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Experiment at the LHC are presented. The data were collected at a centre-of-mass energy of 7
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measurements make use of 1.1 fb−1 of data recorded in 2011.
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1. Introduction

The top quark is the heaviest elementary particle known to date, and as such it plays a special
role in the electro-weak symmetry breaking as well as many models of New Physics beyond the
Standard Model. At the LHC, top quarks are predominantly produced in pairs, through gluon-gluon
fusion. Theory predictions performed to approximate next-to-next-to-leading order (NNLO*) pre-
dict an inclusive tt̄ cross section of about 164±10 pb [2, 3] or 149±11 pb [4]. Top quarks decay
to nearly 100% into W -bosons and b-quarks. The presence of b-quarks is detected experimentally
by their decay length, leading to a separation of tracks from the primary vertex. Experimentally, tt̄
pair events are classified in the dileptonic, the lepton+jets and the fully hadronic channel, according
to the decays of the two W -bosons, with branching ratios of 10%, 48% and 42% respectively. For
all of these final states, except eτ and ττ , cross section measurements have been performed at the
CMS Experiment [1] and are presented here. Consistency between the measurements in different
decay channels constitutes an important test of the Standard Model, as possible new physics may
appear differently in the different channels.

2. Dilepton Channel
5.3 Cross section measurements per decay channel 13

between the expected and observed numbers of events in all channels. A summary of the ex-
pected number of background events is compared with the number of events observed in data
in Table 2 for the channels used in the measurement.
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Figure 3: Number of events passing the full dilepton selection criteria without a b tag (points),
as a function of the jet multiplicity for e±µ∓ (left) and all dileptons (right). There is no E/T
requirement for the e±µ∓, and a requirement of E/T > 30 GeV for the e+e− and µ+µ−. The ex-
pected distributions for the tt signal and the background sources are shown by the histograms.
The Drell–Yan and non-W/Z lepton backgrounds are estimated from data, while the other
backgrounds are from simulation. The total uncertainty on the background contribution is
displayed by the hatched region.
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Figure 4: Jet multiplicity for events passing full dilepton selection criteria with at least one
b-tagged jet, otherwise the same as in Fig. 3.

The tt production cross section is measured using:

σ(pp → tt) =
N − B
AL

, (1)
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pected number of background events is compared with the number of events observed in data
in Table 2 for the channels used in the measurement.
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The tt production cross section is measured using:

σ(pp → tt) =
N − B
AL

, (1)

14 5 Measurement of the cross section
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Figure 5: Multiplicity of b-tagged jets in events passing full dilepton selection criteria with
at least two jets compared to signal and background expectations from simulation. The un-
certainty on the number of signal events corresponding to the uncertainty in the selection of
b-tagged jets is displayed by the shaded area. The distributions are for e±µ∓ (left) and all (right)
final states combined.

where N is the number of observed events; B is the number of estimated background events;
A is the total acceptance relative to all produced tt events, including the branching ratio to
leptons, the geometric acceptance, and the event selection efficiency already corrected for dif-
ferences between data and simulation; and L is the integrated luminosity.

Results of the signal and background estimates and events observed in data in each of the three
dilepton final states in events passing selections with at least two jets prior to and after the b-
tagging requirement, and events with one jet are summarised in Table 2. These nine sets of
inputs are treated as separate measurements of the inclusive tt production cross section. The
uncertainties are propagated following Eq. (1) for each selection in the following way: the sta-
tistical uncertainty is given by

√
N/(AL); the systematic uncertainty combines in quadrature

the uncertainties on the backgrounds andA, where the relative uncertainties onA are reported
in Table 1 as subtotal values; the uncertainty on the luminosity (not reported in Table 2) is 4%,
the same for all channels. Consistent tt cross section results are seen between the 9 measure-
ments, within their relevant uncertainties. The cross section measured in the e+e− and µ+µ−

final states with at least two jets and at least one b-tagged jet is more precise than the corre-
sponding measurements in the same jet multiplicity without a b-tagging requirement, which
results in a significant suppression of the backgrounds. The situation is different in the e±µ∓

final state, where the b-tagging requirement gives a slightly worse precision, primarily due to
added uncertainty on the rate of b-tagged events. The measurements in events selected with
one jet, where the total number of events is smaller and the fraction of backgrounds is larger,
have a substantially larger uncertainty compared to the selections with at least two jets.

In addition to the selections used for the main results presented in this analysis, alternative
selections were applied to the same data sample and most of the steps of this analysis were
reproduced. One analysis used calorimeter jets and missing transverse energy, both corrected
using tracks reconstructed in the silicon tracker [40, 43]. Another analysis applied lepton iden-
tification and isolation requirements based on quantities provided by the particle flow algo-

Figure 1: Dilepton sample distributions of the number of jets before (left) and after (middle) requiring at
least one b-tagged jet in the event. The number of b-tagged jets for dilepton events is shown on the right.

Events in the dilepton channels are selected if there are two isolated leptons with transverse
momentum pt larger than 20 GeV (muons) and 30 GeV (electrons). In addition, at least two jets
with pt > 30 GeV are required of which at least one fulfills a b-tag signature. In the µµ and
ee channels, dominant backgrounds from Drell-Yan processes are reduced by removing events in
the region of the Z0 resonance (76 < m`` < 106 GeV) and requiring missing transverse energy
6ET > 30 GeV. The event sample obtained after all cuts is almost background free, as can be seen in
figure 1. The inclusive cross section is then determined from the counted number of events, taking
into account remaining backgrounds and efficiencies. From the combination of the three dilepton
channels a result of σtt̄ = 168±18(stat.)±14(syst.)±7(lumi.) pb is obtained [5], corresponding
to a relative systematic uncertainty of about 9%. The measurement agrees within errors with the
theoretical predictions.

2



P
o
S
(
E
P
S
-
H
E
P
2
0
1
1
)
3
4
6

Measurements of the top quark pair production cross section in pp collisions at 7 TeV using the CMS detector
Andreas B. MEYER

10 4 Cross Section Measurements

The resulting cross section is

σtt = 158± 14 (stat.)± 19 (syst.)± 6 (lumi.) pb. (7)

From the fit we obtain a result of 97± 6% for the b-tag scale factor and 103± 8% for the jet
energy calibration. The scale factors for the W+b jets and W+c jets components are 1.4 +0.8

−0.6
and 1.4 +0.4

−0.3, respectively. These are in agreement with the results from the muon channel. The
contributions to the systematic uncertainty are summarized in Table 3.

4.4 Simultaneous Muon and Electron Channel Analysis

Having established the consistency of the separate channel measurements, we now proceed to
perform a combined fit to both channels. To establish our best measurement, we repeat the
fit procedure and apply it simultaneously to the data in both the electron and muon channels.
We find that the resulting fitted event yields in each tag category are in good agreement with
those obtained from the separate channel fits (Tables 2 and 4). Figure 2 shows the comparison
of the corresponding observed and fitted vertex mass distributions. Figure 3 shows the data
for ≥ 3 jets and ≥ 1 b-tag, and the fit results for the total transverse energy of the event (HT),
the missing transverse energy (Emiss

T ), and the transverse mass of the W (MW
T ). We find good

agreement in all cases.

Figure 2: Results of the combined muon and electron channel fit. The muon channel is shown
on the left and the electron channel on the right. The plots on the top are for exactly 1 b tag
and those on the bottom are for ≥2 b tags. The histograms within the top panel correspond
to events with 1, 2, 3, 4 and ≥5 jets, respectively, while the bottom panel shows histograms
corresponding to events with 2, 3, 4 and ≥5jets.

The correlation matrix for the combined fit is listed in Table 5. All of the terms are as defined
in the text. The combined analysis cross section measurement is

Figure 2: Result of the combined fit to the vertex mass distribution in different bins of jet multiplicity for 1
b-tag and 2 b-tag samples in the µ+jet (left) and e+jet (right) sample.

3. Single Lepton-plus-Jets Channel

In the channel with a single lepton (electron or muon) and jets, several independent mea-
surements have been performed, requiring a single isolated high transverse momentum lepton and
either three or more jets or the presence of a b-tag [6, 7]. For the analysis with b-tag, a binned
template fit to the invariant mass distribution of the tracks originating from the secondary ver-
tex is performed in bins of the jet multiplicity (figure 2), simultaneously to the µ+jets and e+jets
samples. Systematic uncertainties, e.g. on the jet energy scale, the b-tag uncertainty and the back-
ground contribution from W+jet events are taken into account in the fit. The measurement yields
a cross section result of σtt̄ = 150±9(stat.)±17(syst.)±6(lumi.) pb, corresponding to a relative
systematic error of 12%. A measurement, independent of b-tagging, applies a simultaneous fit to
the distributions of 6ET and the invariant mass of the three jets. The cross section result from this
method is σtt̄ = 173+39

−32(stat.+ syst.)±7(lumi.) pb.

4. Fully Hadronic Channel

A first measurement of the tt̄ production cross section is performed [9] using data recorded
in 2011 with an integrated luminosity of 1.1 fb−1. Selected events are required to have at least
six high transverse momentum jets, including at least two jets with high-purity b-tag where the
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Figure 3: Result of the fit to the reconstructed top quark mass for the tt̄ simulation (solid red line) and the
multijet QCD estimated from data (dashed blue line).

secondary vertex containing at least three tracks is required to have a decay length significance
of dB > 2.0. A kinematic reconstruction is performed on this event sample imposing constraints
on the reconstructed W -mass and event-by-event equality of the reconstructed top and anti-top
quark mass. In each event the one combination with minimal χ2 of the kinematic fit is selected.
The relative fraction of tt̄ signal, fsig = 0.250± 0.036(stat.), is determined from a template fit to
the top quark mass distribution (figure4). The shape of the background is determined from the
data. The measured cross section is σtt̄ = 136±20(stat.)±40(sys.)±8(lumi.) pb. The dominant
uncertainties are the b-tagging, the jet energy scale and the QCD background.

5. τ-Lepton + Muon Channel

Also, for the first time, a measurement in the channel tt̄ → WbWb → τντbµν µb is pre-
sented [8] using data with 1.1 fb−1. Events are selected with exactly one isolated muon, and at
least two jets of which at least one is required to have a b-tag. Non-tt̄ background events are fur-
ther suppressed by rejecting events with 6ET < 40 GeV. Exactly one τ candidate is required with
pt > 20 GeV. The τ is identified as a narrow jet comprising a small number of charged hadrons or
π0, consistent with a decay from τ . The photons from the π0 decays are reconstructed in narrow
η-φ strips in the electromagnetic calorimeter, taking into account possible conversions. The result-
ing event sample is presented in figure 5 left. The rate of jets, wrongly identified as τ is studied
from the data and compared to the simulation (figure 5 right). The cross section, as obtained by
counting the number of events above background and correcting for efficiencies and acceptance,
yields σtt̄ = 148.7±23.6(stat.)±26.0(sys.)±8.9 pb.
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Figure 4: Left: Reconstructed top quark mass distribution for the tau dilepton candidate events. Right: Tau
fake rate distribution from QCD multijet samples.

6. Summary

In conclusion, a full set of measurements of tt̄ production cross sections have been presented.
In the dilepton and lepton+jet channels the results are approaching systematic limitations and the
experimental precision is starting to constrain theory predictions. First results in two previously un-
measured decay channels, the fully hadron channel and the τ +µ channel, have also been presented.
All the results are in agreement with each other and with predictions from QCD calculations.
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