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The Top Quark at the LHC

• Why study the top quark?

• Precision test of the Standard Model (QCD) - Can also 
be used to constrain our simulation/generator models

• Many new physics models would predict enhancements 
in the top production rates

• The LHC era signals a new paradigm for top quarks

• From its discovery at the Tevatron, the top quark is now 
becoming a SM ‘candle’ for LHC physics

• It is also a sizable background to many new physics 
searches! Crucial that we understand this process!

Over 25 papers and over 50 preliminary notes 
produced on top physics at ATLAS!
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The Top Quark at 7 TeV - 2011 Run
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A wealth of top quark 
measurements were 

performed with the 2011 
dataset, many of which 
were finalized recently!

Will focus on the most 
recent results...

Almost 1 million top quark pair events produced 
in 2011 across all channels!
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Top Quark Pair Cross-Section
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stat. uncertainty
total uncertainty

(lumi)±(syst) ±(stat) ± ttm

Single lepton -10.70 fb   7 pb±  9 ±  4 ±179 

Dilepton -10.70 fb  pb-   7
+  8  -  11

+ 14  6  ±173 

All hadronic
-11.02 fb

  6 pb± 78 ± 18 ±167 

Combination   7 pb± -   7
+  8  3  ±177 

iµ XASingle lepton, b 
-14.66 fb

  3 pb± 17 ±  2 ±165 

 + jetshado -11.67 fb  46 pb± 18 ±194 

 + leptonhado -12.05 fb   7 pb± 20 ± 13 ±186 

All hadronic
-14.7 fb

  6 pb± -  57
+ 60 12  ±168 

Combination is driven by the 
high-precision channels with 
electrons and muons in the 

final state

Systematic uncertainties drive 
the precision of most 

measurements...
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Cross-section in the
𝛕had + jets channel
• First measurement in this channel at the LHC!

• Difficult final state to reconstruct,
with very large backgrounds!

t t̄
b b̄

W+ W−

q

q̄ τ−

ν̄τ

Event Selection
Trigger on 4 jets (pT > 10 GeV),

of which 2 are b-tagged at trigger level
 

5 jets with pT > 20 GeV and |η| < 2.5,
of which 2 are b-tagged

Veto reconstructed electrons/muons
𝛕had pT > 40 GeV

ETmiss / [0.5 sqrt(ΣET)] > 8
(ETmiss significance)

Methodology
Use a Template Fit:  Number of tracks associated with tau 

candidate is ideal (very well modeled)
Background templates are data-driven
Signal template taken from simulation

ATLAS-CONF-2012-032
arXiv:1211.7205

(Submitted to EPJC)

First use of a dedicated b-jet 
trigger in an ATLAS measurement!
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Cross-section in the
𝛕had + jets channel

Top pair events ‘only’ high statistics SM source
 of high pT 𝛕had     (pT > 40 GeV)

Possible future use for performance studies?

trackn
0 2 4 6 8 10 12 14 16 18

Ev
en

ts

0
20
40
60
80

100
120
140
160
180
200

Data 2011
Fit [All]
Fit [Tau/Electron]
Fit [Quark-jets]
Fit [Gluon-jets]

ATLAS

 = 7 TeVs  -1 L dt = 1.67 fb0

4

highest-pT jets that are not identified as b-jet candi-
dates are selected as τhad candidates. The template is
corrected using MC simulations for differences in the
transverse momentum distribution between the signal
region and the control sample, and for the expected con-
tribution to the control sample from tt̄ dilepton events
(tt̄ → µ+ τhad +X , tt̄ → µ+ e+X).

6 Results

An extended binned-likelihood fit is used to extract the
different contributions from the ntrack distribution. To
improve the fit stability, a soft constraint is applied
to the ratio of quark-jet events to tau/electron events,
which are dominated by the same process (tt̄ events).
The constraint, based on MC predictions, is a Gaussian
with a width of 19% of its central value. This width was
estimated based on studies of the associated systematic
uncertainties using the same methodology as described
in Sect. 7. The statistical uncertainties on the fit param-
eters are calculated using the shape of the fit likelihood.
The systematic uncertainties on the shapes of the tem-
plates are propagated using a pseudo-experiment ap-
proach, taking into account the bin-by-bin correlations.
This yields a final number of tau/electron events of 270
± 24 (stat.) ± 11 (syst.).
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Fig. 2 The ntrack distribution for τhad candidates after all
selection cuts. The black points correspond to data, while
the solid black line is the result of the fit. The red (dashed),
blue (dotted) and magenta (dash-dotted) histograms show
the fitted contributions from the tau/electron signal, and the
gluon-jet and quark-jet backgrounds, respectively.

The fit results are shown in Fig. 2. A comparison
between the fit results, and the expected event yields
from the MC predictions is presented in Table 1. The
numbers are in good agreement.

To extract the number of signal events, predictions
from simulation are used to subtract the backgrounds

Source Number of events

tau/electron

tt̄ (τhad) 170 ± 40
tt̄ (electrons) 47 ± 11
Single top 12 ± 2
W+jets 9 ± 5

Total expected 240 ± 50

Fit result 270 ± 24 (stat.) ± 11 (syst.)

quark-jet

tt̄ (jets) 540 ± 160
Single top 24 ± 4
W+jets 21 ± 12

Total expected 580 ± 160

Fit result 520 ± 97 (stat.) ± 78 (syst.)

gluon-jet

Fit result 960 ± 77 (stat.) ± 74 (syst.)

Table 1 Comparison of the numbers of events from MC ex-
pectations and from the results of the fit to the data for the
three templates. The uncertainties on the MC expectations
include the systematic uncertainties of the selection efficiency
described in Sect. 7. No MC predictions are available for the
gluon-jet contribution.

from W+jets and single-top events (9 ± 5 and 12 ± 2,
respectively) from the fitted number of tau/electron ev-
ents. The number is then scaled by the expected ratio,
Nτ/(Nτ +Ne), of τhad and electrons passing the selec-
tion in the tt̄ sample. This ratio is estimated from MC
simulation to be 0.78 ± 0.03 (stat.) ± 0.03 (syst.). This
yields a final number of observed signal events of Nτ =
194 ± 18 (stat.) ± 11 (syst.).

The cross section is obtained using σtt̄ = Nτ/(L · ε).
The efficiency (ε) is estimated from MC simulation to
be (6.0 ± 1.4) ×10−4. It includes the branching frac-
tions for the various tt̄ decays and the acceptance, and
assumes Br(tt̄ →τhad + jets) to be 0.098 ± 0.002 [1].
The efficiency is corrected for a 13% difference between
MC simulation and data in the trigger and b-tagging
efficiencies [26]. The method used for obtaining the un-
certainty on the cross section is detailed in Sect. 7.

The cross section is measured to be σtt̄ = 194 ±
18 (stat.) ± 46 (syst.) pb.

7 Systematic uncertainties

A summary of all systematic uncertainties on the cross
section is given in Table 2.

The uncertainty on the selection efficiency due to
the choice of the configuration for the MC simulation is
estimated by using alternative MC samples and reweight-
ing procedures. The difference in the efficiency obtained
from various configurations is taken as the uncertainty.

σ   = 194 ± 18 (stat.) ± 46 (sys.) 

ATLAS-CONF-2012-032
arXiv:1211.7205

(Accepted by EPJC)

Uncertainties are dominated by the 
generator modeling of the signal 

acceptance, and the b-tagging efficiencytt̄
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Cross-section in the lepton + jets 
channel with a semi-leptonic b-decay
• Uncertainty on the performance of ‘lifetime-based’ b-taggers is typically 

a driving systematic for top-pair cross-section measurements

• Using a different method for identifying b-jets gives a measurement 
driven by a separate set of systematics

Event Selection
‘Standard’ lepton + jets selection

except using:

ATLAS-CONF-2012-131

Soft Muon Tagger
Exploits the b → μX decay (20% B.R.)

Standard muon cuts and:
ΔR(μ, jet) < 0.5

|d0| < 3 mm
|z0 sin 𝜽| < 3 mm

pT > 4 GeV
ΔR(μW,μSMT) > 0.01

η < 2.5
Jet track multiplicity > 3,
or Jet EM Fraction < 0.8

𝛘2match < 3.2
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Cross-section in the lepton + jets 
channel with a semi-leptonic b-decay

ATLAS-CONF-2012-131
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Main contribution to systematics from background normalizations, 
generator uncertainties, jet energy scale and lepton identification

W+Jets and multijets are 
data-driven (charge 

asymmetry and matrix 
method, respectively)

Other backgrounds taken 
from simulation

Resulting uncertainty due to the tagging efficiency is only at the ~ 1-2% level!
The uncertainty due to the b branching ratio is however at the 3% level...

See ATLAS-CONF-2012-097
for an in-situ measurement of 
the b-tagging efficiency using 

top-pair eventstt̄
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Jet Multiplicity in Top Pair Events

• By measuring the cross-section as a function of the number of jets in 
an event, constraints can be placed on various ISR/FSR models, and 
generator configurations

ATLAS-CONF-2012-155

Event Selection
‘Standard’ lepton + jets selection

Strategy
Count the number of jets produced in the 

events for 4 different thresholds:
pT > 25, 40, 60, 80 GeV

To be able to perform precise comparisons 
to Monte Carlo, the distributions are then 

‘unfolded’ to truth ‘particle-level’

Compare data to 4 different models
ALPGEN+HERWIG

MC@NLO+HERWIG
ALPGEN+PYTHIA (with as variations)

POWHEG+PYTHIA
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Proper understanding of the agreement between the various models and the 
data can lead to reduced uncertainties in future top measurements!

After unfolding
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Differential Cross-Section Eur. Phys. J. C (2013) 73:2261

• Measuring the cross-section as a function of the properties of the top pair 
system is a stringent test on the Standard Model predictions

Event Selection
‘Standard’ lepton + jets selection

Strategy
Maximize a likelihood determinant based on 
the masses of the particles in the system, the 

probabilities for the given kinematics, and 
the b-tagging probability.  This allows for a 

full kinematic reconstruction of the top pair 
topology.

Use migration matrices to ‘unfold’ the 
results to truth ‘particle-level’
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Uncertainties are driven by systematics on jet 
kinematics and generator uncertainties

Cross-section is measured as a function of 
observables sensitive to QCD predictions: 

m, pT, y of    systemtt̄
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Search for Top Pair Resonances

• Many BSM models predict the existence of new
 particles that decay primarily to top quark pairs

• Perform a search for resonant production in mtt

• Due to the high mass regime being probed, need a dedicated selection 
to increase acceptance in scenarios where top decay products are 
boosted

Leptophobic Z’,
KK gluon, etc.

Event Selection
‘Standard’ lepton + jets selection

except:
Use a shrinking cone for isolation

(‘mini-isolation’) to increase acceptance in 
due to boosted products

ATLAS-CONF-2012-136

Resolved Boosted

Categorize events in ‘resolved’ and ‘boosted’ scenarios

Resolved Scenario
3 or 4 jets ‘narrow’ (anti-kT D = 0.4) jet

(if 3, one must have mass > 60 GeV)
Boosted Scenario

1 large jet (anti-kT D = 1.0, √[k12] > 40 GeV )
and 1 ‘narrow’ jet

Obtain mtt by solving for mass 
constraints and taking the ETmiss as 

the p(x,y) component of the neutrino 
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Search for Top Pair Resonances

As we probe higher-x regimes in the future, we will encounter more boosted 
final states which cannot be resolved ‘traditionally’

Developing such ‘boosted’ techniques is crucial for future searches!

ATLAS-CONF-2012-136
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Table 2: Selected data events and expected background yields after the resolved or boosted selection.

The statistical uncertainty on the observed number of events and the uncertainties on the normalization

of the expected background yield are listed.

Type Resolved selection Boosted selection

tt̄ 44 000 ± 4 700 950 ± 100

Single top 3 250 ± 250 49 ± 4

Multi-jets e+jets 2 500 ± 1 500 12 ± 7

Multi-jets µ+jet 1 010 ± 610 20 ± 12

W+jets 6 940 ± 730 82 ± 15

Z+jets 840 ± 410 11 ± 5

Di-bosons 124 ± 43 0.88 ± 0.30

Total 58 700 ± 5 300 1 120 ± 100

Data 61 954 1079

effect into account over the full mass spectrum. The most prominent bump found is at 2.0–3.0 TeV, in

the boosted e+jets spectrum (Figure 8(c)), with a significance of less than 1σ after accounting for the

systematic uncertainties.

Given that no significant excess is observed, upper limits are set on the cross sections times branching

ratio of the Z′ and KK gluon benchmark models using a Bayesian technique, implemented in a tool

developed by the D0 collaboration [68]. The Bayesian limits are in good agreement with results obtained

using the CLs method [69, 70]. For each of the models investigated, 95% credibility level (CL) upper

limits are set on the product of production cross section and tt̄ branching ratio.

The upper cross section limits with systematic and statistical uncertainties are given for the two

benchmark models for the resolved selection (Figs. 10(a) and 10(b)), the boosted selection (Figs. 10(c)

and 10(d)) and for the combined samples (Figs. 10(e) and 10(f)). The numerical values of the upper

cross section limits are given in Table 3 (Z′) and Table 4 (gKK). In the combination, the four independent

spectra are used, corresponding to boosted and resolved selections and e+jets and µ+jets decay channels.

Using the combined upper cross section limits, a leptophobic topcolor Z′ boson (Kaluza–Klein gluon)

with masses between 0.5 and 1.7 TeV (0.7 and 1.9 TeV) is excluded at 95% CL.

Table 3: Upper cross section limits times branching ratio on a leptophobic topcolor Z′ decaying to tt̄,

using the combination of all four samples. The observed and expected limits for each mass point are

given, as well as the ±1σ variation.

Mass (TeV) Obs. (pb) Exp. (pb) −1σ (pb) +1σ (pb)

0.50 6.37 7.08 3.97 10.82

0.60 7.73 4.37 2.50 6.54

0.70 3.21 2.46 1.51 3.78

0.80 1.32 1.36 0.89 2.17

1.00 0.43 0.50 0.31 0.77

1.30 0.13 0.16 0.09 0.23

1.60 0.07 0.09 0.05 0.13

2.00 0.05 0.05 0.03 0.09

14
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Systematics are driven by JES and    normalization

See also JHEP01(2013)116 for a measurement with 
a similar philosophy in the all hadronic channel

Boosted
Scenario

Combination

tt̄
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Measurement of the
Charge Asymmetry
• Top quark pair production has a small asymmetry under charge 

conjugation predicted by the SM

• BSM physics could lead to an enhancement in this effect

ATLAS-CONF-2012-057

Event Selection
2 opposite sign electrons/muons

with pT > 25/20 GeV
|mll - mZ| > 10 GeV (ee or μμ channel)

ETmiss> 60 GeV (ee or μμ channel)
Σ[pTl & ETj] > 130 GeV (eμ channel)

at least 2 jets with pT > 25 GeV and |η| < 2.5

Strategy
This particular analysis uses the dilepton channel
a) Can measure Att directly, but this requires a 

strategy to resolve the momentum of the 2 neutrinos
b) Can measure All instead which is still sensitive to 

the same effects

The tt̄-based charge asymmetry Att̄
C
is defined as:

Att̄C =
N(∆|y| > 0) − N(∆|y| < 0)
N(∆|y| > 0) + N(∆|y| < 0)

, (1)

where ∆|y| ≡ |yt| − |yt̄| represents the difference of the absolute values of top and antitop rapidities (|yt|
and |yt̄|) and N is the number of events with ∆|y| being positive or negative. The charge of the top or
antitop quark is determined by the charge of the lepton.

The lepton-based asymmetry A!!
C
is defined as:

A!!C =
N(∆|η| > 0) − N(∆|η| < 0)
N(∆|η| > 0) + N(∆|η| < 0)

, (2)

where ∆|η| = |ηl+ | − |ηl− | represents the difference of the absolute values of positively and negatively
charged lepton pseudorapidities1 and N is the number of events with ∆|η| being positive or negative. To
allow comparisons with theory calculations, in both cases, the asymmetries are measured after back-

ground subtraction and after correction for acceptance and detector effects.

2 Data and Monte Carlo samples

In this note, data from LHC proton-proton collisions collected by the ATLAS detector in 2011 are used.

A detailed description of the detector can be found in [19]. The dataset corresponds to an integrated

luminosity of 4.7 fb−1.

Simulated top pair events are generated using the next-to-leading order (NLO)MC@NLO v.4.01 [20]

Monte Carlo (MC) generator with the NLO parton density (PDF) set CT10 [21]. Parton showering and

underlying event are modeled using HERWIG [22] and JIMMY [23] with the AUET2-CT10 tuning [24].

This sample is generated assuming a top mass of 172.5 GeV and it is normalized to a cross-section

of 166.8 pb obtained from the HATHOR tool which approximates the next-to-next-to leading order

(NNLO) prediction [25]. Single top events are also generated using MC@NLO (AMC [26] for the

t-channel) while the production of W/Z bosons in association with jets is simulated using the ALPGEN

generator [27] interfaced to HERWIG and JIMMY. Diboson events (WW, WZ, ZZ) are produced using

HERWIG.

All Monte Carlo simulated samples are generated with multiple pp interactions (pile-up). These

simulated events are re-weighted so that the distribution of the number of interactions per crossing in

simulation matches that observed in the data. The samples are then processed through the GEANT4 [28]

simulation and the reconstruction software of the ATLAS detector [29].

3 Event selection

3.1 Object definition

The reconstruction of top quark pair events in the detector involves electrons, muons, jets and miss-

ing transverse momentum. Electron candidates are defined as energy deposits in the electromagnetic

calorimeter with an associated well-measured track [30]. All electron candidates are required to have

ET > 25 GeV and |ηcluster| < 2.47, where ηcluster is the pseudorapidity of the electromagnetic cluster

1In the right-handed ATLAS coordinate system, the pseudorapidity η is defined as η = − ln[tan(θ/2)], where the polar
angle θ is measured with respect to the LHC beamline. The azimuthal angle φ is measured with respect to the x-axis, which

points towards the center of the LHC ring. The z-axis is parallel to the anti-clockwise beam viewed from above. Transverse

momentum and energy are defined as pT = p sin θ and ET = E sin θ, respectively.

2

The tt̄-based charge asymmetry Att̄
C
is defined as:

Att̄C =
N(∆|y| > 0) − N(∆|y| < 0)
N(∆|y| > 0) + N(∆|y| < 0)

, (1)

where ∆|y| ≡ |yt| − |yt̄| represents the difference of the absolute values of top and antitop rapidities (|yt|
and |yt̄|) and N is the number of events with ∆|y| being positive or negative. The charge of the top or
antitop quark is determined by the charge of the lepton.

The lepton-based asymmetry A!!
C
is defined as:

A!!C =
N(∆|η| > 0) − N(∆|η| < 0)
N(∆|η| > 0) + N(∆|η| < 0)

, (2)

where ∆|η| = |ηl+ | − |ηl− | represents the difference of the absolute values of positively and negatively
charged lepton pseudorapidities1 and N is the number of events with ∆|η| being positive or negative. To
allow comparisons with theory calculations, in both cases, the asymmetries are measured after back-

ground subtraction and after correction for acceptance and detector effects.

2 Data and Monte Carlo samples

In this note, data from LHC proton-proton collisions collected by the ATLAS detector in 2011 are used.

A detailed description of the detector can be found in [19]. The dataset corresponds to an integrated

luminosity of 4.7 fb−1.

Simulated top pair events are generated using the next-to-leading order (NLO)MC@NLO v.4.01 [20]

Monte Carlo (MC) generator with the NLO parton density (PDF) set CT10 [21]. Parton showering and

underlying event are modeled using HERWIG [22] and JIMMY [23] with the AUET2-CT10 tuning [24].

This sample is generated assuming a top mass of 172.5 GeV and it is normalized to a cross-section

of 166.8 pb obtained from the HATHOR tool which approximates the next-to-next-to leading order

(NNLO) prediction [25]. Single top events are also generated using MC@NLO (AMC [26] for the

t-channel) while the production of W/Z bosons in association with jets is simulated using the ALPGEN

generator [27] interfaced to HERWIG and JIMMY. Diboson events (WW, WZ, ZZ) are produced using

HERWIG.

All Monte Carlo simulated samples are generated with multiple pp interactions (pile-up). These

simulated events are re-weighted so that the distribution of the number of interactions per crossing in

simulation matches that observed in the data. The samples are then processed through the GEANT4 [28]

simulation and the reconstruction software of the ATLAS detector [29].

3 Event selection

3.1 Object definition

The reconstruction of top quark pair events in the detector involves electrons, muons, jets and miss-

ing transverse momentum. Electron candidates are defined as energy deposits in the electromagnetic

calorimeter with an associated well-measured track [30]. All electron candidates are required to have

ET > 25 GeV and |ηcluster| < 2.47, where ηcluster is the pseudorapidity of the electromagnetic cluster

1In the right-handed ATLAS coordinate system, the pseudorapidity η is defined as η = − ln[tan(θ/2)], where the polar
angle θ is measured with respect to the LHC beamline. The azimuthal angle φ is measured with respect to the x-axis, which

points towards the center of the LHC ring. The z-axis is parallel to the anti-clockwise beam viewed from above. Transverse

momentum and energy are defined as pT = p sin θ and ET = E sin θ, respectively.

2

How to resolve the ttbar kinematics?
‘Matrix-element’ method is used

Assuming the kinematics are the same as in 
the tree-level process, various solutions are 

found for the unconstrained kinematics
Each solution is weighted to give a final value 

the chosen observable
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Figure 3: Jet multiplicity distributions after the selection in the ee (left), eµ (middle) and µµ (right)

channels where the points are the data and the solid lines the Monte Carlo simulation estimates. The

multijets and W+jets background (fake leptons) is obtained using data-driven methods, as explained

in Section 4. The shaded area represents the systematic uncertainties on the signal and background

normalization.

four-momentum of these different objects according to their widths or resolutions. For jets, the trans-

fer functions between the b-quark energy and the measured jet energy are used as priors. The tt̄ pair

transverse momentum distributions in Monte Carlo simulated events are evaluated separately for events

with exactly two or at least three jets, and then used as priors. When a solution is found at a sampling

point a weight is computed that takes into account the gg → tt̄ matrix elementM(y), the parton density
functions fPDF and the transfer functions W(x, y). This weight is defined as:

(2π)4

ε1ε2s
dε1dε2 fPDF(ε1) fPDF(ε2)|M(y)|2W(x, y)dΦn (5)

where y are the assumed partonic quantities, x are the reconstructed ones, ε the gluon momentum fraction

in the protons and dΦn the phase space element.

Using this method, many solutions are found for each event. For each event, the two or three leading

jets of the event, and all the possible lepton-jet permutations (Nperm) are considered. The phase space is

covered by sampling between 10 000 and 100 000 points (Nsampl) for every permutation. This sampling

is performed by the computing program VEGAS [35] that is used for numerical integration. At a given

sampling point j, the kinematic equations are solved and the number of solutions Nsolj is calculated. A

weight wi j is computed for each of the solutions using Eq. 5. For a given observable, for instance the

rapidity of the top/antitop yt,t̄ and a given permutation k, the final observable is taken to be the weighted

average of the computed variable yki j for every solution:

yk =

∑Nsampl

j=1

∑Nsolj
i=1
(wki jy

k
i j)

∑Nsampl

j=1

∑Nsolj
i=1
wk
i j

. (6)

All permutations are kept, weighted by their respective weights in the event. Using MC@NLO

generated events, where b-quarks are matched with reconstructed jets within a cone with radius R = 0.5,

the permutation with the highest weight matches the true combination in 47% of the cases (while a

random choice would lead to 30% of true combinations), while in 18% of the cases the matching is not

possible (because the b-quarks do not match the reconstructed jets or because they are not in the three

7
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Measurement of the
Charge Asymmetry

ATLAS-CONF-2012-057
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All = 0.023 ± 0.012 (stat.) ± 0.008 (sys.)
SM:  All = 0.004 ± 0.001 

A   = 0.057 ± 0.024 (stat.) ± 0.015 (sys.)
SM:  A   = 0.006 ± 0.002 

Measurements are statistics limited,
but this will be improved with 2012 data

A   = 0.029 ± 0.018 (stat.) ± 0.014 (sys.)

ATLAS Combination with 
lepton + jets channel:

see Eur. Phys. J. C (2012) 72:2039
for leptons+jets channel

tt̄

tt̄

tt̄
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Single Top Cross-Section

Production of single top occurs 
in 3 channels

ATLAS has:
Observation in t-channel
Evidence in Wt-channel

Upper Limits in s-channel

CM energy [TeV]
5 6 7 8 9 10 11 12 13 14

 [p
b]

m

1

10

210
t-channel

Wt-channel

s-channel

Theory (approx. NNLO)
stat. uncertainty

t-channel, arXiv:1205.3130
Wt-channel, arXiv:1205.5764
s-channel, ATLAS-CONF-2011-118
95% CL limit

ATLAS Preliminary
-1 = (0.70 - 2.05) fbL dt 0
Single top production
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Single-Top Cross-Section Ratio

• Two processes contribute to the t-channel 
single-top cross-section: top and anti-top 
production (u or d quark in the initial state)

• Measuring their relative cross-section ratio 
leads to direct experimental constraints on 
PDFs! (Regime is ~ 0.02 < x < 0.5)

Rt

ATLAS-CONF-2012-056

Naively Rt ~ 2
Event Selection

2 or 3 jets with pT > 25 GeV and |η| < 4.5
(> 50 GeV if in the endcap), 1 b-tag
exactly 1 isolated electron or muon

with pT > 25 GeV and |η| < 2.5
ETmiss > 30 GeV
mT > 30 GeV

Strategy
Use a Neural Network discriminant trained 
with the 15 to 19 most-sensitive variables

Use simulated templates to fit the 
contributions from signal and background, 
using constraints based on their expected 

normalizations
(j)|d|

0 1 2 3 4 5
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t f
ra

ct
io

n

0

0.05

0.1
t-channel (top)

ttbar, Wt

W+heavy flavour

 2 jets tagged+l
 = 7 TeVs Preliminary                    ATLAS

example
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Single-Top Cross-Section Ratio ATLAS-CONF-2012-056

tR
1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2

CT10
CT10 (+ D0 W asym.)
GJR08
MSTW2008
NNPDF 2.1
ABKM09

 resultATLAS

CT10
CT10 (+ D0 W asym.)
GJR08
MSTW2008
NNPDF 2.1
ABKM09

=7 TeVs  -1 dt = 4.7 fbL 0 Preliminary     ATLAS

σt-channel = 82.7 ± 2.3 (stat.) ± 17.9 (sys.)
Constraints are ‘soft’ at the moment, but with more statistics and a better 
understanding of the systematics, can strongly constrain existing PDF sets!

NN output
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3000  2 jets tagged+l
=7 TeVs  -1 dt = 4.7 fbL 0 Preliminary  ATLAS

data
t-channel (top)
s-channel (top)
ttbar, Wt
W+heavy flavour
W+light jets
Z+jets, diboson
multijet

σt-channel (  ) = 53.2 ± 1.7 (stat.) ± 10.6 (sys.)

σt-channel (  ) = 29.5 ± 1.5 (stat.) ± 7.3 (sys.)
Systematic uncertainties 

dominated by the JES, b-tagging 
efficiency and    normalization

t̄

t

tt̄
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The Top Quark at 8 TeV - 2012 Run

 [TeV]s
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ATLAS Preliminary

NLO QCD (pp)
Approx. NNLO (pp) 

)pNLO QCD (p

) pApprox. NNLO (p

CDF

D0

 32 pb±Single Lepton (8 TeV) 241 
 12 pb±Single Lepton (7 TeV) 179 

 pb
-14
+17Dilepton 173  

 81 pb±All-hadronic  167 
 pb-10

+11Combined  177  

7 8

150

200

250

The 2012 dataset is still 
been studied and many 
more results will soon be 

forthcoming!

Over 5 million top quark pair events produced in 
2012 across all channels!

A quick look at the first 
available measurements!
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Cross-section in the
lepton + jets channel
• Same method as for the last public 7 TeV results...

• Template fit, using a likelihood discriminant based on the product of the 
PDF for 2 variables, taken from simulations of the signal (tt) and 
background (W+jets)

ATLAS-CONF-2012-149

Event Selection
Use single lepton triggers

At least 3 jets, pT > 25 GeV and |η| < 2.5
pT (e, μ) > 40 GeV (pile-up robustness)

e-channel:
ETmiss > 30 GeV and mT > 30 GeV

mu-channel:
ETmiss > 20 GeV and (ETmiss + mT) > 60 GeV

Likelihood uses
Event aplanarity A’
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Single-Top Cross-Section

• Signal extracted using the same method as for the cross-
section ratio

NN output
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data
-channelt

-channel,Wt,stt
+heavy flavourW
+light jetsW

+jets, dibosonZ
QCD multijet
QCD + MC stat unc.

σsingle-t = 82.7 ± 2.3 (stat.) ± 17.9 (sys.)

ATLAS-CONF-2012-132

Event Selection
Cuts tightened to deal with pile-up: 

jet pT > 30 GeV (was 25)
mT > 50 GeV (was 30)

Systematic uncertainties 
dominated by the JES, b-tagging 
efficiency and    normalization

Table 2: Predicted and observed event yield for the control and signal regions with 2 and 3 jets. For

all processes the cross section predicted by the SM is used. The multijet estimation and its uncertainty

is derived from the jet-electron model. All other expectations and their uncertainties are derived using

theoretical cross-sections. Additional scale factors to match the heavy flavour jets content in collision

data are not applied.

Control region Signal region
2 jets 3 jets 2 jets 3 jets

t-channel 2500 ± 100 951 ± 38 5210 ± 210 1959 ± 78
s-channel 123 ± 5 38 ± 2 343 ± 14 100 ± 4
Wt 1000 ± 70 840 ± 60 1570 ± 110 1363 ± 95
tt̄ 5710 ± 570 7790 ± 780 11700 ± 1200 15300 ± 1500
W+light flavour 21300 ± 6400 6700 ± 2000 5500 ± 1700 1160 ± 350
W+heavy flavour 41000 ± 20000 12500 ± 6200 12000 ± 6000 3900 ± 2000
Z+jets, diboson 3800 ± 2300 1640 ± 990 1200 ± 720 410 ± 240
QCD multijet 5400 ± 2700 3200 ± 1600 3000 ± 1500 1650 ± 830

Total Expectation 81000 ± 22000 33600 ± 6900 41600 ± 6600 25800 ± 2700

Data 73668 29177 40663 23687

• the absolute value of η of the light (untagged) jet |η ( j) |;

• the transverse mass of the W-boson reconstructed from the charged lepton and missing transverse

momentum mT ("ν);

• the pseudorapidity of the W-boson reconstructed from the charged lepton and missing transverse

momentum η ("ν);

• the invariant mass of the lepton (") and the b-tagged jet m ("b);

• the scalar sum of the transverse momenta of the jets, the lepton and the missing transverse mo-

mentum HT(", jets, Emiss
T

);

• the ∆R of the untagged ( j) jet and the W-boson reconstructed from the charged lepton and missing

transverse momentum |∆R ( j, "ν) |;

• the absolute value of η of the tagged jet (b) in the event |η (b) |;

• the pseudorapidity of the top-quark, which is reconstructed from the charged lepton, b-quark jet

and missing transverse momentum η ("νb).

• the invariant mass of the four-vector of the b-tagged jet m (b);

Figure 5 compares the shapes of the four most important variables between the signal and different

background contributions for the two-jet sample. The 11 variables for the three-jet sample, ordered by

their discriminating power, are:

• the invariant mass of the two leading jets m ( j1 j2);

• the scalar sum of the transverse momenta of the jets, the lepton and the missing transverse mo-

mentum HT(", jets, Emiss
T

);
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Conclusions / Outlook

• Only a quick overview of the recent top results from ATLAS!

• The various properties of the top quark are measured with 
increasing precision, providing a stringent test of the Standard 
Model

• But also, various methods have been developed (and are still 
being developed!), forging the path for future analyses

• Many more results are available!  Please visit:

http://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults

• Approximately 20 fb-1 of data collected in 2012, being analyzed 
at the moment - Expect more exciting results soon!

Thanks for your time!
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