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Abstract

We present an analysis for the measurement of the top quark pair (tt̄) production
cross-section at

√
s = 14 TeV using dilepton final states. The event selection, based on

simple cuts is described and an almost background free final sample can be derived.
For a total integrated luminosity of 100 pb−1, the cross-section is extracted by means
of a robust event counting method and the associated statistical uncertainty is found
to be 8%.
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1 Introduction
The potential for measurements of the tt̄ production cross section with the first 100 pb−1 of inte-
grated luminosity is presented in this analysis summary. The tt̄ production (σNLO(tt̄; 14 TeV) =
833 pb [1]), dominated by the gluon-gluon fusion mechanism is considered in the dileptonic
final states (ee, µµ, and eµ including leptons from τ decays ). Realistic detector conditions at
the LHC start-up are taken into account.

The analysis presented in this note uses b-tagging to isolate the tt̄ dilepton signature. A com-
plementary analysis [2] is being pursued at CMS without b-tagging in the event selection. This
complementary analysis is tuned for initial data-taking, before the detector is calibrated well
enough to allow the use of b-tagging. Both analyses are based on selecting two isolated leptons
(ee, µµ, and eµ), missing ET (MET), and jets. However, as CMS is exploring various options,
the details of the lepton and MET selections are different between the two analyses and cannot
be directly compared. These selections will be optimized with real data in light of detector
performance and measured backgrounds.

The analyses presented here have been carried out using the CMS event data model and the
official software framework of CMS for event generation, simulation and reconstruction. Signal
and background events come from the CMS Monte Carlo production performed with the full
simulation of the detector in which experimental conditions at the beginning of data taking
have been taken into account by various miscalibration and misalignment scenarios. For an
integrated luminosity of 100 pb−1, the detector is assumed to be calibrated and aligned with
an amount of data corresponding to 10 pb−1. In this scenario, the detector is aligned and
calibrated using cosmic muons, low mass resonances and minimum bias events.

The generation of signal events (tt̄+jets) and major background events (Z+jets, W+jets , for
different transverse momentum (pT) of the boson values ranging from 0 to 300 GeV/c) was
performed using the ALPGEN generator [3]. The ALPGEN samples are produced exclusively
for numbers of partons up to 3(4) and inclusively for the 4th(5th) partons for the signal (back-
grounds respectively). They contain a total number of about 40M generated events. Di-bosons
processes (WW, ZZ, WZ representing 1.4M events) and multi-jet QCD background (8.5M events)
productions are generated with PYTHIA [4].

Due to the fact that muons and electrons have different reconstruction and selection efficiencies
and because backgrounds are final state dependent, exclusive cross section measurements have
been studied.

2 Trigger selection
The number of collected tt̄ events will depend on the trigger efficiency to select these events.
In the CMS design, the real time selection of events is achieved in two physical steps, namely
the fast Level-1 Trigger and the High-Level Trigger (HLT) operating on longer timescales. The
Level-1 trigger is built of mostly hardware level information of the detectors while the HLT
selection is implemented as a sequence of reconstruction and filter steps of increasing com-
plexity. The first step was to ”skim” the data (make an offline preselection with loose cuts).
Several High Level inclusive triggers have been considered according to the skim path used:
For the dielectron studies, the skim path is based on the single electron trigger requiring a non
isolated electromagnetic energy deposit at Level-1 followed by a loose HLT isolation (based
on HCAL and tracking information [5] )and an explicit cut on the calorimeter energy over the
tracker momentum of the reconstructed electron |E/P| ( |E/P| < 1.5 in barrel and |E/P| < 2.45
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in the forward region) and HLT selection (transverse energy (ET) threshold of 17 GeV) and the
double electron trigger (requiring two loose isolated HLT electrons with ET > 12 GeV for each
lepton). For the dimuon and the electron-muon studies, the skim path is based on the single
muon trigger (requiring a seeded Level-1 non isolated muon passing the HLT pT threshold of
16 GeV/c), the double muon trigger (two non isolated HLT muons with pT > 3 GeV/c for
each muon) and the double mixed electron-muon trigger ( a loose isolated electron with the
same |E/P| requirements as in the single electron trigger and a non isolated HLT muon with
ET and pT thresholds of 10 GeV and 10 GeV/c respectively for both leptons). Additional offline
selection cuts on both leptons (pT > 20 GeV/c) for the skims are imposed. More details on the
CMS HLT trigger can be found on Ref. [5]

3 Reconstruction tools
The e/µ final states for the signal is characterized by the presence of two highest-pT isolated
leptons (coming from W boson decays) associated with a large missing transverse energy MET
and 2 b-jets. The reconstruction of such objects will be briefly described.

Electron candidates are reconstructed starting from electromagnetic calorimeter towers. The
corresponding region in the pixel detector is used to define track seeds. Electron trajectories
are then reconstructed from the seed to the calorimeters towers using a Gaussian-Sum filter
technique [6]. During the data taking, the electron triggers and the reconstruction efficiencies
will be estimated with Z → ee events using the so-called ”tag and probe” method.

Muon candidates are reconstructed by extending the muon trajectories from the Muon cham-
bers to the tracker. Muons tracks are then reconstructed in the region of interest using a Kalman
filter technique [6]. As for electrons, muon triggers and muon reconstruction efficiencies will
be estimated with Z → µµ events using the ”tag and probe” method.

Lepton isolation is applied on candidates at the level of tracker and calorimeter reconstruction.
The tracker (calorimeter) isolation is defined as the scalar sum of the transverse momenta of
all tracks found within a cone of size R =

√
η2 + φ2 = 0.3 (the sum of the energies of all

calorimeter towers found within a cone of size R = 0.3) around the lepton direction excluding
the lepton track (the lepton energy deposited in the calorimeter respectively). Cuts on tracker
and calorimeter isolation are treated as a fixed pair of cuts. For the selection of electron and
muon candidates the cut values are set to (3 GeV/c2; 6 GeV) and (3 GeV/c2; 1 GeV) respectively.

The tracker isolation variable is illustrated by the Fig. 1 for reconstructed leptons coming from
W decays and other reconstructed leptons, in tt̄ events.

Jets are reconstructed using an iterative cone jet algorithm with a cone radius of R = 0.5, using
calorimeter towers as input. A response correction derived from Monte Carlo calibration is
applied to the reconstructed jet transverse energies. Similarly, the missing transverse energy is
reconstructed using calorimeter towers and is corrected for jet energy rescaling as well as for
the presence of muons in the event. Finally, the b-jets can be identified using a track counting
algorithm. First, the tracks contained in a cone (∆R = 0.3) around the jet axis are associated
to this jet. Then, a jet is defined as a b-jet if it contains at least two tracks with a 3D impact
parameter significance larger than a given cut. Although this b-tagging method appears robust
and efficient in its conception, it can be affected by misalignments or inefficiency effects not
well described by the simulation. For these reasons, we used the loose working point of the
b-jet discriminator, see [7], [8] and [9].
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Figure 1: Distribution of variables used in muon (left) and electron (right) tracker isolation,
as described in the text. The black distributions correspond to reconstructed leptons matched
with leptons originating from the decay of a W boson using an angular matching criterion
(R < 0.15), while the red distributions correspond to any other lepton. tt̄ events were used.
The distributions are normalized to 1. The peak for ”other leptons” for isolation near to 0 is
due to leptons coming from b-jet which appears to be isolated. The first bin peaked at 0 is
associated to leptons without any track in the cone. The dip close to 0 is due selection criteria
(mainly pT cut) on the tracks.

4 Event selection
The objects previously defined will now be used for the events selection. The event selection
features also a significant acceptance for tt̄→ (di)τ + X final states with leptonic tau decays. The
aim of the analysis is to find a good balance between background rejection and signal selection
efficiency. The backgrounds mainly originate from three types of processes, according to the
nature of the lepton (real or fake) and its isolation status: Physical processes with two real
isolated leptons are mainly Z+jets events and to a lower extent dibosons events (with leptonic
decays of vector bosons); physical processes with one real lepton associated with a fake lepton
(W+jets and tt̄ with semi-leptonic decays) can also be selected. The third possibility appears
when two jets are reconstructed as lepton candidates: this is the case for multi-jet QCD events
(including bb̄ and cc̄ events) as well as tt̄ with fully hadronic decays.

4.1 Pre-selection

Firstly a pre-selection is applied in order to reconstruct tt̄ event candidates. Additional cuts are
then applied to remove the main backgrounds. During the event reconstruction, only jets with
a transverse energy ET > 15 GeV in the detector acceptance |η| < 2.4 are taken into account. In
order to reject leptons reconstructed as jets, the jets which are closer than R = 0.3 to an electron
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candidate are rejected, if the electron has a tracker isolation greater than 2 GeV/c. Then, only
leptons with a transverse momentum pT > 10 GeV/c in the detector acceptance |η| < 2.4
will be used for the event reconstruction. All the selected leptons are also required to pass the
isolation criteria. Candidate events are selected when the two highest pT reconstructed leptons
have opposite charge. Since no b-tagging is applied at this stage of the analysis, the two b jets
candidates are defined as the ones with the highest ET.

4.2 Main selection

In order to remove backgrounds related to fake leptons (QCD multi-jets, W+jets, tt̄ semi-
leptonic), the selected leptons are required to have a pT > 20 GeV/c. Additional quality cuts
are applied on electrons in order to keep a good control on electron fake rates: the ratio be-
tween the energies deposited in the hadronic and the electromagnetic calorimeters must be
below 0.05, while the ratio between the energy in the electromagnetic calorimeter and the track
momentum associated to the electron has to be between 0.8 and 3. At this level, about 96(95)%
of the reconstructed leptons pair are correctly assigned to the corresponding generated leptons.
In addition, the two b-jet candidates are required to have a corrected ET > 30 GeV.

In order to reject the major Z + jets background contribution, events reconstructed with a dilep-
tonic invariant mass close to the Z mass (within the range 75 to 105 GeV/c2) are rejected. This
cut is not applied for the eµ channel. The presence of two neutrinos in signal events allows
suppression of Drell-Yan events as well as multi-jets QCD events by applying a selection on
the missing transverse energy (MET > 50 GeV).

Finally, the b-tagging is applied on the two b-jets candidates. In order to keep the b-tagger
as robust as possible, the loose working point was chosen. The mistag rate will be evaluated
using the method described in the note [9]. Since we require 2 b-tagged jets, the mistag rate is
expected to be small.

Based on simulated events the residual background is found to be very small. Despite a very
large rejection rate of instrumental background such as QCD multi-jet events, the correspond-
ing huge multi-jet cross-section represents a potential spoiling effect that can be estimated us-
ing a data-driven background expectation approach. From the Monte Carlo point of view, a
very large data sample is needed to properly estimate the QCD multi-jets contamination. For
this reason a factorizing approach was used to estimate an order of magnitude of the QCD
background rejection. Using this method, QCD contamination was found to be negligible.

5 Results
Because the dileptonic signal is clean and almost background-free (after b-tagging), the dilep-
tonic tt̄ cross section can be extracted with a simple counting method as:

σ× BR =
Nsel − Nbkg

εtt̄ ×
∫
L

where Nsel is the number of events passing the selection cuts, Nbkg the residual background
and εtt̄ expanded as εtt̄ = εHLT

tt̄ × εMC
tt̄ × εreco/sel

tt̄ (εHLT
tt̄ being the trigger efficiency estimated

from data, εMC
tt̄ the selection efficiency estimated from the Monte Carlo and εreco/sel

tt̄ a correction
factor which accounts for reconstruction differences between data and Monte Carlo (since we
are using only Monte Carlo, this correction factor is set to 1 in our analysis).
The total number of dileptonic events produced for a total integrated luminosity of 100 pb−1 is



5

Number of jets 
0 1 2 3 4 5

N
u

m
b

er
 o

f 
ev

en
ts

 

0

2

4

6

8

10

12

14

16

18

20

22

24
 dileptt

 bkgtt

Zjets 

Wjets

Dibosons(WW,WZ,ZZ)

Data

CMS Preliminary

Figure 2: Distribution of the jet multiplicity for the final selected events in ee channel compared
with pseudo-data for a total integrated luminosity of 100 pb−1. The last bin in the distribution
is inclusive (≤ 4).
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Figure 3: Distribution of the b-tagging discriminator for the final selected events in µµ channel
compared with pseudo-data for a total integrated luminosity of 100 pb−1.

5340 at
√

s = 14 TeV. With this luminosity, the expected total number of signal events is about
160 events with a very small residual background (Z+jets, W+jets and dibosons) of about 3
events. Fig. 2 shows the jet multiplicity for the ee channel. The main background in this channel
come from other tt̄ and Z+jets events (around 1 event in total). Fig. 3 shows the distribution
of the b-tagging discriminator in the µµ channel, the main contribution coming from Z+jets
events (with a total number of events smaller than 1) and finally Fig. 4 shows the MET in the
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Figure 4: Distribution of the missing transverse energy for the final selected events in eµ chan-
nel compared with pseudo-data for a total integrated luminosity of 100 pb−1.

eµ channel. The main background contribution comes from other tt̄ events and Z+jets events
(around 1 event in total). These numbers can change significantly by removing the b-tagging
selection ( about 600 signal events, 9 tt̄ semi-leptonic, 46 Z+jets, 4 W+jets, 8 dibosons events
and 15 multi-jet events). For ee, µµ and eµ final states, the corresponding total efficiencies εtt̄
are 2.3%, 3.5% and 3.2% leading to a statistical error of 15%, 18% and 11% respectively. For tt̄
signal events and for jets with |η| < 2.4 and ET > 30 GeV, the b-tagging efficiency was found
to be around 65% while the mistag rate was found to be around 13%. The fractions of selected
signal events containing at least one tau which decays leptonically are also estimated. For the ee
channel, the fraction of selected events for tt̄ → e(τ → e) is 13% and for tt̄ → (τ → e)(τ → e) is
about 1%. For the µµ channel, the fraction of selected events for tt̄ → µ(τ → µ) is 11% and for
tt̄ → (τ → µ)(τ → µ) is almost negligible. Finally, for the eµ channel, the fraction of selected
events for tt̄ → e(τ → µ), µ(τ → e) is 13% and for tt̄ → (τ → e)(τ → µ) is almost negligible.

The statistical uncertainty summed over the three channels is found to be around 8%. The
signal-to-background ratio is 4 for ee channel, 6 for µµ channel and more than 20 for eµ channel
before b-tagging. The signal-to-background ratio varies from 26 for ee channel and up to 90 for
µµ and eµ channels after b-tagging.

6 Conclusion
In summary, we have defined a counting method used to measure the top quark pair produc-
tion in dilepton final states (ee, µµ channels and eµ including dilepton final states of τ decays)
with an event sample collected during the early data taking (L = 100 pb−1) . This method is
based on a simple and robust selection completed with a b-jet identification and the residual
background is found to be very small. Assuming a tt̄ cross section of 833 pb, the tt̄ cross section
can be measured with a statistical uncertainty of 8%.
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