 reconstructed, isolated and identified 

lepton with ET> 25 GeV for electrons (pT>20 
GeV for muons) and |η|<2.5.

– ≥ 3 Jets with pT>25 GeV and  |η|<2.5.
– MET> 35 GeV for electron+jet,                            

25 GeV for muon+jets
– mT(W)>25 GeV and MET+mT(W) > 60 GeV. 

• Corrections to the simulations :
– Lepton efficiencies and resolutions 

compared to Z->ll events in data.

ATLAS-CONF-2011-121
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Lepton+jets channel at ATLAS (2)

• Background determination from data :
– W+jets : estimated using the 

charge asymmetry  of W events,
– QCD multi-jets : estimated using 

a Matrix Method.

• Other backgrounds (Z+jets, single top 
and diboson) are determined using 
simulations.

ATLAS-CONF-2011-121

• Measurement strategy : maximum likelihood fit (profile) of a discriminating distributions. 
Combination of ηl, pT of leading jet, Aplanarity (top events more “spherical”), HT,3p(top events 
are more transverse).

• Likelihood defined as :

Poisson proba. density to
observe nk when μk is expected

Free parameters constrained 
by Gaussian distributions

Introduce sytematics as 
nuisance parameters

Background normalization
constrained by the fit

σtt, backgrounds Detector-related syst.
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• Discriminant after the fit.
• Measured cross section :

• Cross section dependence on the top-
quark mass :

Lepton+jets channel at ATLAS (3)

• Main uncertainties:
– Dominated by systematic 

uncertainties.

– Main systematics from luminosity 
(prelim.), generator (estimated by 
comparing MC@NLO and 
POWHEG), jet and muon
selection.

ATLAS-CONF-2011-121

(7%)
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Lepton+jets channel with 
semi-leptonic b-tagger at ATLAS (1)

• Complementary measurements using semi-leptonic 
decay of b-hadrons : leptons (e,μ) in b-jets (SMT 
tagger) in about 20% of the cases. Only μ in jets 
considered here.

• Luminosity : 4.66 fb-1.

• Event selection :
– similar events selection than ATLAS-CONF-2011-121 

for trigger, lepton and jets. 
– MET> 30 GeV for electron+jet, 20 GeV for muon+jets. 
– mT(W)>30 GeV for electron+jets,                       

MET+mT(W) > 60 GeV for muon+jets.
– ≥1 b-tagged jet with SMT.

• Corrections to the simulations :
– Lepton trigger, reconstruction and selection efficiencies 

from Z events.
– Detailed study of SMT performance in data.

NEW ATLAS-CONF-2012-131
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Lepton+jets channel with 
semi-leptonic b-tagger at ATLAS (2)

• Analysis strategy : use a counting analysis.

• Main uncertainties :
– W+jets and multijet background 

normalization, JES, generator.
– More precise determination of luminosity.

• Compared to ATLAS-CONF-2011-121, 
more uncertainties mainly from the 
background estimates.

NEW ATLAS-CONF-2012-131

Cross section measurements

(11%)
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Lepton+jets channel at CMS (1)

CMS PAS TOP-11-003

≥3 jets and ≥1 btag

≥3 jets and 
≥1 btag

• Luminosity : 0.8-1.1 fb-1

• Event selection :
– Single lepton trigger selection. 
– =1 reconstructed, isolated and identified 

leptons with pT>45 GeV (35 GeV) and 
|η|<2.5 (2.1) for electrons (muons). No 
other lepton with a looser isolation.

– ≥ 1 jet with pT > 30 GeV and |η|<2.4, 
possibly b-tagged (Simple Secondary 
Vertex tagger).

– MET > 30 (20) GeV for the electron+jets 
(muon+jets) channels.

• Corrections to the simulation
– Trigger and lepton efficiencies from data 

using Z events.
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Lepton+jets channel at CMS (2)

• Cross section measurement based on a profile likelihood fit.
• Fitted distributions : Njets vs Nbjets vs Secondary Vertex mass.
• Nuisance parameters : JES/JER, b-tagging efficiency, W+jets ren./fac. scales.
• QCD shapes (μ+jets) and normalizations (μ+jets and e+jets) are extracted from 

control regions in data. 
• Backgrounds : extracted from the fit but under constraints (shape and normalization).

CMS PAS TOP-11-003

Secondary vertex
mass after the fit.
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Lepton+jets channel at CMS (3)

• Main uncertainties,
– Dominated by systematics.
– Main systematics from luminosity, 

JES/JER, lepton selection and PDF.
– Different approach than ATLAS for 

generator systematics (variation of Q2 
scale, matching threshold of MG).

CMS PAS TOP-11-003

Measured cross sections are :
μ+jets
e+jets
comb

Cross check analysis using a combined cross section and b-tagging 
efficiency measurements leads to compatible results.

(9%)
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Top pair cross section @7 TeV
dilepton channel
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Dilepton channel at ATLAS (1)
• Luminosity : 0.70 fb-1

• Event selection :
– Single lepton trigger,
– 2 reconstructed, isolated and identified  electrons (pT>25 GeV, 

|η|<2.5) or muons (pT>20 GeV, |η|<2.5) with opposite charges 
(LL candidates).

– OR 1 lepton and 1 isolated track with pT>25 GeV with opposite 
charge (LT candidate) with a dedicated selection.

– ≥2 jets with pT>25 GeV and |η|<2.5 (2nd selection including 
b-tagging).

– For ee, μμ => mll>15 GeV, MET > 60 GeV (>40 GeV) and    
|mll-mZ| > 10 GeV.

– For eμ, HT (sum pT of selected objects) > 130 GeV.

• Corrections to the simulation
– Trigger, lepton and track efficiencies from data using          

Z->ll events.
– Lepton momentum scale and resolution from Z events.

JHEP05 (2012) 059
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Dilepton channel at ATLAS (2)

• Cross section measurement based on a profile 
likelihood method (event yields).

• Main background sources : Drell-Yan (DY) events for 
ee and μμ channels. Events with fake leptons. 
Diboson events.

• Background determination :
– DY estimated using data : a control region (within the Z 

mass peak and with relaxed MET cuts). Non DY events 
are removed in the control region using simulations.

– tt lepton+jets, W+jets from data: events with mis-
identified (fake) leptons are estimated using an 
extended Matrix Method. 

– Lepton-track events : estimate the probability of a jet to 
fake a track from γ+jets events.  Apply fake probability 
to W+jets events to estimate the fake track-lepton 
contribution.

– Other backgrounds (single top, Z→ττ, diboson) are 
determined from simulation.

JHEP05 (2012) 059
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Dilepton channel at ATLAS (3)

• Main uncertainties :
– Dominated by 

systematics.

– Main systematics : 
luminosity, jet/MET and 
generator uncertainties.

Combined cross section measurement

JHEP05 (2012) 059

(10%)
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Dilepton channel at CMS (1)

• Luminosity : 2.3 fb-1

• Event selection :
– Dilepton trigger : ET(electrons) > 8-17 GeV, pT(muons) > 7-17 GeV.
– 2 reconstructed, isolated and identified leptons with opposite charges,         

pT>20 GeV and |η|<2.5 for electrons (2.1 for muons).
– mll>20 GeV (ee, μμ, eμ channels) and |mll-mZ|> 15 GeV (ee, μμ channels) .
– MET > 40 GeV for ee, μμ channels, no MET cut for the eμ channel.
– ≥2 jets with pT>30 GeV and |η|<2.5.
– ≥1b-tagged jets (Combined Secondary Vertex).

arXiv:1208.2671 

• Selection efficiency
– Dilepton trigger efficiency estimated using an 

independent sample triggered by the MET.
– Lepton selection efficiencies estimated from 

Z→ll events.
– MET selections estimated from the eμ channel.
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Dilepton channel at CMS (2)

arXiv:1208.2671 • Cross section is measured from a profile 
likelihood ratio using the Njets vs NBjets
distribution.

• Complementary measurement : simple 
counting analysis.

• Background determination :
– Z→ll in the ee and μμ channels : using the 

expected ratio of events outside and inside the Z 
mass cut. Ratio taken from simulation but 
corrected using control region in data.

– Z→ττ→eμ from a template fit of the mll
distribution.

– Fake-lepton backgrounds (dominated by tt l+jets) 
estimated using an extended Matrix Method.

– Other backgrounds (single top, diboson) 
estimated from simulation.
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Dilepton channel at CMS (3)

arXiv:1208.2671 

• Combination done with the likelihood fit (with σtt as 
a single parameter), a Best Linear Unbiased 
Estimate (BLUE, Nucl.Instrim.Meth. A270 (1988) 110 ) 
method for the counting analysis.

• Combination dominated by the eμ channel (more 
statistic, less backgrounds, no MET selection).

• Very good agreement with the counting analysis.

• Top mass dependence :

Cross section measurements.

Top mass uncertainty at WA : 1.4 pb

Counting experiment

• With higher luminosity, lower statistical 
uncertainty and better control of systematics.

• More precise luminosity calculation using pixel.
• Main uncertainties :

– Luminosity, JES, W Branching ratio,

(5%)
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αS from top pair cross section

• High precision measurement of the 
top pair cross section can be used to 
determine the strong coupling 
constant αs(mZ).

• Dependence of the tt cross section on 
αs and correlations with mt determined 
with Top++ and HATHOR and for 
various PDF sets.

• αs determined from the maximization 
of a likelihood function :

Gaussian term, 
experimental 
measurement

Convolution of a 
Gaussian (PDF) and a 
rectangular function 

(ren./fact. scales)

Using arXiv:1208.2671
New CMS PAS TOP-12-022 
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LHC combination at 7TeV

• Combination of channels within the same experiment : statistically 
uncorrelated, some systematics uncorrelated.

• Combination of LHC results : statistically uncorrelated, more 
systematics uncorrelated.

• TOPLHCWG combinations done with 0.7-1.1 fb-1 (first attempt), 
also including results presented in the previous talk (Gia Khoriauli).
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ATLAS and CMS combinations 
@7TeV

• ATLAS combination using     0.7-1.0 fb-1.
• Combination done using a profile 

likelihood ratio method. 
• Gain 25% of stat. and 11% of syst. 

uncertainties compared to the l+jets
channel .

ATLAS-CONF-2012-024CMS PAS TOP-11-024

• CMS combination using 0.8-1.1 fb-1.
• Combination done using a binned maximum 

likelihood (TOP-11-003).  Gain 21% of stat.
and 11% of syst. uncertainty compared to the 
l+jets channel. 

• Combination cross-checked with a BLUE 
method  : agree within 1%, 3% less precise.
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LHC Combination @7TeV
• LHC combination from TOPLHCWG working group : combination of the 

ATLAS and CMS combinations (ATLAS-CONF-2012-134, CMS PAS TOP-
12-003).

• BLUE method used : simple and compatible results with likelihood based 
methods. 

• Type of uncertainties and their correlations :
– Detector modeling : uncorrelated.
– JES : uncorrelated (assumption tested).
– Signal modeling : fully correlated (assumption tested).
– Backgrounds estimated from data : uncorrelated.
– Backgrounds estimated from simulation : fully correlated.
– Luminosity : partially correlated, bunch charge uncertainty (fully correlated, 3% 

for ATLAS, 3.1% for CMS) or detector related uncertainty (uncorrelated 2.4% for 
ATLAS, 3.6% for CMS).



24/30Jeremy Andrea 24/30Jeremy Andrea

LHC Combination @7TeV

Combined cross section measurement

• ATLAS+CMS combined cross section 
measurements.

• Total correlations between the 
measurements : 30%.

• Combined tt cross section uncertainty
becomes 5.8% (around 10 pb) => gain 
about 7% w.r.t. the most precise 
measurement.

Better results are expected with new 
measurements : more statistics,                        

better lumi. systematic.
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Top pair cross section @ 8 TeV
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Lepton +jets channel at CMS (1)

• Luminosity : 2.8 fb-1.

• Event selection :
– Lepton+jets trigger : ≥ 1 lepton with pT> 17-20 

GeV for muons (25 GeV for electrons) and ≥ 3 
jets with   pT > 30 GeV.

– Exactly 1 lepton with pT>26 GeV (30 GeV) and 
|η|<2.1 (2.5) for muons (electrons).

– Events with another leptons with loose isolation 
rejected.

– ≥4 jets with pT >45, 45, 35, 35 GeV and 
|η|<2.5.

– ≥1 b-tagged jet using the Jet Probability tagger.

• Selection efficiencies :
– Trigger and lepton selection efficiencies 

determined from Z->ll data.

CMS PAS TOP-12-006
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Lepton +jets channel at CMS (2)

• Analysis strategy :
– Estimate the number of tt events from a 

template fit of the Mlb distribution.
– The templates for tt, single-top and 

W/Z+jets taken from simulation.
– QCD template from data in a control 

region (inverting isolation cut on lepton).

• Cross-check analysis : different 
selection and using the M3 variable, 
similar results.

• Main uncertainties:
– B-tagging efficiency, generator, JES, 

luminosity

Combined cross section measurements.

(14%)
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Dilepton channel at CMS

Combined cross section measurement.

CMS PAS TOP-12-007

• Luminosity : 2.4 fb-1.
• Events selection, backgrounds 

determination and selection 
efficiencies as the 7 TeV 
measurement.

• Different fake lepton estimation : using 
like sign lepton selection.

• Counting experiment.

• Main systematics :
– Luminosity, JES, lepton efficiency.

(7%)
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CMS combination at 8 TeV

• Combination of the CMS 8 TeV
measurements, using a BLUE
method.

• Combination dominated by the 
dilepton measurement.

Combined cross section measurement.

• Ratio of the 8TeV
(combination) and 7TeV cross 
sections (dilepton at 2.3 fb-1).

• Lot of systematic uncertainties 
cancel out.

• is found to be 1.41±0.10.
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Summary
• High luminosity allows to perform high precision measurements of  tt cross section.

• All measurements performed at 7 and 8 TeV are compatible within the 
uncertainties, and are compatible with theoretical calculations.

• For the same luminosities (about 1 fb-1), ATLAS and CMS measurements have 
similar precisions : uncertainty of 11.4 pb (6.4%) for ATLAS, 14.4 pb (8.7%) for CMS.

• Combining ATLAS and CMS results allows to go to an uncertainty as low as 10 pb.

• With higher luminosities, very high precision can be reached : 7 pb (<5%, CMS) in 
the dilepton channel.

• Similar precisions can be reached with the 8 TeV data, despite the high multiplicity of 
pileup events : 15 pb (<7%).

• Cross-section measurements start to be more precise than approximate NNLO 
calculations.
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Backups
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ATLAS-CONF-2011-121
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ATLAS-CONF-2011-121
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• Aplanarity : smallest eigen value of Mij
ATLAS-CONF-2011-121
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ATLAS-CONF-2012-131
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ATLAS-CONF-2012-131
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ATLAS-CONF-2012-131
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CMS PAS TOP-11-003
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CMS PAS TOP-11-003
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CMS PAS TOP-11-003
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CMS PAS TOP-11-003
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Phys.Lett.B 707 (2012) 459
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arXiv:1208.2671 
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arXiv:1208.2671 
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arXiv:1208.2671 
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arXiv:1208.2671 
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arXiv:1208.2671 
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Data-driven from ATLAS

• W-charge asymmetry method.

• Matrix method

Charge asymmetry from MC

From data

From Z->ll in 
events

From region enriched in QCD
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