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Data-driven Methods for 
TTbar background estimation 

CMS AN 2008/046

• n1 : one b-tagged jet
• n2 : two b-tagged jets
• A1 : Geometrical acceptances for one b-quark(from Monte Carlo)

• A2 :  Geometrical acceptances for two b-quark (from Monte Carlo)

• Nttbar : Total number of ttbar events
• εb :  b-tagging efficiency

n1 = Ntt̄A1εb + 2Ntt̄A2εb(1 − εb)

n2 = Ntt̄A2ε
2
b (1)

where εb is the b-tagging efficiency, A1 and A2 are the geometrical acceptances for exacly one b-quark or two
b-quark and are determined from the Monte Carlo.
Once that the number of events n1 and n2 of the differently b-tagged samples are measured, the system of Eq. 1
can be solved and the two unknowns quantities, i.e. the b-tagging efficiency and the total number of tt̄ events, can
be extracted.
This method has been applied to a sample of tt̄ events satisfying all the trigger, electron identification and isola-
tion and kinematic selections that are defining ourW′ → eν sample. We used the same parameters proposed by
the HEEP group to identify b-jets: the b-tagged jets are reconstructed among IterativeCone5CaloJets without any
energy correction, with |η| <2.4 and pT

jet >20 GeV; the b-tagging algorithm is based on the jetProbabilityJetTags
and the discriminant is required to be above 0.7.
After all selections, the number of events for an integrated luminosity of 100 pb−1 with exacly one b-tagged
jet is n1 = 431 and n2=74. The values of the acceptances determined from the Monte Carlo simulation are
A1 =0.16±0.012 and A2 =0.829±0.012. As follows from Eq. 1, the b-tagging efficieny is ε =0.281±0.041;
the estimated number of tt̄ events is 1136±277 (from the one b-tagged sample), to be compared to the real number
of events which is 1132. The good agreement is also shown in Fig. 14, where the electron transverse energy and
the transverse mass spectra for tt̄ events are compared to the estimation obtained from the sample with exacly one
b-tagged jet and the one with two b-tagged jets.
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Figure 14: Electron transverse energy (left) and transverse mass (right) distributions of tt̄ events selected after all
the selections defined forW ′ → eν searches are applied. The true distribution (full histogram) is compared to the
prediction obtained using the method described in the text.

tt̄ only All events
n1 431 519
n2 74 74
εb 0.281 ± 0.041 0.243± 0.035
Ntt̄ (1-b) 1136 ± 277 1509 ± 358
Ntt̄ (2-b) 1136 ± 359 1509 ± 454
True Ntt̄ 1132 1132

Table 5: Estimation of the number of tt̄ events. The results obtained using a sample of tt̄ events only (second
column) are compared to those from a more realistic sample containing alsoW → eν events (last column).
We tried to test this method using a more realistic data sample that includes also non-tt̄ events (e.g. W+jets,....),
in order to check if the purity of the selected control sample is sufficient to provide an unbiased estimation of the
tt̄ background. In particular, the effect of adding W → eν events has been considered. We found that after all
the selections the sample with extacly one b-tagged jet is contamined in a non-negligible way byW → eν events
(see Fig 15), leading to a small bias in the estimation of the number of tt̄ expected. The number of events n1 and
n2, the resulting value extracted for εb and the estimated number of tt̄ events are summarized in Table 5 in the two
cases, with tt̄ only and with the contribution from W included.
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11 Background estimation from b-tagged events
11.1 Introduction
Since it appears likely that there will be some tt̄ contribution to the HEEP sample, we sought a data-based means
of estimating this background. Given the expected size of the contribution, a very precise estimate will not be
required, nor do we wish to study (and estimate backgrounds to) other samples such as would be required for the
so called e − µ method8).

We have thus developed a robust method using b-tagging to estimate the tt̄ contribution to the HEEP sample which
can be performed using the HEEP sample itself. Our method is robust, despite the use of b-tagging. This is because
we do not rely upon a detailed understanding of the b-tagging efficiency of a particular algorithm (and hence are
free to use any that is available at startup) but rather employ a self-determining strategy, as will be explained in the
following subsections, to extract the b-tagging efficiency from the HEEP sample.

11.2 Estimating tt̄ with b Tagging
Top quarks decay by t → bW with almost certainty. Onemay take advantage of this fact to estimate the background
from tt̄ events to leptonic selection by counting events where a b quark was produced. Experimentally b quarks
are identified by assigning a discriminating value to jets found in the detector based on criteria which distinguish
jets originating from b quarks from light quarks. Jets are referred to as tagged if they posses a discriminating value
above an appropriate threshold.

11.2.1 Method
The true number of tt̄ events containing exactly one b quark within the geometric acceptance of the detector and
exactly two tagged jets within the same acceptance are denoted N1 and N2. These are related to the observed
numbers of events, n1 and n2, through the efficiency with which a jet originating from a b quark is reconstructed
and tagged, εb. To measure the efficiency accurately the samples n1 and n2 must be of equivalent purity. This
requirement is addressed in Subsection 11.2.2.

n1 = N1εb + 2N2εb(1 − εb) (10)
n2 = N2ε

2
b (11)

To determine the value of εb the unknown values of N1 and N2 can be eliminated by relating each to the true
number of tt̄ events, N , through the geometric acceptance for exactly one and exactly two b quarks respectively
A1 and A2 in the case the W bosons decay to the appropriate lepton flavor. The values of these acceptances must
be determined from Monte Carlo simulation of tt̄ production and decay.

N1 = N · A1 (12)
N2 = N · A2 (13)

Eliminating the unknowns, the value of εb is related to the observed numbers of events through Equation 14 which
has the uncertainty given by Equation 15.

εb =
(A1/A2 + 2)

(n1/n2 + 2)
(14)

δεb

εb
=

√

(

δA1

A1

)2

+

(

δA2

A2

)2

+

(

δn1

n1

)2

+

(

δn2

n2

)2

(15)

8) This method, being developed in collaboration with the dimuon analysis, uses tt̄ → bb̄e±µ∓ν̄µνe events to estimate the
contribution to both the dielectron and dimuon samples. It therefore requires an understanding of the e − µ sample (e.g.
backgrounds such asW → µν + jets where a jet fakes an electron must be evaluated).

30

A1/2 = n1/2 / N
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Data-driven Methods for 
TTbar background estimation 

CMS AN 2008/046

• Electron

• All the trigger, electron identification and isolation and kinematic 
selctions that are defining W’->enu sample

• b-jets

• Parameters proposed by the HEEP group, 

• |η| <2.4,    pTjet > 20 GeV,  

• jetProbabilityBJetTags (B-jet Discriminator algorithm) > 0.7
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Data-driven Methods for 
TTbar background estimation 

CMS AN 2008/046

• Other possible sources of contamination by 
non-ttbar events are expected to be largely 
suppressed already by the events selections

EX) 
Di-jet with one fake electron, 
One fake b-tag, 
Wbb,    W’bb, 
W+fake b-tag,    W’+fake b-tag, 
W’->tb,   single top
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Figure 15: Transverse mass distribution of events selected with exacly one b-tagged jet.
The possibility to tighten up the selections in order to define a sample with higher purity for the determination of
the b-tagging efficiency has been investigated. At this purpose, events with transverse mass between 60 GeV and
100 GeV, where the bulk ofW → eν events lies, are removed . After the mass cut the residual W contamination is
below 10%. Other possible sources of contamination by non-tt̄ events (e.g.: di-jets with one fake electron and one
fake b-tag,Wbb,W’bb,W + fake b-tag,W’ + fake b-tag,W’→tb, single top) in the single b-tag sample are expected
to be largely suppressed already by the events selections. The resulting b-tagging efficiency is εb=0.240±0.047,
which is comparable within the errors to the efficiency determined from the tt̄ only sample. Using this value
for the efficiency, the estimation of tt̄ events has been repeated on the sample containing both tt̄ and W → eν
events. The results are listed in Table 6 for the full transverse mass range and for the high transverse mass region
MT > 150 GeV. The estimated Nt̄t and b-tagging efficiency are in agreement with the values of the Monte
Carlo simulation. This estimate is dominated by the statistical uncertainty (∼ 30 % for an integrated luminosity
of 100 pb−1). Fig. 16 shows the transverse mass distribution in tt̄ events from the simulation compared to our
estimation, where the 1-b and 2-bMT spectra are scaled accordingly to the numberNt̄t of t̄t events extracted using
the described method. The good agreement suggests that the assumption of a b-tagging efficiency independent of
the transverse mass range is not introducing biases. The validity of this assumption will have to be checked in real
data.
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Figure 16: Electron transverse energy (left) and transverse mass (right) distributions of tt̄ events selected after
all the selections defined forW ′ → eν searches are applied on a sample of events containing both tt̄ and W →
eν(+jets) events. The true distributions (full histogram) are compared to the prediction obtained from the one
b-tagged and two b-tagged control samples.

All events, All events,
fullMT range MT > 150 GeV

Ntt̄ (1-b) 1525± 474 229 ± 71
Ntt̄ (2-b) 1554± 635 256 ± 104
True Ntt̄ 1132 216

Table 6: Number of tt̄ events estimated using one b-tagged and two b-tagged control samples.
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After the mass cut the residual W 
contamination is below 10%

TTbar + W->enu

εb = 0.240 ± 0.047
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CMSSW Environments

• CMSSW_2_2_6

• Physics Analysis Tools : PAT

• DATA : 
CMSSW_2_2_10-RelValTTbar-GEN-SIM-RECO-IDEAL_V12_v1
Total 9000Events. Cross section = 2.007E-7

process.myanalysis = cms.EDAnalyzer('WprimeAnalyzerPAT',

                         electronTag = cms.InputTag("allLayer1Electrons"),
                         jetTag      = cms.InputTag("allLayer1Jets"),
                         metTag      = cms.InputTag("allLayer1METs"),
                         TriggerResults = cms.InputTag("TriggerResults","","HLT"),

                         ## for BJetTags
                         jetPtCut = cms.untracked.double(20.),
                         jetEtaCut = cms.untracked.double(2.4),
                                    
                         barrelCuts = cms.PSet(heepBarrelCuts),
                         endcapCuts = cms.PSet(heepEndcapCuts)
                            
                         )
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B-Jet Tags selections 
(B-Jet Tags algorithms)

• B- tag alorithms

- Track Counting algorithm

- Jet Probability algorithm

- “Soft Muon” and “soft Electron” algorithm

- “Combined Secondary Vertex” algorithm

1 Introduction
The identification of jets containing quarks relies on the properties of B hadrons decays. B hadrons have a
lifetime ps, which corresponds to a m, and they produce, on average, 5 charged particles
per decay.

Lifetime information can be exploited in different ways. This note addresses methods based on tracks with large
impact parameters. As shown in Fig. 1, tracks originating from B decays have large impact parameters since
they come from a displaced vertex, while the impact parameters of tracks coming from the primary vertex are
compatible with the tracking resolution. A complementary approach based on the reconstruction of secondary
vertices is not investigated here.

point

B

Jet direction

impact
parameter

decay

Figure 1: Representation (not to scale) of an hadronic jet originating from a -quark.

The performance of algorithms based on impact parameter tagging is limited by inefficiencies in track reconstruc-
tion, experimental resolution of track parameters, and the efficiency to reconstruct the primary vertex. An efficient
and precise tracking system is therefore mandatory, especially close to the interaction point. Similarly, a very
detailed understanding of track reconstruction is required in order to optimise the selection of good, high quality
tracks.

The mistagging rate for these algorithms is mainly due to secondary interactions and decays of long-lived particles.
Secondary interactions with the tracker material can provide secondary vertices and thus tracks with large impact
parameters. Long-lived particles, such as , and especially charm hadrons can provide real significantly
displaced decay vertices which therefore constitute a potentially irreducible background.

At the LHC the presence of pile-up events, superimposed on the hard scattering event, results in an additional
mistag contribution if pile-up tracks are selected.

This note is organised as follows. Section 2 describes the track quality selection criteria and the jet and primary ver-
tex reconstruction that are used in the algorithms. Section 3 describes the track impact parameter computation. The
track counting and probability algorithms are described in Sect. 4 and 5. The performance of the algorithms with
an ideal detector are then shown in Section 6, while the corresponding results for the case of realistic misalignment
scenarios are shown in Section 7. Finally, a summary is given in Sect. 8.

2 Reconstruction
The algorithms that will described in this note are intended for use with jets. Jet reconstruction is performed with
the default iterative cone algorithm [4], with a cone size of 0.5. The jet direction approximates the B hadron
direction and, as will be explained in Section 3, is used to provide a sign to the track impact parameter. For low
energy jets, the direction obtained from calorimeter information badly reproduces the B flight direction but can be
improved by using the direction defined by the vector sum of the momenta of the charged tracks associated to the
jet.

Another important ingredient is the determination of the hard collision vertex, hereafter referred as the primary
vertex, especially when pile-up events are present. The primary vertex is reconstructed event by event by using the
Principal Vertex Finder algorithm described in [6].

Tracks are reconstructed with the Combinatorial Track Finder [5] for the full event (in High Level Trigger usage
only a regional reconstruction around the jet direction is performed [7]) and then associated to the jet with a simple

1

Reference Twiki Page 
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n1 = Ntt̄A1εb + 2Ntt̄A2εb(1 − εb)

n2 = Ntt̄A2ε
2
b (1)

where εb is the b-tagging efficiency, A1 and A2 are the geometrical acceptances for exacly one b-quark or two
b-quark and are determined from the Monte Carlo.
Once that the number of events n1 and n2 of the differently b-tagged samples are measured, the system of Eq. 1
can be solved and the two unknowns quantities, i.e. the b-tagging efficiency and the total number of tt̄ events, can
be extracted.
This method has been applied to a sample of tt̄ events satisfying all the trigger, electron identification and isola-
tion and kinematic selections that are defining ourW′ → eν sample. We used the same parameters proposed by
the HEEP group to identify b-jets: the b-tagged jets are reconstructed among IterativeCone5CaloJets without any
energy correction, with |η| <2.4 and pT

jet >20 GeV; the b-tagging algorithm is based on the jetProbabilityJetTags
and the discriminant is required to be above 0.7.
After all selections, the number of events for an integrated luminosity of 100 pb−1 with exacly one b-tagged
jet is n1 = 431 and n2=74. The values of the acceptances determined from the Monte Carlo simulation are
A1 =0.16±0.012 and A2 =0.829±0.012. As follows from Eq. 1, the b-tagging efficieny is ε =0.281±0.041;
the estimated number of tt̄ events is 1136±277 (from the one b-tagged sample), to be compared to the real number
of events which is 1132. The good agreement is also shown in Fig. 14, where the electron transverse energy and
the transverse mass spectra for tt̄ events are compared to the estimation obtained from the sample with exacly one
b-tagged jet and the one with two b-tagged jets.
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Figure 14: Electron transverse energy (left) and transverse mass (right) distributions of tt̄ events selected after all
the selections defined forW ′ → eν searches are applied. The true distribution (full histogram) is compared to the
prediction obtained using the method described in the text.

tt̄ only All events
n1 431 519
n2 74 74
εb 0.281 ± 0.041 0.243± 0.035
Ntt̄ (1-b) 1136 ± 277 1509 ± 358
Ntt̄ (2-b) 1136 ± 359 1509 ± 454
True Ntt̄ 1132 1132

Table 5: Estimation of the number of tt̄ events. The results obtained using a sample of tt̄ events only (second
column) are compared to those from a more realistic sample containing alsoW → eν events (last column).
We tried to test this method using a more realistic data sample that includes also non-tt̄ events (e.g. W+jets,....),
in order to check if the purity of the selected control sample is sufficient to provide an unbiased estimation of the
tt̄ background. In particular, the effect of adding W → eν events has been considered. We found that after all
the selections the sample with extacly one b-tagged jet is contamined in a non-negligible way byW → eν events
(see Fig 15), leading to a small bias in the estimation of the number of tt̄ expected. The number of events n1 and
n2, the resulting value extracted for εb and the estimated number of tt̄ events are summarized in Table 5 in the two
cases, with tt̄ only and with the contribution from W included.
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where εb is the b-tagging efficiency, A1 and A2 are the geometrical acceptances for exacly one b-quark or two
b-quark and are determined from the Monte Carlo.
Once that the number of events n1 and n2 of the differently b-tagged samples are measured, the system of Eq. 1
can be solved and the two unknowns quantities, i.e. the b-tagging efficiency and the total number of tt̄ events, can
be extracted.
This method has been applied to a sample of tt̄ events satisfying all the trigger, electron identification and isola-
tion and kinematic selections that are defining ourW′ → eν sample. We used the same parameters proposed by
the HEEP group to identify b-jets: the b-tagged jets are reconstructed among IterativeCone5CaloJets without any
energy correction, with |η| <2.4 and pT

jet >20 GeV; the b-tagging algorithm is based on the jetProbabilityJetTags
and the discriminant is required to be above 0.7.
After all selections, the number of events for an integrated luminosity of 100 pb−1 with exacly one b-tagged
jet is n1 = 431 and n2=74. The values of the acceptances determined from the Monte Carlo simulation are
A1 =0.16±0.012 and A2 =0.829±0.012. As follows from Eq. 1, the b-tagging efficieny is ε =0.281±0.041;
the estimated number of tt̄ events is 1136±277 (from the one b-tagged sample), to be compared to the real number
of events which is 1132. The good agreement is also shown in Fig. 14, where the electron transverse energy and
the transverse mass spectra for tt̄ events are compared to the estimation obtained from the sample with exacly one
b-tagged jet and the one with two b-tagged jets.
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Figure 14: Electron transverse energy (left) and transverse mass (right) distributions of tt̄ events selected after all
the selections defined forW ′ → eν searches are applied. The true distribution (full histogram) is compared to the
prediction obtained using the method described in the text.

tt̄ only All events
n1 431 519
n2 74 74
εb 0.281 ± 0.041 0.243± 0.035
Ntt̄ (1-b) 1136 ± 277 1509 ± 358
Ntt̄ (2-b) 1136 ± 359 1509 ± 454
True Ntt̄ 1132 1132

Table 5: Estimation of the number of tt̄ events. The results obtained using a sample of tt̄ events only (second
column) are compared to those from a more realistic sample containing alsoW → eν events (last column).
We tried to test this method using a more realistic data sample that includes also non-tt̄ events (e.g. W+jets,....),
in order to check if the purity of the selected control sample is sufficient to provide an unbiased estimation of the
tt̄ background. In particular, the effect of adding W → eν events has been considered. We found that after all
the selections the sample with extacly one b-tagged jet is contamined in a non-negligible way byW → eν events
(see Fig 15), leading to a small bias in the estimation of the number of tt̄ expected. The number of events n1 and
n2, the resulting value extracted for εb and the estimated number of tt̄ events are summarized in Table 5 in the two
cases, with tt̄ only and with the contribution from W included.
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jetProbabilityBJetTags > 0.7   
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Electron selections using HEEP package

#include "SHarper/HEEPAnalyzer/interface/
HEEPEleSelector.h"

! !
!   //for HEEP selections
!   heep::EleSelector cuts_; 

!   
!   int elecCutCode = cuts_.getCutCode(eles[i]);
    
      //HEEP selections
      if(elecCutCode==0x0 && eles[i].classification()<100){ 

8
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ET & MT of selected electrons.
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1 b-tag 2 b-tag

n1 = 752 n2 = 182
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Summary & plan

• 1 b-jet and 2 b-jet tagging is done.

• 752, 182 electrons from 1 b-jet tags and 2 b-jet 
respectively   

• Need more statistics and find variables, such as b-
tagging efficiency,  Acceptances, etc.

•  Feedbacks from Wprime Group.

• Participation CMSSW 31X Background study
(october excercise) for Wprime grooup
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Backup
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n1 = Ntt̄A1εb + 2Ntt̄A2εb(1 − εb)

n2 = Ntt̄A2ε
2
b (1)

where εb is the b-tagging efficiency, A1 and A2 are the geometrical acceptances for exacly one b-quark or two
b-quark and are determined from the Monte Carlo.
Once that the number of events n1 and n2 of the differently b-tagged samples are measured, the system of Eq. 1
can be solved and the two unknowns quantities, i.e. the b-tagging efficiency and the total number of tt̄ events, can
be extracted.
This method has been applied to a sample of tt̄ events satisfying all the trigger, electron identification and isola-
tion and kinematic selections that are defining ourW′ → eν sample. We used the same parameters proposed by
the HEEP group to identify b-jets: the b-tagged jets are reconstructed among IterativeCone5CaloJets without any
energy correction, with |η| <2.4 and pT

jet >20 GeV; the b-tagging algorithm is based on the jetProbabilityJetTags
and the discriminant is required to be above 0.7.
After all selections, the number of events for an integrated luminosity of 100 pb−1 with exacly one b-tagged
jet is n1 = 431 and n2=74. The values of the acceptances determined from the Monte Carlo simulation are
A1 =0.16±0.012 and A2 =0.829±0.012. As follows from Eq. 1, the b-tagging efficieny is ε =0.281±0.041;
the estimated number of tt̄ events is 1136±277 (from the one b-tagged sample), to be compared to the real number
of events which is 1132. The good agreement is also shown in Fig. 14, where the electron transverse energy and
the transverse mass spectra for tt̄ events are compared to the estimation obtained from the sample with exacly one
b-tagged jet and the one with two b-tagged jets.
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Figure 14: Electron transverse energy (left) and transverse mass (right) distributions of tt̄ events selected after all
the selections defined forW ′ → eν searches are applied. The true distribution (full histogram) is compared to the
prediction obtained using the method described in the text.

tt̄ only All events
n1 431 519
n2 74 74
εb 0.281 ± 0.041 0.243± 0.035
Ntt̄ (1-b) 1136 ± 277 1509 ± 358
Ntt̄ (2-b) 1136 ± 359 1509 ± 454
True Ntt̄ 1132 1132

Table 5: Estimation of the number of tt̄ events. The results obtained using a sample of tt̄ events only (second
column) are compared to those from a more realistic sample containing alsoW → eν events (last column).
We tried to test this method using a more realistic data sample that includes also non-tt̄ events (e.g. W+jets,....),
in order to check if the purity of the selected control sample is sufficient to provide an unbiased estimation of the
tt̄ background. In particular, the effect of adding W → eν events has been considered. We found that after all
the selections the sample with extacly one b-tagged jet is contamined in a non-negligible way byW → eν events
(see Fig 15), leading to a small bias in the estimation of the number of tt̄ expected. The number of events n1 and
n2, the resulting value extracted for εb and the estimated number of tt̄ events are summarized in Table 5 in the two
cases, with tt̄ only and with the contribution from W included.
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11 Background estimation from b-tagged events
11.1 Introduction
Since it appears likely that there will be some tt̄ contribution to the HEEP sample, we sought a data-based means
of estimating this background. Given the expected size of the contribution, a very precise estimate will not be
required, nor do we wish to study (and estimate backgrounds to) other samples such as would be required for the
so called e − µ method8).

We have thus developed a robust method using b-tagging to estimate the tt̄ contribution to the HEEP sample which
can be performed using the HEEP sample itself. Our method is robust, despite the use of b-tagging. This is because
we do not rely upon a detailed understanding of the b-tagging efficiency of a particular algorithm (and hence are
free to use any that is available at startup) but rather employ a self-determining strategy, as will be explained in the
following subsections, to extract the b-tagging efficiency from the HEEP sample.

11.2 Estimating tt̄ with b Tagging
Top quarks decay by t → bW with almost certainty. Onemay take advantage of this fact to estimate the background
from tt̄ events to leptonic selection by counting events where a b quark was produced. Experimentally b quarks
are identified by assigning a discriminating value to jets found in the detector based on criteria which distinguish
jets originating from b quarks from light quarks. Jets are referred to as tagged if they posses a discriminating value
above an appropriate threshold.

11.2.1 Method
The true number of tt̄ events containing exactly one b quark within the geometric acceptance of the detector and
exactly two tagged jets within the same acceptance are denoted N1 and N2. These are related to the observed
numbers of events, n1 and n2, through the efficiency with which a jet originating from a b quark is reconstructed
and tagged, εb. To measure the efficiency accurately the samples n1 and n2 must be of equivalent purity. This
requirement is addressed in Subsection 11.2.2.

n1 = N1εb + 2N2εb(1 − εb) (10)
n2 = N2ε

2
b (11)

To determine the value of εb the unknown values of N1 and N2 can be eliminated by relating each to the true
number of tt̄ events, N , through the geometric acceptance for exactly one and exactly two b quarks respectively
A1 and A2 in the case the W bosons decay to the appropriate lepton flavor. The values of these acceptances must
be determined from Monte Carlo simulation of tt̄ production and decay.

N1 = N · A1 (12)
N2 = N · A2 (13)

Eliminating the unknowns, the value of εb is related to the observed numbers of events through Equation 14 which
has the uncertainty given by Equation 15.

εb =
(A1/A2 + 2)

(n1/n2 + 2)
(14)

δεb

εb
=

√

(

δA1

A1

)2

+

(

δA2

A2

)2

+

(

δn1

n1

)2

+

(

δn2

n2

)2

(15)

8) This method, being developed in collaboration with the dimuon analysis, uses tt̄ → bb̄e±µ∓ν̄µνe events to estimate the
contribution to both the dielectron and dimuon samples. It therefore requires an understanding of the e − µ sample (e.g.
backgrounds such asW → µν + jets where a jet fakes an electron must be evaluated).
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A2 = n2 / N
n1 = 752

n1 = Ntt̄A1εb + 2Ntt̄A2εb(1 − εb)

n2 = Ntt̄A2ε
2
b (1)

where εb is the b-tagging efficiency, A1 and A2 are the geometrical acceptances for exacly one b-quark or two
b-quark and are determined from the Monte Carlo.
Once that the number of events n1 and n2 of the differently b-tagged samples are measured, the system of Eq. 1
can be solved and the two unknowns quantities, i.e. the b-tagging efficiency and the total number of tt̄ events, can
be extracted.
This method has been applied to a sample of tt̄ events satisfying all the trigger, electron identification and isola-
tion and kinematic selections that are defining ourW′ → eν sample. We used the same parameters proposed by
the HEEP group to identify b-jets: the b-tagged jets are reconstructed among IterativeCone5CaloJets without any
energy correction, with |η| <2.4 and pT

jet >20 GeV; the b-tagging algorithm is based on the jetProbabilityJetTags
and the discriminant is required to be above 0.7.
After all selections, the number of events for an integrated luminosity of 100 pb−1 with exacly one b-tagged
jet is n1 = 431 and n2=74. The values of the acceptances determined from the Monte Carlo simulation are
A1 =0.16±0.012 and A2 =0.829±0.012. As follows from Eq. 1, the b-tagging efficieny is ε =0.281±0.041;
the estimated number of tt̄ events is 1136±277 (from the one b-tagged sample), to be compared to the real number
of events which is 1132. The good agreement is also shown in Fig. 14, where the electron transverse energy and
the transverse mass spectra for tt̄ events are compared to the estimation obtained from the sample with exacly one
b-tagged jet and the one with two b-tagged jets.
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Figure 14: Electron transverse energy (left) and transverse mass (right) distributions of tt̄ events selected after all
the selections defined forW ′ → eν searches are applied. The true distribution (full histogram) is compared to the
prediction obtained using the method described in the text.

tt̄ only All events
n1 431 519
n2 74 74
εb 0.281 ± 0.041 0.243± 0.035
Ntt̄ (1-b) 1136 ± 277 1509 ± 358
Ntt̄ (2-b) 1136 ± 359 1509 ± 454
True Ntt̄ 1132 1132

Table 5: Estimation of the number of tt̄ events. The results obtained using a sample of tt̄ events only (second
column) are compared to those from a more realistic sample containing alsoW → eν events (last column).
We tried to test this method using a more realistic data sample that includes also non-tt̄ events (e.g. W+jets,....),
in order to check if the purity of the selected control sample is sufficient to provide an unbiased estimation of the
tt̄ background. In particular, the effect of adding W → eν events has been considered. We found that after all
the selections the sample with extacly one b-tagged jet is contamined in a non-negligible way byW → eν events
(see Fig 15), leading to a small bias in the estimation of the number of tt̄ expected. The number of events n1 and
n2, the resulting value extracted for εb and the estimated number of tt̄ events are summarized in Table 5 in the two
cases, with tt̄ only and with the contribution from W included.
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n1 = 182

A1 = n1 / N
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