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• Important test for both pQCD and the ATLAS detector!

• All parts of the detector must be understood

• Major background in BSM (e.g. SUSY) 
and Higgs searches  

• Deviations in ttbar xs could be 
hints of New Physics (e.g. Z’→ttbar)

• NNLO prediction:

• Previous measurement with 2.9 pb-1: 

Introduction

3

σtt̄ = 145± 31(stat)+42
−27(syst) pb

σNLO

tt̄
= 165+11

−16 pb

[ CERN-PH-EP-2010-064 ]
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The ATLAS detector

• Multi-purpose detector for pp and AA 
physics at the LHC

• ID: pixel + strips + straw tubes (TRT), 
2T solenoidal B field

• Cal: LAr sampling accordion 
geometry (ECAL) + Tile (HCAL)

• Air-core toroids, low multiple 
scattering for muons

• Muon spectrometer: 3 layers of 
tracking chambers + trigger
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Data Samples in 2010

• √s = 7 TeV pp runs

• Peak luminosity 2×1032 cm-2s-1 

• <pileup>=3

• δL = 3.4%

• Total delivered 48.1 pb-1

• Total recorded 45.0 pb-1

• ATLAS efficiency 93.6%

• Good run list for top quark studies 35.5 pb-1
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Backgrounds
16 Top Quark Physics and Monte Carlo Generation

Figure 1.10: Examples of W+jets (left) and Z+jets (right) events.
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• Quark-antiquark annihilation (s-channel) such as u + d → t + b

• W boson exchange (t-channel) such as u + b → t + d

• Wt associated production such as b + g → W + t

At the LHC, the most important production channel will be t-channel [8] with

a cross section of 124pb at
√

s = 10TeV , followed by Wt (32pb) and s-channel

(6pb). Single top productions will provide a measurement to the Vtb element

of the CKM matrix, and could unravel the existence of a fourth generation of

fermions and of a W ′ boson.

1.1.5.4 Diboson

Diboson processes are interactions in which two boson are produced and de-

cay subsequently, the most important being WW , WZ and ZZ. This is consid-

ered a minor background since the requirement of at least two b-tagged jets

reduces its contamination considerably. However, b-tagging will not be used

in the analysis presented here as it is not clear if the efficiency of the tracker

will be high enough at the beginning of the operations. Events of type WbWb

(two radiated b quarks) could survive event selection (see figure 1.12).

1.1 Top Quark and its Decay Channels 15

Full-hadronic channel This channel presents at least 6 jets (2 b-jets and 2 jets

coming from each W bosons). Rejection of QCD MJB is much more com-

plicated than in the leptonic case, however b-tagging and some more ad-

vanced techniques can improve selection efficiency.

Examples of QCD multi-jet backgrounds are shown in figure 1.9

Figure 1.9: QCD Multi-jet events.
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1.1.5.2 W+jets and Z+jets

QCD multijet background is not at all the only background that is present in

such collisions. In fact, charged isolated leptons can arise from Drell-Yan pro-

duction, e.g. qq → Z → l+l−, or from the decay of a W boson, and both can be

produced in association with particle jets originated from a radiated quark or

gluon. Furthermore, real Emiss
T is present in W → l±νl decays due to neutri-

nos. Some examples are given in figure 1.10. Of course, detector effects such as

dead materials, misreconstruction of leptons and jets and miscalibration must

be considered, since they can give rise i.e. to fake missing transverse energy

and fake leptons reconstructed from jets. All these effects will be studied in

depth in the following chapters. All in all, W + jets events will be the most

important Standard Model background to tt studies at the LHC.

1.1.5.3 Single top

Top quarks can even be produced individually through weak interactions.

These single-top production processes are usually divided into three classes,

depending on the virtuality of the W boson involved at the leading order [11]:

7

• QCD and W backgrounds estimated from data

• Z+jets, Single top, WW/ZZ/WZ from MC simulations 

• Pile-up effects taken into account
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Electrons

• Medium PID cuts

• No “crack” region 1.37 < | η| < 1.52

• Isolation ΣET(r≤0.2) < ( 4 + 0.023 ET ) GeV

Analysis Objects

8

Muons

• Combined tracks ID + MS

• Isolation 

• ΣET(r≤0.4) < 4 GeV

• ΣpT(r≤0.4) < 4 GeV

• ΔR(jet, muon) > 0.4
Jets

• Anti-kT, R=0.4 from topological clusters

• Energy calibrated to hadronic scale (pT, η)

• ΔR(ele, jet) > 0.2

• b-tagged SV0 w > 5.85

Missing Energy

• From topological clusters. 

• “Jet” cells calibrated had scale

• “Electron” and “muon” cells 
replaced by reco object ET

kin cut on leptons and jets: pT>20 GeV, |η| < 2.5
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b-Tagging

• 2010 choice: SV0 tagger

• Long B hadrons lifetime ⇒ identification of secondary vertex

• b-Tag = Sec vtx ⊕ L/σ(L) resulting in εbtag = 50% in MC ttbar events

• Calibrated using a lower efficiency “soft-lepton” tagger

• Soft muon inside jet from semileptonic 
decays of B hadrons

• Calibration of more efficient taggers underway...
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Event Selection

10

e+jets

Single lepton trigger

Single electron, no muons

ETmiss > 20 GeV

ETmiss + mT(W) > 60 GeV

3,  ≥4 jets pT > 25 GeV

( ≥ 1 b-tagged jet )

mu+jets

Single lepton trigger

Single muon, no electrons

ETmiss > 20 GeV

mT(W) > 35 GeV

3,  ≥4 jets pT > 25 GeV

( ≥ 1 b-tagged jet )

• Depending on the analysis, one asks 3, 4, ≥4, ≥5 jets and the presence of a 
b-tagged jet

• e.g. ≥4  & 1 b-tag results in ~ 6% efficiency on signal



electron

ETmiss
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ttbar l+jets Cross-section Measurements by ATLAS

• Pre-tag analyses:

• Multivariate with 3 variables (baseline)

• 1D lepton η fit

• 1D Δηmax(l,jet) fit

• Cut and count

• Tagged analyses:

• Multivariate with 4 variables (baseline)

• Top mass fit in the 3- and ≥4-jets samples (16 parameters)

• Top mass profile fit in the 3-, 4- and ≥5-jets samples (profile likelihood)

• Cut and count

• Measurements performed in the di-lepton and full-hadronic channel as well

12
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Baseline Multivariate Analyses

13

• Projective likelihood based on ηl, Ql and aplanarity

• 4 channels ( e/μ + 3-, ≥4-jets )

• Independent of b-tagging

• Less systematics but worse S/B ratio

• δσ ~ 15%

• Profile likelihood based on ηl, HT,3p, 
b-tag weight and aplanarity

• 6 channels ( e/μ + 3-, 4-, ≥5-jets )

• Fit extracts σtt and 15 parameters 

• δσ ~ 13%

w
/ 

b-
ta

gg
in

g
b-

ta
gg

in
g

σtt̄ = 171± 17(stat)+20
−17(stat)± 6(lumi)

σtt̄ = 186± 10(stat)+21
−20(stat)± 6(lumi)
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Cut and Count Analysis

• Simplest approach: just count events and apply the cross-section formula:

• Common ground for other top-related studies (e.g. ttbar resonances)

• Largest uncertainty: δσ~20%

• Statistical error ~10%

• Main systematics: ISR/FSR, Jet energy scale, W+jets normalization

14

σtt̄ =
Nsig

� · B · L =
Nobs −Nbkg

� · B · L
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QCD background

• Isolated e/μ from h.f. semileptonic decays

• γ→ee conversion

• Jets identified as electrons

• π/K punch-through

Extract shape from loose selection

15

N loose = N loose
real + N loose

fake

N tight = N tight
real + N tight

fake

= �realN
loose
real + �fakeN

loose
fake

fit/scale

Z→μμ fake-enhanced 
samples

assume same shape loose / tight electrons
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• Same final state as signal, dominated by W + bb/cc + jets

• MC prediction has large uncertainty

• W/Z ratio method in the pre-tag sample:

• Extrapolation to tagged sample applying MC-driven correction factor:

W+jets background

16

CMC =
�
W≥4jets/W 1jet

�
MC

(Z≥4jets/Z1jet)MC

W≥4jets
data = W 1jet

data

�
Z≥4jets

Z1jet

�

data

· CMC
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channel selection nj=1 nj=2 nj=3 nj ≥ 4
e+jets pretag 287±143 123±62 62±31 22±11
e+jets tagged 14.4±7.7 15.2±7.6 10.8±8.6 8.6±9.4

Table 4: Number of multijet events predicted by different fake electron models as a function of jet

multiplicity.

6 W+jets background329

As theoretical uncertainties on the W+jets events in the tagged 4-jet sample are large, we follow data330

driven approaches that combines measurements from several control sample. We construct this estimate331

as:332

W
≥4jet
tagged

= W
≥4jet
pretag · f

≥4−jet
tagged

(3)

where W
≥4jet
pretag is an estimate of W+jets event count in the pretag 4-jet sample and f

≥4− jet
tagged

is the fraction333

of these events that will be tagged (defined as the fraction of events with one or more jets passing the334

b-tagging criteria), calculated as335

f
≥4−jet
tagged

= f
2−jet
tagged

· f corr2→≥4 (4)

where f
2− jet
tagged

is a measurement of the W+jets tag fraction in the 2-jet sample and f corr2→≥4 is a correction336

factor that scales the fraction of tagged events in the 2-jet sample to the fraction of tagged events in the337

≥4-jet sample, accounting for the differences in flavor composition and the corresponding event tagging338

probabilities.339
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Figure 11: W transverse mass distributions after full selection in the pretag (top row) and tagged (bottom

row) data for events with exactly one (left) and two (right) jets.The data are shown by the points with

error bars, compared to the sum of all expected contributions, taken from simulations (tt̄, single top, W

and Z+jets) or estimated using a data-driven technique (QCD multi-jet). The hatched area shows the

uncertainty on the total expectation due to the uncertainty on the QCD background estimate.
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Figure 11: W transverse mass distributions after full selection in the pretag (top row) and tagged (bottom

row) data for events with exactly one (left) and two (right) jets.The data are shown by the points with

error bars, compared to the sum of all expected contributions, taken from simulations (tt̄, single top, W

and Z+jets) or estimated using a data-driven technique (QCD multi-jet). The hatched area shows the

uncertainty on the total expectation due to the uncertainty on the QCD background estimate.

/
• Other approaches (larger uncertainty): 

Berends-Giele scaling, W charge asymmetry

f2−jet
tagged =

flavours in 2- and 4-jets 
sample not the same

fcorr
2→≥4

from MC
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Reconstruction of the Hadronic Top Quark

• Are we really reconstructing top quarks?

• Simplest method: choose 3 jet combination with maximum pT

17
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Figure 9: Distribution of the invariant mass mj j j of the three jets with the highest vector sum PT for the

events passing all the baseline selection without b-tagging in (a) the electron channel and (b) the muon

channel.
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Figure 10: Distribution of the invariant mass mj j j of the three jets with the highest vector sum PT for

the events passing all the baseline selection with b-tagging in (a) the electron channel and (b) the muon

channel.
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Calculation of the cross-section

σtt̄ =
Nobs −Nbkg

� · B · L

18

Pretag e+jets μ+jets

ttbar (MC)

W+jets (DD)

QCD (DD)

Total bkg

Observed

189.7±45.9 247.8±69.9

156.7±38.1 309.6±61.1

22.0±11.0 51.3±15.4

210.3±41.3 405.2±65.1

400 653

Tagged e+jets μ+jets

ttbar (MC)

W+jets (DD)

QCD (DD)

Total bkg

Observed

126.8±16.6 182.0±21.8

12.2±5.3 39.5±14.4

8.6±9.4 13.0±3.9

29.2±10.9 64.0±15.2

156 246

• Top mass mt=172.5 GeV

• Acceptance ε estimated from MC

• Luminosity uncertainty 3.4%
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Combination of the the two channels (c&c only)
• Method based on Bayes’ theorem

• Joint posterior calculated from likelihood 
of each channel ⊗ priors

• Likelihood takes into account the 
dependence of the xs on the systematics 
(nuisance parameters)

• Marginalization performed with a Markov Chain 
Monte Carlo

• Results agree with frequentist method

p1(θ|D1) ∝ L(D1|θ)p0(θ)
p2(θ|D2) ∝ L(D2|θ)p1(θ) = L(D2|θ)L(D1|θ)p0(θ)

P (A|B) =
P (B|A)P (A)

P (B)

19

mode of 
the p.d.f.

1σ band

2σ band
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integration using the Markov Chain MonteCarlo (MCMC) technique as implemented in the Bayesian558

Analysis Toolkit [39]. A flat prior for the signal cross section is assumed. The posterior pdf for the559

signal cross-section obtained in this way fully includes the sources of systematic uncertainties and their560

correlations.561

The most probable value and the central 68% probability interval of the posterior can be taken as a

representative value for the combined cross section and its uncertainty, and it turns out to be:

σtt̄ = 154
+50
−45pb.

for the selection without btagging, and

σtt̄ = 156
+36
−30pb.

for the selection with b-tagging. The error accounts for statistical, systematic and luminosity related562

uncertainties, and this result is in agreement with the combination technique previously described.563

A detailed breakdown of the total systematic uncertainties is provided in Table 17. The compo-564

nents listed under ’Object selection’ relate to sources discussed in Section 3.1, the components listed565

on ’Background rates’ relate to the uncertainty on background estimates detailed in Sections 5 and 6.566

Finally, items under ’Background simulation’ and ’Signal’ simulation refer to systematic uncertainties567

related to the generation of signal and background samples as described in Section 2.2. The median value568

of the cross section posterior is also reported in the table.569

Channel XS [pb] median XS [pb]

e + jets pre-tag 159 ± 17 +50−44 ± 7 166 ± 17 +56−48 ± 7

µ + jets pre-tag 148 ± 16 +47−47 ± 7 155 ± 16 +55−49 ± 7

pre-tag combined 154 ± 11 +48−43 ± 7 162 ± 11 +54−45 ± 7

e + jets tagged 153 ± 16 +41−27 ± 6 165 ± 16 +44−29 ± 6

µ + jets tagged 159 ± 14 +35−27 ± 6 167 ± 14 +38−27 ± 6

tagged combined 156 ± 10 +34−28 ± 6 165 ± 10 +38−27 ± 6

Table 16: Estimated inclusive tt̄ cross sections. The errors respresent the statistic, and combined system-

atic and luminosity uncertainty. The second column reports the results with the most probable value of

the cross section posterior, which has been used for the final results; the median is reported in the third

column.

9 Summary570

We presented a cross section measurements of the tt̄ production with the ATLAS detector at the LHC in571

pp collisions at
√
s = 7 TeV in the lepton plus jets final state. In a dataset with integrated luminosity of572

35.3 pb−1we found 1053 events in the lepton plus jets channel (400 in the electron channel, and 653 in the573

muon channel) before the b-tagging selection, and 402 after the b-tagging selection (156 in the electron574

channel, and 246 in the muon channel). Using data-driven background estimation techniques, we found575

example of posterior p.d.f.
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Results

• Multivariate analysis has the smallest 
uncertainty δσ ~ 13%

• Cut and count method δσ ~ 20%

• Combination of the measurements based on 
frequentist method 

• 5-channels combination ( l+jets & di-leptonic) 
δσ ~ 10% !
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δσATLAS~10%

δσCMS~12%

Conclusions
• Top quark production cross-section measurement performed by the ATLAS 

experiment with the full 2010 statistics of 35.5 pb-1

• Agrees with the Standard Model pQCD prediction

• Already in the systematics-dominated regime

• lepton+jets δσ~13%

• Combination with di-leptonic 
channels δσ~10%

• δσ~theory, Tevatron

21

Expected >1 fb-1 in 2011
Now entering top quark precision era!
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References for ATLAS ttbar cross-section 
measurements

• Top quark pair cross-section (2.9 pb-1) arXiv:1012.1792

• Single lepton pre-tag ATLAS-CONF-2011-023

• Single lepton b-tag ATLAS-CONF-2011-035

• Di-lepton ATLAS-CONF-2011-034

• Combination ATLAS-CONF-2011-040
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QCD background - μ Channel

• Semileptonically decaying quarks with sufficiently isolated lepton (non-
prompt)

• Fake (π/K punch-through)

24

Loose muons

Tight  muons

Fake muons Real muons

• Solve for Ntightfake

• εreal from Z→μμ

• εfake from control samples enhanced in fake 
leptons

N loose = N loose
real + N loose

fake

N tight = N tight
real + N tight

fake

= �realN
loose
real + �fakeN

loose
fake
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Systematic uncertainties for the cross-section

25
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Source ∆σ(e)/σ[%] ∆σ(µ)/σ[%] ∆σ(e)/σ[%] ∆σ(µ)/σ[%]
pre-tag pre-tag tagged tagged

Statistical error 10.4 10.2 9.9 8.6

Object selection
Lepton Reco,ID,Trigger +3.8/-3.5 +1.0/-0.9 +3.8/-3.5 +1.0/-0.9
Jet energy Reco +14.1/-11.8 +14.5/-12.3 +11.4/-9.6 +9.9/-8.5
b-tagging - - +11.7/-8.4 +11.7/-8.4

Background rate

QCD norm 4.4 6.1 6.2 0.7
W+jets norm 19.5 23.4 4.1 7.7
Other bkg norm 5.7 6.1 0.7 0.7

Signal simulation

ISR/FSR +10.6/-6.5 +10.3/-4.6 +8.9/-6.7 +8.3/-5.9
PDF 1.7 1.4 1.9 1.6
Parton Shower +4.8/-4.4 +4.0/-3.7 +4.8/-4.4 +4.0/-3.7
NLO generator +7.1/-6.2 +5.3/-4.8 +7.0/-6.1 +2.8/-2.6
Pile-up 1.2 1.2 0.6 0.8

Sum systematics +28.9/-26.2 +31.4/-28.9 +22.2/-18.4 +19.8/-16.2

Integrated Luminosity +3.8/-3.6 +3.8/-3.6 +3.5/-3.3 +3.5/-3.3

Table 17: Summary of individual systematic uncertainties contribution to the cross section determination

using the counting method. All numbers are relative errors expressed as percentage. For a detailed

description of the individual systematic uncertainties consult Section 7.

good agreement in lepton plus jets control samples with enhanced contributions fromW plus jets, Z plus576

jets, multi-jet production. Excluding tt̄ production, we estimated a standard model background passing577

the signal selection criteria of 616±77.1 events before the b-tagging selection and 93.2±18.7 events578

after the b-tagging selection. The kinematic properties of the excess events were consistent with the tt̄579

hypothesis. Finally, we measured the tt̄ cross-section in the lepton plus jets channel. The tt̄ production580

cross-sections measured with in the electron and muon channels combined is:581

σtt̄= 154
+52
−47 pb582

before b-tagging, and583

σtt̄= 156
+37
−29 pb584

after the b-tagging selection.585
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Projective and profile likelihoods

26

Projective likelihoodL(D|θ) =
p(D|S, θi)

p(D|S, θi) +
�

k p(D|Bk, θi)

Lp(θ) = L(θ, ν̂θ) = sup
ν

L(θ, ν) Profile likelihood

ν̂θ
maximum likelihood of nuisance parameter ν 
for a fixed model parameter θ=
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Aplanarity

27

Sαβ =
�

i pα
i pβ

i�
i |pi|2

S =
3
2
(λ2 + λ3)

ST = 2
λ2

λ1 + λ2

A =
3
2
λ3

sphericity
tensor ⇒ eigenvalues

isotropic A=1/2
planar A=0
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QCD background - e Channel

• Jets with high EM fraction (fake electrons)

• Semileptonically decaying quarks with sufficiently isolated lepton (non-prompt)

• Fitting method with “anti-electrons”:

• Loose electrons failing track quality cuts

• Fill template histograms 

• Fit ETmiss template in sideband (e.g. ETmiss < 20 GeV)

28



Riccardo Di Sipio ttbar cross-section @ ATLAS - IFAE, Perugia 27-29 / 04 / 2011

QCD Background

29
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Figure 12: W transverse mass distributions after full selection in the pretag (top row) and tagged (bottom

row) data for events with exactly one (left) and two (right) jets. The data are shown by the points with

error bars, compared to the sum of all expected contributions, taken from simulations (tt̄, single top, W

and Z+jets) or estimated using a data-driven technique (QCD multi-jet). The hatched area shows the

uncertainty on the total expectation due to the uncertainty on the QCD background estimate.
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Figure 12: W transverse mass distributions after full selection in the pretag (top row) and tagged (bottom

row) data for events with exactly one (left) and two (right) jets. The data are shown by the points with

error bars, compared to the sum of all expected contributions, taken from simulations (tt̄, single top, W

and Z+jets) or estimated using a data-driven technique (QCD multi-jet). The hatched area shows the

uncertainty on the total expectation due to the uncertainty on the QCD background estimate.
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Figure 11: W transverse mass distributions after full selection in the pretag (top row) and tagged (bottom

row) data for events with exactly one (left) and two (right) jets.The data are shown by the points with

error bars, compared to the sum of all expected contributions, taken from simulations (tt̄, single top, W

and Z+jets) or estimated using a data-driven technique (QCD multi-jet). The hatched area shows the

uncertainty on the total expectation due to the uncertainty on the QCD background estimate.
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Figure 11: W transverse mass distributions after full selection in the pretag (top row) and tagged (bottom

row) data for events with exactly one (left) and two (right) jets.The data are shown by the points with

error bars, compared to the sum of all expected contributions, taken from simulations (tt̄, single top, W

and Z+jets) or estimated using a data-driven technique (QCD multi-jet). The hatched area shows the

uncertainty on the total expectation due to the uncertainty on the QCD background estimate.
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W + jets factors

30
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6.2 Data Driven Estimate of theW+jets Background in the tagged sample493

For the second ingredient, f
2−jet
tagged
, we take the pretag yield and subtract the pretag non-W backgrounds as494

given in Table 5. This gives an estimate of theW+jets contribution in the 2-jet sample. The same is done495

in the tagged sample: the estimated non-W backgrounds, as shown in Tables 1 and 2, are subtracted from496

the measured yield after applying the tagging criteria resulting in an estimate of theW+jets contribution497

in the 2-jet sample after tagging. The ratio of the two represents our estimate of the fraction of tagged498

events in the 2-jet sample:499

ftaggede+2−jet = 0.028 ± 0.005(stat.) ± 0.004(syst.)
ftaggedµ+2−jet = 0.040 ± 0.004(stat.) ± 0.003(syst.).

Figure 11 shows the distribution of the transverse mass MT for the 2-jet pretag and tagged distribution500

and illustrates the purity of both samples.501

The final ingredient, the correction factor f corr
2→4, is defined as f

corr
2→≥4 = f

≥4−jet
tagged

/ f
2−jet
tagged
. It is obtained502

from simulation studies on Alpgen W+jets events and is determined to be:503

f corr2→4 = 2.8 ± 0.8(syst.), e channel, (10)

f corr2→4 = 3.2 ± 0.9(syst.), µ channel. (11)

The following assumptions were made for the determination of this correction factor and its associated504

uncertainties; uncertainties are assumed to be Gaussian:505

• A 100% uncertainty on the W+bb+jets and W+cc+jets fractions and a 40% uncertainty on the506

W+c+jet fraction is used on the prediction by A in the 2-jet bin, from the studies reported507

in [27]. These uncertainties are fully correlated between W+bb+jets and W+cc+jets and uncorre-508

lated with W+c+jet.509

• The uncertainty on the scaling factors for the efficiency of b-tagging for b, c and light jets as510

listed in Section 3.1 is assumed. This translates approximately to the same uncertainties on the511

event tagging probabilities for W+bb+jets, W+cc+jets and W+c+jets, and W+light jets in the 2-512

jet and ≥4-jet bins. These uncertainties are fully correlated between W+bb+jets, W+cc+jets and513

W+c+jets and uncorrelated withW+light jets. The tag fractions are measured separately for the 2-514

jet and 4-jet bin and an additional 20%/100% uncertainty is assumed on the ratio of these fractions515

for the heavy flavor and light jet components, respectively.516

• The uncertainty on the ratio of fractions of in the 2-jet bin and the ≥4-jet bin for W+bb+jets,517

W+cc+jets and W+c+jets, is estimated by the variation of several Alpgen generator parameters518

that are known to influence this ratio, such as the scale factor for the CKKW αs scale. The un-519

certainties are applied with the correlation that is predicted by A. Conservatively, these520

uncertainties are increased by a factor of two and add up to 40%-60% per ratio.521

The leading uncertainty on f corr2→4 is due to the last effect, the uncertainty of the predicted ratios of flavor522

fractions in the 2-jet and 4-jet bin due to Alpgen variations. The errors on the uncertainty of the flavor523

composition in the 2-jet bin, while large by itself, are small on f corr
2→4 due to effective cancellations in the524

ratio.525

526

Applying Equations (3) and (4), the estimated yields forW+jets in the 4-jet tagged samples are527
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channel selection nj=1 nj=2 nj=3 nj ≥ 4
e+jets pretag 287±143 123±62 62±31 22±11
e+jets tagged 14.4±7.7 15.2±7.6 10.8±8.6 8.6±9.4

Table 4: Number of multijet events predicted by different fake electron models as a function of jet

multiplicity.

6 W+jets background329

As theoretical uncertainties on the W+jets events in the tagged 4-jet sample are large, we follow data330

driven approaches that combines measurements from several control sample. We construct this estimate331

as:332

W
≥4jet
tagged

= W
≥4jet
pretag · f

≥4−jet
tagged

(3)

where W
≥4jet
pretag is an estimate of W+jets event count in the pretag 4-jet sample and f

≥4− jet
tagged

is the fraction333

of these events that will be tagged (defined as the fraction of events with one or more jets passing the334

b-tagging criteria), calculated as335

f
≥4−jet
tagged

= f
2−jet
tagged

· f corr2→≥4 (4)

where f
2− jet
tagged

is a measurement of the W+jets tag fraction in the 2-jet sample and f corr2→≥4 is a correction336

factor that scales the fraction of tagged events in the 2-jet sample to the fraction of tagged events in the337

≥4-jet sample, accounting for the differences in flavor composition and the corresponding event tagging338

probabilities.339
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multiplicity.

6 W+jets background329

As theoretical uncertainties on the W+jets events in the tagged 4-jet sample are large, we follow data330

driven approaches that combines measurements from several control sample. We construct this estimate331

as:332

W
≥4jet
tagged

= W
≥4jet
pretag · f

≥4−jet
tagged

(3)

where W
≥4jet
pretag is an estimate of W+jets event count in the pretag 4-jet sample and f

≥4− jet
tagged

is the fraction333

of these events that will be tagged (defined as the fraction of events with one or more jets passing the334

b-tagging criteria), calculated as335

f
≥4−jet
tagged

= f
2−jet
tagged

· f corr2→≥4 (4)

where f
2− jet
tagged

is a measurement of the W+jets tag fraction in the 2-jet sample and f corr2→≥4 is a correction336

factor that scales the fraction of tagged events in the 2-jet sample to the fraction of tagged events in the337

≥4-jet sample, accounting for the differences in flavor composition and the corresponding event tagging338

probabilities.339
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values is taken as systematic uncertainty, and added in quadrature to the difference between the426

nominal alpgen and sherpa values. This gives a total theoretical uncertainty of 12% for the electron427

channel and 9.4% for the muon channel. The PDF uncertainty was found to be 3.2%.428

• The effects of detector reconstruction uncertainties have been evaluated; of these, the most impor-429

tant is that associated to the jet energy scale, which is about 3%.430

Channel Electron Muon

sample CMC
default 1.20 ± 0.10 1.03 ± 0.07
δR 1.04 − 1.05 ± 0.06 0.96 − 0.99 ± 0.05
pT 0.98 − 1.14 ± 0.08 0.92 − 1.07 ± 0.07
ktfac 0.99 − 1.02 ± 0.06 0.95 − 0.99 ± 0.06
iqopt 1.02 ± 0.05 0.98 ± 0.04

Table 7: Variation of the parameter CMC in Eq. 6 from varying various parameters of Alpgen Monte

Carlo: the δR and pT of the matching between the parton shower and matrix element calculations, and

the renormalization scale parameters. For each parameter variation, the range of values obtained is

shown.

In Table 9 we report the predicted number ofW → lν events, computed according to Eq. 6. TheW →431

τν contribution has been estimated from the data-driven W → lν rate and the Monte Carlo prediction of432

the ratio between W → τν and W → lν rates, and is also reported in the table.433

Channel Electron Muon

Estimated W → lν 150.7 290.6

Estimated W → τν 6 19

Statistical uncertainty 21% 17%

Purity of control samples 3% 2%

Theoretical uncertainties 12% 9.4%

Jet energy scale 3% 3%

PDFs 3.2% 3.2%

Total W+jets background 156.7 ± 38.1 309.6 ± 61.1

Table 8: Number ofW background events estimated using the W/Z ratio method, before the selection of

at least one b-tagged jet.

6.1.4 Estimation of W+jets background without b-tagging using Berends scaling434

The expected rate of W+jets events after the requirement of at least four jets but before the b-tagging435

requirement has been evaluated using Eq. 5. The following sources of systematic uncertainty have been436

considered:437

• The purity of the W+jet control sample, discussed in the previous sections.438

• The assumption that the (W+(n+1) jets/W+n jets) ratio is constant has been checked using the439

alpgen samples with different generator parameters described above. The spread around unity of440
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rel.uncertainty(%) e+jets µ+jets e+jets µ+jets

pre-tag pre-tag tagged tagged

b/c-tagging efficiency 0 0 +9.1/-10.4 +9.2/-10.5

light jets tagging efficiency 0 0 ±0.2 ±0.2
lepton trigger, reconstruction and selection ±3.6 ±0.9 ±3.6 ±0.9

jet energy scale +9.0/-9.1 +7.8/-8.7 +8.9/-9.0 +7.6/-8.5

jet energy resolution ±0.2 ±0.2 ±0.4 ±0.4
jet reconstruction efficiency ±2 ±2 ±3 ±3
electron energy scale +0.2/-0.6 0 +0.2/-0.6 0

electron energy resolution ±0.2 0 ±0.2 0

muon momentum scale 0 ±0.3 0 ±0.3
muon momentum resolution 0 ±0.1 0 ±0.1

ISR/FSR +7.0/-9.6 +4.8/-9.3 +7.2/-8.2 +6.3/-7.7

NLO generator (MC@NLO v.s. P) ±6.6 ±5.0 ±6.5 ±2.7
Parton Shower generator (H v.s. P ) ±4.6 ±3.8 ±4.6 ±3.8

PDFs ±1.7 ±1.4 ±1.9 ±1.6
Pile up -1.2 -1.2 -0.6 -0.8

TOT +19.2 -15.3 +15.0 -15.3 +14.4 -19.9 +16.1 -15.5

Table 15: Contributions to the uncertainty on the estimated tt̄ signal acceptance ε, for electron and muon

channels separately, before and after b-tagging, expressed as relative percent uncertainty.

suitable priors for large systematics than truncated Gaussians. In the small systematic uncertainty limit,550

the Gamma distribution coincides with the conventional choice of a Gaussian.551

A similar result for the combined cross section has been obtained also using a Bayesian approach

(documented in [37]) that allows a straightforward treatment of the systematic uncertainties in the cross

section measurement. The effect of each systematic is accounted for by constructing a joint likelihood

which includes the dependence of the combined cross section from the uncertainties. The joint probabil-

ity density function (pdf) is the product of this likelihood times the priors. The posterior pdf of the cross

section is then obtained by removing the dependence on the uncertainties (marginalization) and solving

the Bayes formula. In order to extract the top cross section from the analysis of each channel (e.g. the

muon and electron channel in the semileptonic analysis) we consider a Poissonian likelihood:

f (σ|Nobs) =
P(Nobs|σ) f0(σ)

∫ ∞
0
P(Nobs|σ) f0(σ)dσ

(13)

P(Nobs|σ) =
µNobse−µ

Nobs!
(14)

µ = Nsig + Nbg

Nsig = σLεB

where Nobs is the number of events surviving the analysis selection, Nsig and Nbg are the number of signal552

events and the expected SM background, L is the integrated luminosity, ε the signal efficiency and B the553

branching ratio of the channel under consideration. The combination of two different channels (electron554

and muon in our case) is performed by replacing the previous likelihood with the joint one that depends555

on the common systematics and the systematics specific of each channel. The marginalization over556

the uncertainties is performed using the program ComBAT [38] which carries out the multidimensional557





σpretag
tt̄ = 154+52

−47 pb

σtagged
tt̄ = 156+37

−29 pb



Conclusions

Summary of the current results

A measurement of the tt̄ cross-section in 7 TeV pp collisions in �+jets channel,
using the full 35 pb−1 of data collected by ATLAS, has been shown

The measurement doesn’t use any b-tagging information

The total uncertainty is ∼ 15% (mainly due to statistics and jet energy scale)

[ pb ]
  t t

σ

50 100 150 200 250 300 350

Counting - 43
+ 481  7± 11±154 

(l,jet) fit
max

η∆1D  24±  6± 21±168 

 fitη1D lepton  39±  7± 25±204 

Multivariate - 17
+ 201  6± 17±171 

-1
 L = 35 pb∫Data 2010, 

L+jets w/o b-tagging

Theory (approx. NNLO)

 = 172.5 GeVtm

(lumi)±(syst)±(stat)

ATLAS Preliminary

3 cross-check measurements using different methods show good agreement

Good agreement with the previous measurement (145± 31+42
−27 pb)

�+jets with b-tagging, di-lepton & all-hadronic channels are under approval
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σpretag
tt̄ = 154± 11+48

−43 ± 7 pb

σtagged
tt̄ = 156± 10+34

−28 ± 6 pb


