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Abstract

We report on a study aiming at an early observation oftt̄ production in the di-leptonic decay channel
with an electron and a muon in the final state, recorded by the CMS detector frompp collisions at a
center-of-mass energy of

√
s = 14 TeV.

We propose two analysis strategies which make a minimal use of the HCAL information in order
to be complementary to the standard approach based on calorimetric jets. These strategies rely on
the assumption of a good lepton identification and are made more or less inclusive according to the
stability and understanding of the different subdetectors. They are the “inclusive lepton method”,
where a tight lepton selection is applied assuming a good control of the fake lepton rate, and the
“track method”, where lepton selection cuts can be relaxed by means of using the Tracker information,
including track-jets. One shows that, without using b-tagging, both methods can reveal thett̄ process
with less than 10 pb−1.



1 Introduction
Top quark pair production is the first complex process which we will observe at LHC, containing leptons, jets,
missing energy and secondary vertices in the final state. Therefore the observation of these events in our data can
be considered as a milestone in the physics commissioning of the experiment.

This note is focused on di-leptonic events in the e+ µ channel. The aim of this note is to describe two alternative
analyses designed for a start-up scenario, with the goal of “re-discovery” with the lowest possible integrated lumi-
nosity. In short, both analyses (described in detail in Sec. 4) make a minimal use of the HCAL information. The
rationale behind this is to provide complementarity with respect to more traditional analyses which make use of
calorimetric jets (see, for example, Refs. [1, 2]), since with very early data it may happen that misfunctioning of
one specific sub-detector, or of part of it, obliges to exclude some runs from the analysis. One of the two analyses
is even robust against a partial malfunctiong of the Tracker, since it only uses tracks for lepton reconstruction and
selection. Having back-up strategies based on different sub-detectors might be crucial at start-up.

The use of HCAL is not completely excluded in this note: for example, we decided to make use of calorimetric
isolation for leptons (although track-based isolation is also used, and can be used alone as a fall-back solution),
and of the ratio between the HCAL and ECAL deposition for electron candidates (H/E), since these are local
variables, as opposed to global variables like the number of calorimetric jets, or HT , or the missing transverse
energy. As an example, the presence of noisy calorimetric cells giving fake jets would have a small impact on our
strategy, while it would affect any analysis based on the calorimetric variables listed above.

The two analyses presented in this note take into account the expected quality of the alignment and calibration
at start-up (the “0 pb−1 scenario” [3]). The sensitivity of the analysis to mis-alignment and mis-calibration is
discussed in Section 9.

During the start-up period of a new experiment it takes some time to understand the performance of the detector
and the quality of event reconstruction. To reach a sufficient level of understanding as soon as possible, we employ
simple analysis methods. We don’t rely on b-tagging, nor missing energy, and we don’t apply any kinematic fit.

This paper is organized as follows: Sec. 2 describes the samples used for this study, and discusses their eventual
limitations; considerations about the trigger selection are presented in Sec. 3; the two analysis strategies are de-
scribed in Sec. 4; the estimation from MC of the QCD multi-jet background is in Sec. 5, while a discussion on
ZQQ̄ and what can be inferred aboutWQQ̄ is contained in Sec. 6; systematic uncertainties are discussed in Sec. 7;
the final results are presented in Sec. 8; Sec. 9 discusses the robustness of the two analyses.

2 Data samples
These studies are designed for a data sample with an integrated luminosity of 10 pb−1, in a “0 pb−1” detector
scenario.

The signal is tt̄ with both the W bosons decaying into leptons, and the final state is one electron and one muon.

The backgrounds explicitely considered in this note are the following:

• W+jets,

• γ∗/Z+jets (the short-hand label “Z + jets” will be used in the following),

• dibosons (WW , WZ, ZZ),

• other tt̄ decays,

• ZQQ̄ (see Sec. 6 where they will be also be used for a rough estimation of WQQ̄),

• QCD multi-jet background (see Sec. 5).

All these processes, with the exception of the diboson processes (WW , WZ, ZZ), are coming from samples
contained in the CSA07 soups called “Chowder” and “Stew” [4], generated under “0 pb−1” mis-alignment and
mis-calibration conditions [3]. The diboson samples were produced as part of the “CSA07 Signal production”,
with “100 pb−1” conditions. It has to be noted that these events mostly pass the selection through the presence of
real leptons, so the use of conditions closer to ideal results in an over-estimation of this background component. In
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Sec. 9 the sensitivity of the analysis to different detector conditions is explored by comparing the Chowder sample
with an equivalent one in “10 pb−1” conditions.

For the tt̄, W/Z+jets and diboson samples the ALPGEN [12] generator was used, interfaced to PYTHIA [13]
for showering and hadronization, while the QCD samples were entirely generated with PYTHIA (more details in
Sec. 5). All samples were passed through the detector simulation, based on GEANT4 [14] (“full simulation”).

The list of samples used in this study is summarized in Tab. 1. The cross section for the tt̄ process is normalized
to 833 pb [15], which corresponds to a NLO/LO K-factor of 1.85 with respect to the ALPGEN cross sections. An
NLO/LO K-factor of 1.12 is uniformly applied on the W/Z+jets cross sections. Diboson cross sections are at LO.

No pile-up was included in these samples.

The DiLeptonMuonX skimming [5] is applied on the CSA07 soups samples. This skim is based on HLT1MuonIso,
HLT2MuonNonIso and HLTXElectronMuonRelaxed triggers, on top of which it also requires at least two leptons
with pT > 20GeV.

3 Trigger aspects
In the DiLeptonMuonX skimming used for most samples (see Sec. 2) only events passing the HLT1MuonIso,
HLT2MuonNonIso and HLTXElectronMuonRelaxed triggers are selected.

In this note it is assumed that the first ≈10 pb−1 will be recorded with a very low instantaneous luminosity in the
range 1029 − 1031 cm−2s−1 (which also justifies our assumption of no pile-up), so all trigger thresholds will be
relatively low (see, for example, the trigger tables proposed for 1030 cm−2s−1 and 1031 cm−2s−1 in Ref. [7]). In
particular, our lepton pT thresholds (defined in Sec. 4) are quite higher than those proposed forL = 1032 cm−2s−1

in Ref. [8], so turn-on efficiency curves should not be an issue for the study presented here.

When real data will be available, this analysis will make use of the events selected by the single-electronic, single-
muonic and electron plus muon HLT bits. An extensive study of the trigger efficiencies and turn-on curves for top
events in single- and di-leptonic triggers may be found in Ref. [9], for the trigger table of Ref. [8].

4 Di-leptonic event selection
Two analysis strategies are proposed:

• A) Inclusive lepton method. This relies on tight lepton selection cuts. The expected number of signal
events will be small, and the goal is to keep the background contamination to a minimum. Further selection
can be based on the invariant mass of the di-leptonic system.

• B) Track method. The lepton selection cuts are relaxed, jets are only clusterized from charged tracks, and
topological variables (aplanarity, sphericity, . . . ) are built using the tracks in the event.

In the rest of the note they will be referred as “Method A” and “Method B” respectively.

4.1 Common preselection
We use the Top Quark Analysis Framework (TQAF) [10] in version TQAF 169 080212, with a preselection re-
quiring at least one electron and one muon of opposite charge with pT > 18 GeV/c, |η| < 2.4, Tracker isolation
< 3 GeV/c and calorimeter isolation < 5 GeV for both leptons. It has to be reminded that in all the samples, with
the exception ofWW ,WZ and ZZ, the DiLeptonMuonX skimming is applied, which implies that the two leptons
have pT > 20 GeV/c.

One critical aspect of these analyses is the reduction of leptons not coming from W decay. In fact, events of the
category W + jets in general pass the selection when one lepton comes from W decay and the second comes
from one of the following cathegories: heavy quark decay, a misidentified hadron, a charged + neutral hadron
coincidence (faking an electron), an electron from photon conversion, or a decay in flight of a light hadron. For
the sake of simplicity, all these different lepton categories will be called ”fakes” in the following. The amount of
fakes, at the relatively high momenta considered here, is expected to be higher for electrons than for muons, so
special care is given in this study to the former.
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4.2 Method A
This method is based on tight leptonic cuts.

In order to reduce the probability to select a fake electron candidate, the electron-ID cut-based tool provided by the
electron/gamma physics object package is used [11]. The cuts used in this study correspond to the “robust” option,
expressely designed for start-up conditions, and are listed in Table 2.

The two selected leptons are the highest-pT electron and the highest-pT muon in the event, with pT (e) > 40 GeV,
pT (µ) > 35 GeV.The distributions of these variables are shown in Fig. 1.

The set of cuts discussed so far does not prevent the eventuality that a muon, radiating an almost collinear photon,
passes the electron identification criteria. Even worse, it would be double counted both as a muon and as an
electron. In this note the problem is dealed by just ignoring electron candidates within a cone of 0.3 from an
identified muon. The efficacity of this cut can be appreciated from Fig. 2.

The selected events after preselection (including skimming), lepton selection and double-counting removal are
listed in Table 3, and give the statistical significance shown in Fig. 3 as a function of integrated luminosity. The
systematic uncertainties considered are described in Section 7 and are summarized for each process in Table 4.

4.3 Method B
4.3.1 Lepton identification and selection
The leptonic part of the selection differs from Method A (Sec. 4.2) only in the transverse momentum thresholds:
pT (e) > 25 GeV, pT (µ) > 20 GeV.

4.3.2 Track-based topological selection
The standard tracking [19] is used, with a selection tightened by requiring at least 8 valid hits per track.

Only tracks external to a 0.3 cone centered in the two selected leptons are taken into account, in order to be
independent from the lepton selection.

The following kinematic variables are defined using track information only:

• aplanarity: 3/2×Q1, whereQ1 is the lowest eigenvalue of the 3D matrix M =
∑

trk M
trk, whereM trk

ij =

ptrk
i .ptrk

j (i, j = x, y, z), and ptrk is the track momentum;

• sphericity: 3/2× (Q1 +Q2), where Q1 and Q2 are the two lowest eigenvalues of M;

• circularity: 3/2 × (q1 + q2), where q1 and q2 are the two lowest eigenvalues of a 2D matrix defined as M
but with i, j = x, y only;

• centrality: the ratio between the scalar sum of the transverse momenta of tracks and the modulus of the
vectorial sum of their momenta;

• number of tracks with pT higher than 5 GeV/c (Ntrk),

• scalar sum of the transverse momentum of tracks with pT higher than 5 GeV/c (
∑

trk pT ).

The distributions of these variables after preselection are shown in Fig. 4, normalised to the expected number of
signal and background events in 10 pb−1.

A cut is applied on the number of tracks with pT higher than 5 GeV/c (Ntrk ≥ 2). The remaining variables are
strongly correlated, but they give a goodS/B separation when combined in a multivariate analysis, as demonstrated
in Fig. 5 which shows, after preselection, the output of a simple linear discriminant convoluted with a sigmoid
(technically: a Neural Network with only one node). This selection is not applied in this analysis, since it gives
no gain in significance after our previous cuts, and it is only shown here as an illustration of a possible alternative
selection.

4



4.3.3 Tracker-based jet clustering
Jets are built by using the track collection as input. We will denote them as “track-jets” in order to emphasize
the difference with respect to the usual calorimetric jets. In principle a refinement of the method can come by the
restriction to only those tracks whose distance of closest approach to the primary vertex of the event is smaller
than a certain cut; this is not considered necessary here, since this note deals with a low luminosity scenario where
pile-up is considered negligible.

Both the kT [20, 21] (in the FastJet [22] implementation) and IterativeCone algorithms are taken into consideration,
with different parameters (D for kT and R in the IterativeCone case, both scanned in the range [0.4 − 0.9], with
steps of 0.1). The event is rejected if the number of jets is less than two. Figure 6 shows the distribution of pT for
the leading and second-leading track-jets in the event.

The number of track-jets per event, for kT with D = 0.7, with pT (j) > 20 GeV, is shown in Fig. 7(right).

Jets within ∆R < 0.3 from an identified lepton are excluded from the count. This excludes the possibility of
double counting a lepton as a track-jet.

4.3.4 Results for Method B
The results, by applying the cuts in cascade, are shown in Table 5, and their uncertainties are listed in Table 6. The
significance with and without systematic uncertainties, as a function of integrated luminosity, is shown in Fig. 8.

5 Estimation of the QCD background
In the “Stew” MC sample (filtered QCD) used in this note, only one event is selected by Method A and none
survives the cuts of Method B (although the same event passes some steps of the latter selection). This event
happens to contain bottomonium, while no generic QCD multi-jet event passes our preselection (see Sec. 4.1).
Nevertheless, the limited MC statistics means that we cannot put very stringent limits on the expectation for this
background.

The following subsections show different approaches used to improve our prediction of QCD contamination from
Monte Carlo.

5.1 Cut factorization, QCD multi-jet
In order to cope with that, a factorized approach was applied using “PreCSA07” QCD samples (produced with
CMSSW 1 5 2), see Table 7. Assuming that the two leptons are uncorrelated, the efficiency to have a eµ final state
is given by the product of the efficiency the have one lepton. After lepton selection, without requiring opposite
charge (which would unnecessarily reduce the available statistics by a factor of ≈ 0.5, depending on the amount
of lepton pairs from QQ̄), the predicted number of events for Method A is found to be negligible (Table 8) while
for Method B around three events survive after 10 pb−1 (Table 9).

In the estimation for Method B we didn’t apply the cuts on event-shape variables and number of track-jets, which
would probably provide a significant reduction. Nevertheless, to be conservative, we will use these numbers as an
estimation of the error on this background component even after the complete list of cuts (see Sec. 7 for details).

5.2 Cut factorization, bb̄

The samples used in the previous subsection are known to underestimate the heavy flavour component. For this
reason, at the time of writing several bb̄+Nj samples are under production [6], but only one (bb̄+ 1j) is already
available at RECO level. Both Methods A and B give no surviving event from this sample, so the same factorization
of the leptonic cuts has been applied, and the result is in Table 10. It has to be noted that in this case the assumption
of independence is less justified due to the presence of bb̄→ eµ (directly from b→ l or from the chain b→ c→ l),
with a branching ratio of the order of percent. Anyway, the results seem to indicate that this background component
is orders of magnitude away from being dangerous.

5.3 µ-enriched QCD sample
Some specific µ-enriched QCD samples have been generated as part of the CSA07 production. Table 11 shows
the results obtained by running the Method A and B selections on dataset /ppMuPt20-15/CMSSW 1 6 7-CSA07-
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1205151815/AODSIM, whose statistics (almost two million events) corresponds to 8.7 pb−1, and is defined by
the presence in each event of a real muon with pgen

T > 20 GeV, and a p̂T > 15 GeV for the partonic interaction.
Again, the amount of contamination seems not to pose a danger.

It has been estimated [24, 1] that real muons account for the vast majority of the selected muons in QCD events,
especially after quality cuts which remove most fakes from punch-through and hadron decays. It is interesting to
note that the visible cross section obtained from this sample is compatible with the estimate from the factorization
of cuts discussed in Sec. 5.1.

6 Estimation of the ZQQ̄ background
In the context of the “CSA07 Signal production” [6] someZbb̄+jets andZcc̄+jetswere produced with ALPGEN,
divided by light jet multiplicities (see Table 12). The detector scenario is “100 pb−1”. A completely analogous
production of Wbb̄ + jets and Wcc̄ + jets was foreseen but is not yet available at the time of writing, due to
unsolved technical problems which makes the timescale of their availability completely unpredictable.

It has to be noted that a straightforward inclusion of these backgrounds in the analysis would lead to double
counting, since a certain amount of heavy flavour content is already present in the Z+jets andW +jets samples.
However, we opt for an explicitely conservative approach by ignoring this double counting since this background
component is found to be negligible, as shown in Table 13.

By summing all the jet multiplicities, it can be seen that the probability of survival of a Zbb̄ event is ≈ 10−6

in Method A and ≈ 2 × 10−4 in Method B. Let’s assume, for simplicity, that εWbb/εZbb = εW+jets/εZ+jets;
from Tables 3 and 5 it can be seen that, for Method A, εW+jets/εZ+jets ≈ (3 × 10−7)/(8 × 10−6) ≈ 0.04,
while for Method B no W + jets survives, so we take the efficiency of the next-to-last cut: εW+jets/εZ+jets ≈
(5 × 10−7)/(5 × 10−5) ≈ 0.01.

These numbers, multiplied by a Wbb̄ +X cross section of 19.9 pb [6] and by the survival probabilities for Zbb̄,
result in an expectation of 8 × 10−7 pb and 4 × 10−5 pb for Methods A and B respectively (i.e. 8 × 10−6 and
4 × 10−4 events after 10 pb−1).

Thus we decide to neglect both Wbb̄ and Zbb̄ in the following.

7 Systematic Uncertainties
7.1 Monte Carlo statistics
The effect of the finite statistics of our MC samples is visible in the first row of Tables 4 and 6 (for Method A and
B respectively).

7.2 Background normalization
We conservatively apply a 100% uncertainty on all the backgrounds (with the exception of “Other tt̄”, since its
normalization is the same as the signal, being negligible the uncertainty on the branching ratios of theW ) although
the theoretical uncertainty on W/Z + jets is much smaller [18]. But it has to be remarked that in the present
analysis we are not properly considering, for lack of samples, the heavy flavour component of jets.

The effect can be seen in the second row of Tables 4 and 6 (for Method A and B respectively).

7.3 QCD contamination
In Sec. 5 we estimated the number of QCD events surviving the lepton selections of Method A and B by a factor-
ization of the cuts. For the computation of the significance we decided to set Nqcd to 0, since no events survive in
our Monte Carlo, but to conservatively consider ∆Nqcd equal to the sum of events in Tables 8 and 9 (for Method
A and B respectively.)

8 Results
The final variables are the dileptonic invariant mass (Meµ) in the Method A and the number track-jets (kT algo-
rithm, D parameter equals to 0.7) with ET higher than 20 GeV per event in the Method B. These variables, and
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the pseudo-experiment data for 10 pb−1, are shown in Fig. 7.

No cut is applied on Meµ, while the requirement of at least two track-jets is part of the Method B selection. The
events with 0 and 1 track-jets will be used for background control.

The final significances with and without systematic uncertainties, as a function of integrated luminosity, are shown
in Figs. 3 and 8 for Methods A and B respectively.

9 Robustness tests
9.1 Sensitivity to misalignment and miscalibration
In order to test the robustness of our selections against different detector conditions, we run on the CSA07 Chowder
soup with a 10 pb−1 detector scenario. Since a particular concern is the effect of misalignment on Method B, where
tracks are of paramount importance, Fig. 9 and Fig. 10 compare, respectively, the number of tracks and the number
of track-jets, i.e. the selection variables specific of Method B, between the two scenarios. Table 14 shows the
difference in efficiency for both Methods. The conclusion is that in both Methods A and B an effect is visible, but
not such to endanger the isolation of a clear signal.

9.2 Sensitivity to lepton and charged track momentum scale
We apply independently a 5% variation on the pT of electrons, muons and other charged tracks. This number is
expected to be much larger than the actual uncertainties at start-up.

The result of this exercise can be found in Table 15 for both Methods A and B. The lesson learnt is that these two
analyses don’t seem to depend very critically on the momentum scales of the physics objects.

10 Conclusions
In this note we explore two simple analysis methods that can be used to identify top pair events in the first CMS
data.

Our preliminary results seem to indicate that an evidence at ≈ 4 − 5 σ can be reached after 10 pb−1 with our
Methods A and B (based, respectively, on lepton identification only, and on the use of Tracker-based variables),
plateauing at around 7 σ and 8.5 σ for Method A and B respectively. These numbers have to be seen just as rough
indications, since many important elements are missing (see next subsection for a list of what we believe are the
most important).

It has to be kept in mind that 1 pb−1 can be collected in roughly one week at a luminosity of 1030 cm−2s−1, and
in one day at 1031 cm−2s−1.

10.1 What is missing
We consider this note simply as a step towards the preparation to a complete analysis. The most important missing
elements, in our view, are:

• a proper simulation of the heavy flavour component in the backgrounds, namely the inclusion of WQQ̄
samples (Q = b, c), with of course a proper treatment of the double counting with respect to the W + jets
samples;

• a study of systematic effects of physical origin: most MC parameters come from fits to data at lower energy,
and have very large uncertainty at 14 TeV at the start-up, before detailed studies are able to constrain them
from LHC data; in particular we would like to estimate the sensititivity of our analysis strategies to the
Underlying Event modeling;

• although a constant assumption throughout this note has been that pile-up will be negligible during this early
phase, it is nevertheless possible that a relatively high instantaneous luminosity will be reached soon enough
to have to deal with pile-up already in the analysis of the first inverse picobarns; we note that our Method B
can be easily made robust against pile-up, by two means:
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– the introduction of a primary vertex constraint in the track selection;
– the use of a feature of the FastJet algorithms, which permits to estimate and subtract pile-up (as well

as contributions from Underlying Event processes) on an event-by-event basis (see Ref. [23]).
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Table 1: Monte Carlo samples used in this note.

Process Dataset Scenario Nevt

W + jets
Z + jets /CSA07Muon/CMSSW 1 6 7-CSA07-Chowder-A1-PDMuon-ReReco-startup-Skims4-topDiLeptonMuonX/USER 0 pb−1 71715
tt̄+ jets

B/B̄ → J/ψ
QCD

Bottomonium /CSA07Muon/CMSSW 1 6 7-CSA07-Stew-A1-PDMuon-ReReco-startup-Skims4-topDiLeptonMuonX/USER 0 pb−1 16594
Charmonium
e/µ enriched
WW incl. /WW incl/CMSSW 1 6 7-CSA07-1198096665/AODSIM 100 pb−1 744261
WZ incl. /WZ incl/CMSSW 1 6 7-CSA07-1198096684/AODSIM 100 pb−1 362291
ZZ incl. /ZZ incl/CMSSW 1 6 7-CSA07-1198096655/AODSIM 100 pb−1 143113
W + jets
Z + jets /CSA07Muon/CMSSW 1 6 7-CSA07-Chowder-P1-PDMuon-Skims4-topDiLeptonMuonX/USER 10 pb−1 725296
tt̄+ jets
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Table 2: Definition of the “robust” cuts for electron identification for electrons in barrel (|η| < 1.479) and in the endcap
(|η| > 1.479) of the ECAL, from Ref. [11].

Cut ECAL barrel ECAL endcaps
H/E < 0.115 < 0.150
σηη < 0.0140 < 0.0275

|∆ηin| < 0.090 < 0.092
|∆φin| < 0.0090 <0.0105
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Table 3: Visible cross sections (in pb) after preselection and lepton selection in Method A. The uncertainties are only statistical. The HLT bits considered are listed in Sec. 3, and are already
applied in the skim for Chowder samples.

Dilept. tt̄ Other tt̄ WW WZ ZZ W + jets Z + jets “Stew”
No selection: 10.28 (NLO) 822.7 (NLO) 114.3 (LO) 49.9 (LO) 16.1 (LO) 61.4 × 103 (NLO) 5.3 × 103 (NLO) -

skim & preselection: 7.53 ± 0.18 0.07 ± 0.02 0.99 ± 0.04 0.14 ± 0.01 0.032 ± 0.006 0.88 ± 0.10 6.95 ± 0.31 0.013 ± 0.007
HLT: - - 0.84 ± 0.03 0.13 ± 0.01 0.029 ± 0.006 - - -

tight lepton selection: 3.168±0.117 0.004±0.004 0.31±0.02 0.041±0.006 0.011±0.003 0.029±0.017 0.106±0.034 0.004±0.004
double-counting removal: 3.160±0.117 0 0.31±0.023 0.039±0.006 0.011±0.003 0.020±0.014 0.044±0.023 0.004±0.004
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Table 4: Statistical error (MC) and background normalization error after Method A selection.

signal W + jets Z + jets WW WZ ZZ Other tt̄ “Stew”
∆NMC/N 3.7% 85% 77% 7.4% 15% 29% - -
∆Nnorm/N 0 100% 100% 100% 100% 100% 0 100%
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Table 5: Visible cross-section (in pb) after the cuts in Method B. The uncertainties are only statistical.

Dilept. tt̄ Other tt̄ WW WZ ZZ W + jets Z + jets “Stew”
lepton selection: 6.520±0.168 0.022±0.010 0.71±0.03 0.097±0.010 0.020±0.005 0.312±0.061 2.608±0.190 0.004±0.004

double-counting removal: 6.508±0.168 0.017±0.009 0.70±0.03 0.094±0.010 0.020±0.005 0.303±0.060 1.614±0.151 0.004±0.004
Ntrk ≥ 2 5.982±0.161 0.017±0.009 0.18±0.02 0.040±0.006 0.019±0.005 0.033±0.019 0.255±0.052 0.004±0.004

Ntrk−jets ≥ 2 4.833±0.145 0.013±0.008 0.043±0.008 0.024±0.005 0.011±0.003 0 0.095±0.030 0
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Table 6: Statistical error (MC) and background normalization error after Method B selection.

signal W + jets Z + jets WW WZ ZZ Other tt̄ “Stew”
∆NMC/N 1.6% - 26% 17% 15% 31% 48% -
∆Nnorm/N 0 100% 100% 100% 100% 100% 0 100%

Table 7: Samples used in the QCD factorization study.

p̂T Dataset cross-section (pb) Nevt

15-20 /QCD Pt 15 20/CMSSW 1 5 2-CSA07-2026/GEN-SIM-DIGI-RECO 1.46 109 1.31 106

20-30 /QCD Pt 20 30/CMSSW 1 5 2-CSA07-2162/GEN-SIM-DIGI-RECO 630 106 2.055 106

30-50 /QCD Pt 30 50/CMSSW 1 5 2-CSA07-2048/GEN-SIM-DIGI-RECO 163 106 1.315 106

50-80 /QCD Pt 50 80/CMSSW 1 5 2-CSA07-2049/GEN-SIM-DIGI-RECO 21.6 106 0.95 106

80-120 /QCD Pt 80 120/CMSSW 1 5 2-CSA07-2027/GEN-SIM-DIGI-RECO 3.08 106 0.725 106

120-170 /QCD Pt 120 170/CMSSW 1 5 2-CSA07-2171/GEN-SIM-DIGI-RECO 494 103 1.27 106

170-230 /QCD Pt 170 230/CMSSW 1 5 2-CSA07-2069/GEN-SIM-DIGI-RECO 101 103 1.04 106

230-300 /QCD Pt 230 300/CMSSW 1 5 2-CSA07-2050/GEN-SIM-DIGI-RECO 24.5 103 0.82 106

300-380 /QCD Pt 300 380/CMSSW 1 5 2-CSA07-2061/GEN-SIM-DIGI-RECO 6.24 103 1.29 106

380-470 /QCD Pt 380 470/CMSSW 1 5 2-CSA07-2172/GEN-SIM-DIGI-RECO 1.78 103 1 106

470-600 /QCD Pt 470 600/CMSSW 1 5 2-CSA07-2096/GEN-SIM-DIGI-RECO 683 1.025 106

600-800 /QCD Pt 600 800/CMSSW 1 5 2-CSA07-2097/GEN-SIM-DIGI-RECO 204 0.7 106

800-1000 /QCD Pt 800 1000/CMSSW 1 5 2-CSA07-2028/GEN-SIM-DIGI-RECO 35.1 0.885 106

- /bb1j-alpgen/CMSSW 1 6 7-CSA07-1205618198/RECO 280 103 1.024 106

Table 8: Results of the factorization method on QCD, for Method A lepton selection. Results are expressed in terms of visible
cross section (pb).

p̂T εe εµ εe × εµ εeµ σevt(e× µ) σevt(eµ)
15-20 <7.63×10−7 7.63×10−7 <8.24×10−13 <7.63×10−7 <1.2×10−3 <1.11×103

±7.63×10−7

20-30 <4.87×10−7 3.41×10−6 <1.77×10−12 <4.87×10−7 <1.12×10−3 <3.07×102

±1.29×10−6

30-50 3.8×10−6 4.56×10−6 1.73×10−11 <7.6×10−7 2.83×10−3 <1.24×102

±1.7×10−6 ±1.86×10−6 ±1.05×10−11 ±1.71×10−3

50-80 4.74×10−5 6.32×10−6 2.99×10−10 <1.05×10−6 6.46×10−3 <22.7
±7.06×10−6 ±2.58×10−6 ±1.3×10−10 ±2.81×10−3

80-120 4.55×10−5 1.52×10−5 6.91×10−10 <1.38×10−6 2.13×10−3 <4.25
±7.92×10−6 ±4.57×10−6 ±2.4×10−10 ±0.74×10−3

120-170 4.65×10−5 1.1×10−5 5.12×10−10 <7.87×10−7 2.53×10−4 <0.39
±6.05×10−6 ±2.95×10−6 ±1.52×10−10 ±0.75×10−4

170-230 4.81×10−5 1.54×10−5 7.4×10−10 <9.62×10−7 7.47×10−5 <9.7×10−2

±6.8×10−6 ±3.85×10−6 ±2.12×10−10 ±2.15×10−5

230-300 5.0×10−5 7.32×10−6 3.66×10−10 <1.22×10−6 8.96×10−6 <3.0×10−2

±7.81×10−6 ±2.99×10−6 ±1.6×10−10 ±3.92×10−6

300-380 6.74×10−5 1.09×10−5 7.32×10−10 <7.75×10−7 4.57×10−6 <4.84×10−3

±7.23×10−6 ±2.9×10−6 ±2.11×10−10 ±1.32×10−6
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Table 9: Results of the factorization method on QCD, for Method B lepton selection. Results are expressed in terms of visible
cross section (pb).

p̂T εe εµ εe × εµ εeµ σevt(e× µ) σevt(eµ)
15-20 3.05×10−6 1.53×10−6 4.66×10−12 <7.63×10−7 6.81×10−3 <1.11×103

±1.53×10−6 ±1.08×10−6 ±4.04×10−12 ±5.89×10−3

20-30 6.81×10−6 4.38×10−6 2.98×10−11 <4.87×10−7 1.88×10−2 <3.07×102

±1.82×10−6 ±1.46×10−6 ±1.27×10−11 ±0.80×10−2

30-50 6.31×10−5 1.9×10−5 1.2×10−9 <7.6×10−7 0.20 <1.24×102

±6.93×10−6 ±3.8×10−6 ±2.74×10−10 ±0.04
50-80 1.6×10−4 3.26×10−5 5.22×10−9 <1.05×10−6 0.11 <22.7

±1.3×10−5 ±5.86×10−6 ±1.03×10−9 ±0.02
80-120 1.27×10−4 3.86×10−5 4.9×10−9 <1.38×10−6 1.51×10−2 <4.25

±1.32×10−5 ±7.3×10−6 ±1.06×10−9 ±0.33×10−2

120-170 1.17×10−4 2.6×10−5 3.03×10−9 7.87×10−7 1.5×10−3 0.39
±9.58×10−6 ±4.52×10−6 ±5.83×10−10 ±7.87×10−7 ±0.29×10−3 ±0.39

170-230 1.17×10−4 4.42×10−5 5.19×10−9 <9.62×10−7 5.24×10−4 <9.71×10−2

±1.06×10−5 ±6.52×10−6 ±8.98×10−10 ±0.91×10−4

230-300 1.3×10−4 2.44×10−5 3.18×10−9 <1.22×10−6 7.8×10−5 <2.99×10−2

±1.26×10−5 ±5.45×10−6 ±7.75×10−10 ±1.9×10−5

300-380 1.29×10−4 3.26×10−5 4.19×10−9 <7.75×10−7 2.61×10−5 <4.84×10−3

±9.99×10−6 ±5.02×10−6 ±7.24×10−10 ±0.45×10−5

Table 10: Results of the factorization method on bb̄ + 1jet, for Method A and Method B lepton selections. Results are
expressed in terms of visible cross section (pb).

εe εµ εe × εµ εeµ Nevt(e× µ) Nevt(eµ)
Method A 1.056×10−5 4.416×10−5 4.662×10−10 <2.21×10−6 1.31×10−4 <0.618

±3.18×10−6 ±6.51×10−6 ±2.09×10−10 ±5.86×10−5

Method B 1.583×10−4 5.789×10−4 9.168×10−8 <2.21×10−6 0.026 <0.618
±1.23×10−5 ±2.36×10−5 ±1.09×10−8 ±3.04×10−3

Table 11: Visible cross section (in pb) for the µ-enriched QCD sample (pµ,gen

T > 20 GeV, p̂T > 15 GeV).

Preselection: 20.0±1.5
Method A

tight lepton selection: 0 (< 0.26 95% CL)
double-counting removal: 0 (< 0.26 95% CL)

Method B
lepton selection: 1.5± 0.4

double-counting removal: 1.4±0.4
Ntrk ≥ 2 1.3±0.4

Ntrk−jets ≥ 2 0.23±0.16
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Table 12: Monte Carlo samples for ZQQ̄ processes.

Process Dataset cross-section (pb) Nevt

Zbb̄0j /zbb0j-alpgen/CMSSW 1 6 7-CSA07-1204273917/RECO 1.66 5123
Zbb̄1j /zbb1j-alpgen/CMSSW 1 6 7-CSA07-1204133697/RECO 0.29 5339
Zbb̄2j /zbb2j-alpgen/CMSSW 1 6 7-CSA07-1204133588/RECO 0.05 4767
Zbb̄3j /zbb3j-alpgen/CMSSW 1 6 7-CSA07-1204525182/RECO 0.01 9194
Zcc̄0j /zcc0j-alpgen/CMSSW 1 6 7-CSA07-1204525123/RECO 1.43 5280
Zcc̄1j /zcc1j-alpgen/CMSSW 1 6 7-CSA07-1204273971/RECO 0.24 5583
Zcc̄2j /zcc2j-alpgen/CMSSW 1 6 7-CSA07-1204274023/RECO 0.04 4223
Zcc̄3j /zcc3j-alpgen/CMSSW 1 6 7-CSA07-1205410444/RECO 0.01 5993

Table 13: Visible cross section (in pb) for the ZQQ̄ + jets samples.

Zbb̄0j Zbb̄1j Zbb̄2j Zbb̄3j

No selection: 1.66 0.29 0.05 0.01
Method A: 0 0 0 (1±1)×10−6

Method B: (3 ±3)×10−4 (5±5)×10−5 (1±1)×10−5 (1±1)×10−6

Zcc̄0j Zcc̄1j Zcc̄2j Zcc̄3j

No selection: 1.43 0.24 0.04 0.01
Method A: 0 0 0 (1.7±1.7)×10−6

Method B: 0 (4±4)×10−5 (1.9±1.3)×10−5 (3.3±2.4)×10−6

Table 14: Visible cross section (in pb) for the Chowder sample with 10 pb−1 detector conditions, compared to 0 pb−1.

Method A 10 pb−1 scenario 0 pb−1 scenario
Signal 3.292 ± 0.038 3.160 ± 0.117

W + jets 0.050 ± 0.008 0.020 ± 0.014
Z + jets 0.046 ± 0.007 0.044 ± 0.023
Other tt̄ 0.005 ± 0.002 0

Method B 10 pb−1 scenario 0 pb−1 scenario
Signal 4.334 ± 0.043 4.833 ± 0.145

W + jets 0.022 ± 0.005 0
Z + jets 0.103 ± 0.010 0.095 ± 0.030
Other tt̄ 0.026 ± 0.003 0.013 ± 0.145

Table 15: Sensitivity of the selection efficiencies to a ±5% momentum rescaling for electrons, muons and generic charged
tracks.

method A DiLept. tt̄ Other tt̄ WW WZ ZZ W + jets Z + jets QCD Other “Stew”
electron: 2.5% 0.0% 3.3% 1.2% 0.0% 28.3% 17.5% 0.0% 0.0%
muon: 1.6% 0.0% 3.1% 6.1% 5.0% 0.0% 17.5% 0.0% 50.0%
track: 0.3% 0.0% 0.2% 0.0% FIXME 0.0% 0.0% 0.0% 0.0%

method A DiLept. tt̄ Other tt̄ WW WZ ZZ W + jets Z + jets QCD Other “Stew”
electron: 1.3% 17.6% 1.3% 0.0% 5.0% 0.0% 5.5% 0.0% 0.0%
muon: 1.0% 17.6% 0.0% 6.2% 0.0% 0.0% 5.5% 0.0% 0.0%
track: 1.8% 0.0% 9.2% 6.2% FIXME 0.0% 4.2% 0.0% 0.0%
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Figure 1: Distribution of transverse momentum for the electron candidate (left) and the muon candidate (right), after preselec-
tion. The distributions are normalised to 10 pb−1 .
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Figure 3: Signal significance for Method A, as a function of integrated luminosity, with and without systematic uncertainties.
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Figure 4: Aplanarity, sphericity, circularity, centrality, number of tracks with pT > 5 GeV,
∑

trk
pT , after the leptonic

selection of Method B. All distributions are normalised to 10 pb−1.
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Method B. The normalization is arbitrary.
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Figure 6: Distribution of pT for the first (left) and second (right) track-jets, after leptonic and topological selection, for the kT
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with pseudo-experiment data, superimposed to MC expectation for signal and background. Method A (left): the reconstructed
dileptonic mass. Method B (right): the number of track-jets with pT > 20 in the kT (fastjet) algorithm, with the D = 0.7.
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Figure 8: Signal significance for Method B, as a function of integrated luminosity, with and without systematic uncertainties.
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Figure 9: Number of tracks with pT > 5 GeV for Chowder samples in the “0 pb−1” (left) and “10 pb−1” (right) scenarios.
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Figure 10: Number of track-jets with pT > 20 GeV for Chowder samples in the “0 pb−1” (left) and “10 pb−1” (right)
scenarios.
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