
The impact of ttbar cross-section 
measurement with the first LHC 
data

Akira Shibata 
New York University

@ Berkeley Early-Data Workshop
May, 2009



akira.shibata@nyu.eduBerkeley Workshop - May 08, 2009

Impact of Top Quark ?
The top quark, when it was finally 
discovered at Fermilab in 1995, completed 
the three generation structure of the 
Standard Model (SM) and opened up the 
new field of  top quark physics. Viewed as 
just another SM quark, the top quark 
appears to be a rather uninteresting 
species. Produced predominantly, in 
hadron-hadron collisions, through strong 
interactions, it decays rapidly without 
forming hadrons, and almost exclusively 
through the single mode t→Wb. The 
relevant CKM coupling Vtb is already 
determined by the (three-generation) 
unitarity of the CKM matrix. Rare decays 
and CP violation are unmeasurably small 
in the SM. M.Beneke, I. Efthymiopoulos, M.L.Mangano, J.Womersley 

What’s in between?

Exciting!
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Can Top change our perspective?
• Why is top so heavy (10 water molecules)? Any 

special role in EW symmetry breaking?

• Does it play even more fundamental role than 
Higgs mechanism + Yukawa coupling?

• If there is new physics signal lighter than top, 
does the top quark decay into them?

• Could non-SM physics first manifest itself in non-
standard couplings of the top quark?

• Top quark can be measured at significant 
precision at the LHC to answer these questions.

• Top quark has been an extremely productive 
ground for speculation and searches at Tevatron.
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New Physics via Top Decay

Dhiman Chakraborty The Top Quark

The fi nal state signature of tt events

• In the SM, each top quark decays into a W
boson and a b quark.

• The final state of a tt̄ system is primarily clas-
sified by the decaymodes of the twoW bosons:

9 Oct 2006 13

• Various decay modes make top 
physics interesting and useful

• The top interfere with a number of 
new physics signatures.

• Typical search modes:

• Lepton + jets (e/mu)

• Dileptonic
• All hadronic

• Tau channels

• E.g. If mW<mH+<mt and tanβ>>1, top 
can decay into charged higgs, 
enhancing the τ lepton rate. 
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Name Signature BR xsec at 10 TeV

Fully Hadronic jets 45.7% 191.5 pb
Lepton + Jets e + jets 17.2% 71.9 pb

µ + jets 17.2% 71.9 pb
Dilepton eµ + jets 3.18% 13.3 pb

µµ + jets 1.59% 6.67 pb
ee + jets 1.59% 6.67 pb

Tau + Jets τ + jets 9.49% 39.8 pb
Lepton + Tau τ + e/µ + jets 3.54% 14.8 pb
Tau + Tau τ + τ + jets 0.49% 2.06 pb

total all 100% 419 pb

• Diboson (ME: MC@NLO, PS: Herwig + Jimmy)

The MC samples were generated with 5 TeV against 5 TeV beam energy. CTEQ 6 PDF set
was used and the top mass was set to be 172.5 GeV. Alpgen MLM matching threshold was set to
20 GeV and ∆R 0.4 (need to check.) Number of events analyzed for each sample is summarized
in the Appendix. The stacked histograms are normalized to 100 pb−1.
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Figure 1: Isolation ET (cone 0.2) of muons and electrons in tt̄ events matched to three types of
truth objects as described in the text.

Following the definition in the egamma group, leptons are classified into three types according
to their true origin3):

1. Isolated: This includes leptons from the decay of W , Z and leptonic τ decay, which are not
accompanied by hadronic objects. Those originate from W , Z typically have high pT of
the order of tens of GeV. These are the “signal” leptons that we aim to select while keeping
the contributions from the following two types that are referred to as “fake” leptons.

3)This follows from the definition implemented in egammaMCTruthClassifier tool, which was used to classify
true leptons in this study. Use of this tool for muons is still experimental but Isolated and Non-Isolated components
are consistent with electrons.
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Search for Charged Higgs

12
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FIG. 10: Observed (blue) and expected (red) limit with one standard deviation band (yellow) on Br(t → H+b) as a function
of charged Higgs mass for simultaneous fit of Br(t → H+b) and σtt̄ in the tauonic model.
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FIG. 11: Observed (blue) and expected (red) limit with one standard deviation band (yellow) on charged Higgs mass as a
function of tan β.

Research Council and WestGrid Project (Canada), BMBF (Germany), A.P. Sloan Foundation, Civilian Research
and Development Foundation, Research Corporation, Texas Advanced Research Program, and the Alexander von
Humboldt Foundation.

[1] Comput. Phys. Commun. 156, 283 (2004).

DØ Note 5715-CONF

5

mailto:akira.shibata@nyu.edu
mailto:akira.shibata@nyu.edu


akira.shibata@nyu.eduBerkeley Workshop - May 08, 2009

Search for Charged Higgs
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Good tau/jet calibration and background control is essential for this search. 
Not a “Day-1 physics”

5

mailto:akira.shibata@nyu.edu
mailto:akira.shibata@nyu.edu


akira.shibata@nyu.eduBerkeley Workshop - May 08, 2009

4

 [GeV]
tt

M
0 200 400 600 800 1000 1200

F
ra

c
ti

o
n

/2
5

G
e

V

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

DØ Preliminary

(a) tSM t

=450GeV
X

 Mtt!X

=650GeV
X

 Mtt!X

=1000GeV
X

 Mtt!X

 [GeV]
tt

M
0 200 400 600 800 1000 1200

F
ra

c
ti

o
n

/2
5

G
e

V

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

DØ Preliminary

(b) tSM t

=450GeV
X

 Mtt!X

=650GeV
X

 Mtt!X

=1000GeV
X

 Mtt!X

FIG. 1: Shape comparison of expected tt invariant mass distribution for Run IIa data set for standard model top pair production
(histogram) compared to resonant production from narrow-width resonances of mass MX = 450, 650 GeV, and MX = 1TeV,
for (a) 3 jet events and (b) ≥ 4 jet events.

VI. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties can be classified as those affecting only normalization and those affecting the shape
of any of the signal or background invariant mass distribution. The systematic uncertainties affecting only the
normalization include the theoretical uncertainty on the SM prediction for σtt, the uncertainty on the integrated
luminosity (6.1%) [29] and the uncertainty of lepton identification efficiencies.

The systematic uncertainties affecting the shape of the invariant mass distribution as well as the normalization have
been determined for both signal and background samples. These include uncertainties on the jet energy calibration,
the jet reconstruction efficiency and b-tagging parametrizations for b, c and light quark jets. The central tt cross-
section of 7.48 pb, appropriate for mt = 172.4GeV, is taken with an uncertainty of +0.56

−0.72 pb [30] to obtain the
systematic uncertainty on the tt background normalization. This includes the cross section variation due to a top
mass uncertainty of ±1.2GeV [31]. The kinematic changes due to top mass uncertainty are evaluated by replacing the
default SM background simulation with simulation done at top quark masses of 170 and 180GeV (170 and 175 GeV)
for RunIIa (RunIIb) and taking half this variation to obtain the 1σ errors for each of the two samples, corresponding
getting to a top mass uncertainty of 2.5GeV (1.25GeV) for RunIIa (RunIIb). Also the uncertainties of tuning the
parameterization of the b-fragmentation function, the determination of the heavy flavor fraction in W+jets, and the
uncertainties of the efficiencies used in the Matrix Method were propagated to the limit setting.

Tables III and IV give a summary of the relative systematic uncertainties on the total SM background normalization
for the combined "+jets channels in Run II. The effect of the different systematic uncertainties on the shape of the tt
invariant mass distribution can not be inferred from this table.

VII. RESULT

After all selection cuts 1293 events remain in the e+jets channel and 1052 events in the µ+jets channel. The sums of
all standard model and multijet instrumental backgrounds are 1329±36 and 1053±32 events, respectively. The event

3 jets ≥ 4 jets
tt̄ 624 721
Single top 47 13
Diboson 32 8
W+jets 592 129
Z+jets 85 26
Multijet 84 22
Total background 1464 919
Data 1411 934

TABLE I: Event yields from data and for the SM expectation.

Resonance Search

• Calculate the invariant mass for tt pairs ⇒ 

look for a bump!

• Now the dominant background is Standard 

Model tt!

• New challenges for large masses (> 1 TeV)

• highly boosted top quarks

• overlapping decay products

• reconstruct “top quark jets”

• Mass limits depend on the theoretical model

• Systematic errors similar to those for tt 

cross-section
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pp→ X → t t̄

pp→ b′ b̄′ →W−t W+t̄

pp→ g̃ g̃ → g̃t g̃t̄

2

pp→ X → t t̄

pp→ b′ b̄′ →W−t W+t̄

pp→ g̃ g̃ → g̃t g̃t̄

2

Topcolor Z’ excluded < 800 GeV. 
Kaluza-Klein gluon excluded < 1TeVIf new physics is leptophobic, 

they may couple strongly to 
top. Otherwise, dimuon is a 

clearer signature.
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FIG. 1: Shape comparison of expected tt invariant mass distribution for Run IIa data set for standard model top pair production
(histogram) compared to resonant production from narrow-width resonances of mass MX = 450, 650 GeV, and MX = 1TeV,
for (a) 3 jet events and (b) ≥ 4 jet events.

VI. SYSTEMATIC UNCERTAINTIES

The systematic uncertainties can be classified as those affecting only normalization and those affecting the shape
of any of the signal or background invariant mass distribution. The systematic uncertainties affecting only the
normalization include the theoretical uncertainty on the SM prediction for σtt, the uncertainty on the integrated
luminosity (6.1%) [29] and the uncertainty of lepton identification efficiencies.

The systematic uncertainties affecting the shape of the invariant mass distribution as well as the normalization have
been determined for both signal and background samples. These include uncertainties on the jet energy calibration,
the jet reconstruction efficiency and b-tagging parametrizations for b, c and light quark jets. The central tt cross-
section of 7.48 pb, appropriate for mt = 172.4GeV, is taken with an uncertainty of +0.56

−0.72 pb [30] to obtain the
systematic uncertainty on the tt background normalization. This includes the cross section variation due to a top
mass uncertainty of ±1.2GeV [31]. The kinematic changes due to top mass uncertainty are evaluated by replacing the
default SM background simulation with simulation done at top quark masses of 170 and 180GeV (170 and 175 GeV)
for RunIIa (RunIIb) and taking half this variation to obtain the 1σ errors for each of the two samples, corresponding
getting to a top mass uncertainty of 2.5GeV (1.25GeV) for RunIIa (RunIIb). Also the uncertainties of tuning the
parameterization of the b-fragmentation function, the determination of the heavy flavor fraction in W+jets, and the
uncertainties of the efficiencies used in the Matrix Method were propagated to the limit setting.

Tables III and IV give a summary of the relative systematic uncertainties on the total SM background normalization
for the combined "+jets channels in Run II. The effect of the different systematic uncertainties on the shape of the tt
invariant mass distribution can not be inferred from this table.

VII. RESULT

After all selection cuts 1293 events remain in the e+jets channel and 1052 events in the µ+jets channel. The sums of
all standard model and multijet instrumental backgrounds are 1329±36 and 1053±32 events, respectively. The event

3 jets ≥ 4 jets
tt̄ 624 721
Single top 47 13
Diboson 32 8
W+jets 592 129
Z+jets 85 26
Multijet 84 22
Total background 1464 919
Data 1411 934

TABLE I: Event yields from data and for the SM expectation.
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Model tt!

• New challenges for large masses (> 1 TeV)
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• reconstruct “top quark jets”

• Mass limits depend on the theoretical model

• Systematic errors similar to those for tt 
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Topcolor Z’ excluded < 800 GeV. 
Kaluza-Klein gluon excluded < 1TeVIf new physics is leptophobic, 
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top. Otherwise, dimuon is a 
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Good control of SM top and jet 
resolution & jet substructure. 
Not a “Day-1 physics”
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State of the Art at 
Tevatron

8% precision
all combined

(summer 2008)

Cross-Section Measurement
• Semileptonic channel

• High branching ratio (~36/81)
• Event over-constrained
• Manageable background

• Dileptonic channel
• Low background
• Low branching ratio (~9/81)
• Event under-constrained

• Fully hadronic channel
• Event fully constrained
• Huge QCD and comb. background

• Lepton + Track
• Highly inclusive
• Different systematics for track 

performance.
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Figure 1: Scale variation of NNLO calculation vs NLO calculation at
√

s = 1.96 (left) and
√

s = 14
TeV (right) [10].
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Figure 2: The approx. NNLO theoretical prediction and the measured cross-section at Tevatron
(left) [9] and NLO prediction of cross-section as a function of

√
s as predicted by [11].

leading contribution at the Tevatron. The difference from CTEQ and MRST predictions at the
Tevatron energy is within the uncertainty estimated by the error PDF set.

For the first LHC data, the beam energy is likely to be 5+5 TeV instead of 7+7. This reduces
the cross-section by 55%, giving

σapproxNNLO
tt̄

= 419−1.2%
−4.3% (scales) +4.5%

−4.5% (PDFs) pb. (6)

Using the SM branching ratio of 0.108 for the leptonic decay of W , electron + jets and
muon + jets decay branching ratio is 29.2% combined. The branching ratio for di-electron,
di-muon and electron+muon dilepton decay modes combined is 4.6%. At 100 pb−1 of integrated
luminosity, we will expect roughly 12 k single lepton events and 2 k dilepton events in electron
and muon channels. The bright side of lower start-up beam energy is that we will be able to
measure top cross-section with yet another beam energy in addition to Run I and Run II at
the Tevatron as shown in Fig. 2(left) . As seen in Fig. 2(right), the top cross-section is a
strong function of

√
s. The additional measurement will lead to new insight into the production

mechanism of tt̄.
While the theoretical calculation for inclusive cross-section is available in a number of flavors,

the availability of Monte Carlo event generator is somewhat limited. The current implementa-
tions of MC programs are MC@NLO (and others) at NLO precision, Pythia (and others) at LO
plus LL and Alpgen (and others) at LO plus LL at higher multiplicity. While the shape of the
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√

s = 14 TeV.

For phenomenological applications, the results
of Eqs. (1), (2) are best presented by means of
simple formulae for the mass dependence of the
total cross section. To that end we make the
ansatz following Ref. [14]

σ(mt) = a + bx + cx2 + dx3 + ex4 , (3)

where x = (mt/GeV − 171). The parameters
a, b, c, d, e are fitted to reproduce σ in the mass
range 150 GeV ≤ mt ≤ 190 GeV with a typ-
ical accuracy of better than 0.1 per mille. For
Tevatron and LHC the respective results for var-
ious PDF sets are given in Tabs. 1–3. Note, that
Eq.(3) uses a polynomial of degree four and also
determines the parameter a for the central value
σ(mt = 171 GeV) from the fit.

Finally, we briefly quote some NNLO (approx)
rates for the pair-production of new heavy quarks
in the fundamental representation of the color
SU(3) gauge group at LHC with

√
s = 14 TeV

(see also Ref. [14]). Such particles with a mass
mT appear in certain extensions of the Standard
Model and we focus on a production model which
is entirely dominated by QCD effects. Thus, our
cross section σNNLO (approx) provides a mean-

ingful and accurate prediction because its numer-
ical values arises largely from the threshold region
where the logarithms lnk β dominate.

In Tabs. 4, 5 we quote the corresponding num-
bers in the mass range 0.5 TeV ≤ mT ≤ 2 TeV
(see Ref. [14] for results to NLO accuracy). We
observe that the scale dependence at NNLO ac-

curacy is rather small, showing the expected good
stability of the perturbative prediction. The rel-
ative variation of σ with respect to the PDFs,
though, is dominating by far. Note there is
the usual factor of two between the PDF un-
certainty quoted by MRST06nnlo [16] and the
CTEQ6.5 [17] PDF sets due to the definition of
the tolerance criteria in the respective fits. The
reason for the large observed PDF uncertainty
is the gluon PDF being poorly constrained in
the relevant region of large momentum fraction
x $ 0.1 . . .0.3. This is a fact well-known to in-
fluence many searches for high-mass particles in
gluon fusion channels (see e.g. Ref. [15] for the
correlation of top-quark pair production rate with
the high mass Higgs cross section).

3. Conclusion

We have presented updated predictions for
cross sections of top-quark pair production based
on the (approximate) NNLO results of Ref. [10].
These represent the best present estimates for
hadro-production of top-quark pairs, both at
Tevatron and LHC. We have argued that the
neglected contributions (i.e. power suppressed
terms away from threshold and new parton chan-
nels) are numerically small. We have found good
convergence properties of the higher order correc-
tions and greatly improved stability of the total
cross section with respect to scale variations by
our NNLO (approx) result. For applications, we
have presented simple formulae (3) with 0.1 per
mille accuracy for the mass dependence of the to-
tal cross section in the range 150 GeV ≤ mt ≤
190 GeV. Finally, we have applied our results to
estimate the pair-production rates of new quarks
heavier than the top-quark in the range up to
2 TeV.

The results of Tabs. 1–3 for the fit of the
mass dependence of σ have also been coded in
a C-program, which is available from the authors
upon request.
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leading contribution at the Tevatron. The difference from CTEQ and MRST predictions at the
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For the first LHC data, the beam energy is likely to be 5+5 TeV instead of 7+7. This reduces
the cross-section by 55%, giving
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Using the SM branching ratio of 0.108 for the leptonic decay of W , electron + jets and
muon + jets decay branching ratio is 29.2% combined. The branching ratio for di-electron,
di-muon and electron+muon dilepton decay modes combined is 4.6%. At 100 pb−1 of integrated
luminosity, we will expect roughly 12 k single lepton events and 2 k dilepton events in electron
and muon channels. The bright side of lower start-up beam energy is that we will be able to
measure top cross-section with yet another beam energy in addition to Run I and Run II at
the Tevatron as shown in Fig. 2(left) . As seen in Fig. 2(right), the top cross-section is a
strong function of

√
s. The additional measurement will lead to new insight into the production

mechanism of tt̄.
While the theoretical calculation for inclusive cross-section is available in a number of flavors,

the availability of Monte Carlo event generator is somewhat limited. The current implementa-
tions of MC programs are MC@NLO (and others) at NLO precision, Pythia (and others) at LO
plus LL and Alpgen (and others) at LO plus LL at higher multiplicity. While the shape of the
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x $ 0.1 . . .0.3. This is a fact well-known to in-
fluence many searches for high-mass particles in
gluon fusion channels (see e.g. Ref. [15] for the
correlation of top-quark pair production rate with
the high mass Higgs cross section).
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Tevatron and LHC. We have argued that the
neglected contributions (i.e. power suppressed
terms away from threshold and new parton chan-
nels) are numerically small. We have found good
convergence properties of the higher order correc-
tions and greatly improved stability of the total
cross section with respect to scale variations by
our NNLO (approx) result. For applications, we
have presented simple formulae (3) with 0.1 per
mille accuracy for the mass dependence of the to-
tal cross section in the range 150 GeV ≤ mt ≤
190 GeV. Finally, we have applied our results to
estimate the pair-production rates of new quarks
heavier than the top-quark in the range up to
2 TeV.

The results of Tabs. 1–3 for the fit of the
mass dependence of σ have also been coded in
a C-program, which is available from the authors
upon request.

Acknowledgments

S.M. is supported by the Helmholtz Gemein-
schaft under contract VH-NG-105 and and P.U.
is a Heisenberg fellow of Deutsche Forschungsge-

Approx NNLO calculation (14 TeV)
~6% uncertainty (PDF + scale)And LHC?

8

mailto:akira.shibata@nyu.edu
mailto:akira.shibata@nyu.edu


akira.shibata@nyu.eduBerkeley Workshop - May 08, 2009

Strategy with the First Data
Do the simplest thing we can do, count the number of events

N = L σtT BR ϵtrigϵlep A + B
pray for a large number

but expect large uncertainty
may not be available quickly

well known in SM

to be estimated 
from data

sensitive to 
theoretical 
uncertainty

part data driven, 
part MC driven

Realistically, e and mu single lepton and dilepton channels only. Taus, 
too difficult to calibrate. Fully hadronic too difficult to trigger.

Methods based on likelihood fit also studied. Different or superior 
systematic uncertainties. Will show (14 TeV) studies from “Expected 

Performance of the ATLAS Experiment, 
Detector, Trigger and Physics.” (a.k.a. CERN-

OPEN-2008-20, “CSC”)
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Obstacles with First Data
Numerous uncertainties that 
affect measurements with the 
early data: 
• Trigger efficiency
• Non-uniform detector
• Lepton identification
• Missing Et calibration and tails
• Light/b jet energy scale
• QCD activity (MI, ISR/FSR)
• Beam related issues (Pile-up, 

Luminosity)
• PDF
• Background normalization
• other unknown unknowns

Dhiman Chakraborty The Top Quark

Top Physics Potential

e−/q

e + /q̄

t

W +

b

! +

ν!

t̄

?

!

X

Production
cross section

Resonant
production ?

Production
kinematics

Spin
polarization

Top mass, width, spin, charge

Wtb coupling, |Vtb|

Yukawa coupling ?

Anomalous couplings ?

Rare/non-SM decays ?

Branching fractions ?

9 Oct 2006 8

W mass constraint

Missing Et

Pile-up

Underlying event

Top mass constraint

Kinematic fit

Triggering

Lepton ID

Light jet e scale

Final state rad.

Jet reconstruction

B-tagging

Bjet energy scale

B fragmentation

Initial state rad.

Luminosity

PDF

We have performance estimates but we won’t know much about the 
real detector and the real physics at 10 TeV until real data flows in.
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Measuring Efficiency from Z
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eff (pt, eta & isolation)

Why we won’t know until real data comes 

Low Pt single lepton triggers at low lumi 
is highly efficient (>90%) for tT. Their 
performance of the real detector need 
to be estimated from data.
Z events are the most useful control 
sample for performance extraction but 
condition can be different in signal 
events.

11

mailto:akira.shibata@nyu.edu
mailto:akira.shibata@nyu.edu


akira.shibata@nyu.eduBerkeley Workshop - May 08, 2009

Underlying Event and ISR/FSR

UE and ISR/FSR in high-pt jets events and Drell-Yan

- R. Field., Run 2 Monte Carlo Tunes in M. G. Albrow et al. [TeV4LHC QCD Working
Group], Tevatron-for-LHC report of the QCD working group, 2006.
- D. Kaar, R. Field, Using Drell-Yan to Probe the UE in Run 2 at CDF,
CDF/PUB/CDF/PUBLIC/9351.

- TransMAX(MIN): transverse region with largest(smallest) N of charged particles 1,
definition applies to QCD 2 → 2 and Drell-Yan processes.

QCD 2 → 2 process Drell-Yan
TransMAX region: hardest ISR/FSR TransMAX region: hardest ISR/FSR

TransMIN: beam-beam UE component Transverse region: clean UE probe
TransMAX - TransMIN: ISR/FSR probe Toward region pt Z: ISR sensitive

- Different scales of QCD high-pt jets and Drell-Yan; UE description universal?

1or scalar pt sum, CDF/PUB/CDF/PUBLIC/9351
4 / 24

UE at the LHC

- A. Moraes, Underlying Event Tunes for the LHC in M. G. Albrow et al.
[TeV4LHC QCD Working Group], Tevatron-for-LHC report of the QCD
working group, 2006.

- Note: MC describes UE at TeVatron ! MC describes UE at LHC.

18 / 24

UE tunings applied to LHC MC shows divergence with high pt jets. Need to 
constrain model parameters, need to know handles to evaluate uncertainties.

Why we won’t know until real data comes 
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Single Lepton Channels
One lepton with pT>20 GeV, 
Missing Transverse Energy > 20 GeV, 
at least 4 jets with pT>20 GeV 
of which 3 have pT > 40 GeV 
- “default” - 18% eff for muon channel
Look for trijet combination with highest 
pT and select those with dijet mass ~ Mw.
Lose half using Mw cut 
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Figure 8: Left plot: Reconstructed three-jet mass for tt̄ , single top and W + jet events for the default
electron selection, requiring one or two jets tagged as coming from a b-quark. Right plot: Same distri-
bution for the default selection + the W -boson mass constraint and requiring one or two jets tagged as
coming from a b-quark.

the default selection with the W -boson mass constraint, using electron and muons):

Likelihood method: ∆σ/σ = (7(stat)±15(syst)±3(pdf)±5(lumi))% (1)
Counting method: ∆σ/σ = (3(stat)±16(syst)±3(pdf)±5(lumi))% (2)

2.5 Differential cross-sections

We studied several differential distributions for tt̄ production. First, we present the top momentum and
rapidity distribution. The results are shown in Figure 9.
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Figure 9: Left plot: Momentum distribution of the reconstructed three-jets mass for tt̄ , single top and
W+jet events for the electron analysis. Right plot: Distribution in η .

A more detailed study has been performed for the differential cross-section as a function of the tt̄
system, and for several double differential distributions as shown in the following sections.

The differential cross-section for tt̄ production can be measured as a function of the invariant mass
of the tt̄ system in the semi-leptonic channel (with no tau leptons in the final state). Such a measurement

13

18% precision

Likelihood fit on top mass stable against 
background fluctuation but relies on good 
understanding of Mjjj shape. Counting 
method is sensitive to background 
normalization and jet energy scale.
13

candidate with the default selection and with the backgrounds added together, is shown in the left plot
of Figure 3. The events where the correct top-quark pair was chosen are clearly visible as the mass peak
(open histogram) on top of a smooth background distribution. This background is composed of events
from non-top processes (light shaded histogram), but is dominated by the (combinatorial) background
from semi-leptonic tt̄ events (dark shaded histogram). The combinatorial background was determined
using the matching of the top candidate with the generated top-quark in a cone of size ∆R < 0.2.

On the right side of Figure 3 we present the reconstructed three-jet mass after the W mass constraint.
The backgrounds are also shown.

Table 3 and 4 show the number of signal and background events in a 100 pb−1 data sample. To give
an indication of the signal purity in the top mass peak region, in the third column of Tables 3 and 4 we
give the number of events in an hadronic top mass region: 141 < mt < 189 GeV. Although not all signal
events are correctly reconstructed, in both the electron and muon analyses the purity of the signal in the
top mass window is close to 80%.
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Figure 3: Left plot: Expected distribution of the three-jet invariant mass after the standard selection.
Right plot: The same after the W -boson mass constraint in a 100 pb−1event sample. Both plots are for
the muon analysis.

2.1.4 Selection variations: II

We explored additional ways to kinematically select top events other than the W mass constraint, or to
improve the signal purity after having applied the W mass cut itself. In the commissioning phase, it can
happen that the barrel calorimetry will be better calibrated than the forward one. Therefore, it can be
useful to apply the additional request that the three highest pT jets are all at |η | < 1. The reconstructed
top mass in this case is shown in Figure 4.

The centrality requirement applied after the default selection allows to reach the same signal-over-
background that one obtains after applying the W constraint. Tables 3 and 4 show the signal-over-
background and signal efficiencies for the electron and muon analyses if the centrality requirement is
applied or not in addition to the W constraint (fifth column).

We exploited other variables as well, like the cosθ ∗, which is the angle that one jet forms with the
direction of the incoming proton in the centre of mass of the event (it is expected that the top decay
products are emitted more centrally than the W+jets and jets from QCD) and the total invariant mass of
the event. In the following no cuts on these variables are used in the analysis.
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ATLAS

100 pb-1@14 TeV

Source of Unc. Detail Count Elec
Statistical 1262 sig evts 3.5%

Lepton ID 1% variation 1.0%

Trigger eff 1% variation 1.0%

W+Jet norm. 50% more 9.5%

JES 5% 9.7%

PDF CTEQ error 2.5%

ISR/FSR ΛQCD / cutoff 8.9%
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Dileptonic Channels
Two lepton with pT>20 GeV, 
Missing Transverse Energy > 25 GeV 
(30 GeV for ee/mumu) 
at least 2 jets with pT>20 GeV 
remove mll ~ 90 GeV (ee/mumu) 
21% (emu) , 15% (ee), 19% (mumu)
~1010 events in combined with 
100pb-1 at 10TeV
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Figure 14: Monte Carlo eµ templates spanning the plane /ET and number of jets for tt̄, WW and Z → ττ .

2D templates for each channel we determine the relative size of the tt̄, WW and Z → ττ contribution
by performing a binned log likelihood fit. To ensure a fit with a pull distribution compatible with a
Gaussian with zero mean and unit sigma we relax the template likelihood using nuisance parameters
constrained to their expected errors. The nuisance parameters are: common acceptance and common
background normalization for each final state. Bias from potential new physics is avoided by adding one
free parameter with an associated orthogonal background template.

Many different configurations of background templates are scanned and the template with the highest
probability is selected. The fit has in total ten free parameters including the tt̄, WW and Z → ττ cross-
sections. After the fit to the eµ channel we impose the requirement /ET > 35 GeV for the ee and the µµ
channels and add a Z-veto, then all three channels are included in the measurement which is shown in
Figure 15.

Systematic uncertainties enter in two ways: in the acceptance of the two leptons, and in the shapes
of the templates in Figure 14. The impact of the systematic uncertainties is estimated using pseudo-
experiments where all uncertainties and correlations, as discussed in section 3.4, are included, except the
luminosity. Note that the acceptance is by definition not affected by the jet energy scale, but has a 2%
uncertainty from QCD showering. The shape has a 2% uncertainty from QCD initial state showering,
and 2% from the jet energy scale. QCD final state showering only comes from tt̄ and is found not to
have any measurable effects on the fit when all channels are included. The projected significance versus
integrated luminosity including all systematic uncertainties, except luminosity, is shown in Figure 15.
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Figure 15: Left plot: Total composition of the inclusive di-lepton selection versus number of jets. Right
plot: Projected significance from pseudo-experiments for the inclusive template fit versus integrated
luminosity including all channels and all systematic uncertainties.
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100 pb-1@14 TeV
ATLAS

3.6 Results

The final results in percent for the combined di-lepton channels for an integrated luminosity of 100 pb−1

are summarised here

Cut and Count method: ∆σ/σ = (4(stat)+5
−2(syst)±2(pdf)±5(lumi))% (4)

Template method: ∆σ/σ = (4(stat)±4(syst)±2.(pdf)±5(lumi))% (5)
Likelihood method method: ∆σ/σ = (5(stat)+8

−5(syst)±0.2(pdf)±5(lumi))% (6)

4 Discussion and outlook

In this note we have demonstrated that ATLAS will be able to reliably determine the tt̄ production
cross-section already from the startup period of LHC. We have determined this cross-section for the tt̄
system decaying both into a single electron or muon with associated jets, or two electrons or muons with
jets. For the single-lepton mode, we have investigated robust selection criteria that do not depend on the
b-quark tagging. For the di-lepton channel various complementary channels have been investigated.

With only 100 pb−1 of accumulated data, we have shown that we can observe the top-quark signal
and measure its production cross-section. Various methods have been presented and the corresponding
uncertainties studied. Apart from the luminosity uncertainty, the overall uncertainties are of the order of
(5-10)% and are dominated by systematics. Consistency between the methods constrain contributions of
new physics as they affect the various methods differently.

23

9% precision

Treatment of systematic is symmetric to single 
lepton analysis. Significantly higher precision in 
dilepton analysis.
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Source of Unc. Detail Avg All Chan
Statistical 1010 sig evts 3.5%
Lepton ID 1% variation 1.0%
Trigger eff 1% variation 1.0%

W+Jet 50% 2.9%
Bkg Model 10% 1.4%

JES 5% +4.6/-2.1%
PDF CTEQ error 2.4%

ISR/FSR ΛQCD / cutoff 2.3%
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14 TeV > 10 TeV

10 TeV analysis ongoing. 
Analyses being re-evaluated / 
re-optimised for 10 TeV but 
nothing public yet. Look out 
for the summer conferences!

4

Some Perspective

! One can get a very good idea of production rates

just by looking at relative partonic luminosities

– Plot uses CTEQ6M

! Hardly a precision estimate, but good for “rules of thumb”
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RULES OF THUMB

! Running at 10 TeV takes ~twice as 

much data as 14 TeV for equivalent 

sensitivity

! Running at 8 TeV takes ~twice as 

much data as 10 TeV for equivalent 

sensitivity

! Below 8 TeV things go “pear 

shaped” quickly.
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Conclusions
• There is no easy win with Top!
• Cross section is large but first data is limited.
• Very many uncertainties to be constrained from the data itself.
• First top observation at LHC will be a huge step.

• Sensitivities to new physics exist in many places around top
• Tevatron results are impressive and updated with increasing 

luminosity.
• Estimated sensitivity of 9-18% (systematics dominate) is a 

good start for cross-section measurements. Dilepton analysis 
may have a kick start.

• Measurements in 10 TeV is interesting
• Comparison with Tevatron and 14 TeV is very important.
• Who knows what kind of surprise is waiting at 10 TeV?

• Impact of first top observation at the LHC ? 
Incalculable.
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