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Figure 4: Jet multiplicity distribution for events passing the full W+W− selection before the application of the
jet-veto requirement. Here jets must have pT > 20 GeV and |η |< 3. The points represent the data and the stacked
histograms are the MC predictions.

Cuts e+e−+Emiss
T µ+µ− +Emiss

T e±µ∓ +Emiss
T

2 leptons (SS and OS) 6096 12802 134
2 leptons (OS) 6057 12798 126
M�� > 15 GeV 6044 12724 -
Z veto (|M��−MZ| > 10 GeV) 872 1935 -
Emiss

T, Rel cut 12 14 39
Jet veto (No. of jet=0) 1 2 5

Table 1: The number of candidates remaining in the data after applying the W+W− selection criteria in
the three di-lepton channels. The notation SS and OS denotes candidates with same-sign and opposite-
sign charges.

Table 2 shows the number of MC W+W− events passing each selection cut for the three di-lepton
channels. The MC events shown in the table are normalized to 35 pb−1 using the SM W+W− production
cross sections with qq̄� and gg initial states.

In addition to corrections for lepton identification efficiencies in MC, we also apply a MC acceptance
correction to account for the difference in the jet-veto efficiency between data and MC. Signal events may
fail the jet-veto requirement if initial-state radiation (ISR) from the incoming partons produces a jet that
satisfies the jet-veto requirements. The simulation may not predict this rate accurately, either because
the rate of ISR is not quite correct, or because the jet-energy scale in data and in the simulation are
not the same. In order to minimize the systematic uncertainty due to these two effects, we use control
samples of Z → �+�− data and MC to determine the jet-veto efficiency correction factor to the W+W−

selection [21]: εdata
WW = εMC

WW × fZ, with fZ = εdata
Z /εMC

Z = 0.97±0.06. The two efficiency numbers, εdata
Z

and εMC
Z , are the fraction of the Z events with zero jets found in data and MC, respectively.

The overall event selection acceptances for signal events are 4.1% for eνeν , 8.6% for µνµν , and
11.5% for eνµν . The contributions from W+W− → τ±ν�∓ν → ��±�∓+ nν are less than 10% of the
final selected W+W− signal events in all three di-lepton channels.

The overall systematic uncertainty in the W+W− selection acceptance is 7.4% for the combination
of the three di-lepton channels. This overall uncertainty includes the uncertainties due to lepton identifi-
cation (4.2%), the jet-veto (6.0%), the effect of multiple interactions (0.5%) and the uncertainties of the

8

top row of this figure shows the Emiss
T, Rel distribution prior to applying the jet-veto selection criteria (defined

below) for the ee and µµ channels combined (left) and the eµ (right) channel.
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Figure 3: Emiss
T, Rel distributions for the selected ee and µµ (left) and eµ (right) samples after the Z mass veto cut

(top row). The bottom row shows the same distributions for events containing no hadronic jets with pT > 20 GeV
and |η | < 3.

Suppression of the top background is accomplished by rejecting events containing jets with pT > 20
GeV and |η | < 3 (the jet-veto requirement). The bottom row of Fig. 3 shows the Emiss

T, Rel distributions for
events after applying the jet-veto requirement. Figure 4 shows that the majority of the W+W− signal is in
the zero-jet bin of the jet multiplicity distribution, while the top events populate the higher jet multiplicity
bins.

Table 1 shows the numbers of candidates remaining after the various W+W− event selection criteria
are applied. After all the selection criteria are applied to the di-lepton samples, eight W+W− candidate
events remain: one in the ee channel, two in the µµ channel, and five in the eµ channel.

7 Signal acceptance

The signal acceptance is one of the key ingredients for determining the W+W− cross section. Deter-
mining this acceptance relies on detailed MC signal modeling and event selection efficiency corrections
using control data samples, as described in previous sections. These corrections differ by at most a
few percent from unity, indicating the inherent accuracy of the simulation. Detailed information on the
W+W− event selection acceptance is provided below.
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T, Rel distributions for the selected ee and µµ (left) and eµ (right) samples after the Z mass veto cut

(top row). The bottom row shows the same distributions for events containing no hadronic jets with pT > 20 GeV
and |η | < 3.

Suppression of the top background is accomplished by rejecting events containing jets with pT > 20
GeV and |η | < 3 (the jet-veto requirement). The bottom row of Fig. 3 shows the Emiss

T, Rel distributions for
events after applying the jet-veto requirement. Figure 4 shows that the majority of the W+W− signal is in
the zero-jet bin of the jet multiplicity distribution, while the top events populate the higher jet multiplicity
bins.

Table 1 shows the numbers of candidates remaining after the various W+W− event selection criteria
are applied. After all the selection criteria are applied to the di-lepton samples, eight W+W− candidate
events remain: one in the ee channel, two in the µµ channel, and five in the eµ channel.

7 Signal acceptance

The signal acceptance is one of the key ingredients for determining the W+W− cross section. Deter-
mining this acceptance relies on detailed MC signal modeling and event selection efficiency corrections
using control data samples, as described in previous sections. These corrections differ by at most a
few percent from unity, indicating the inherent accuracy of the simulation. Detailed information on the
W+W− event selection acceptance is provided below.
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top row of this figure shows the Emiss
T, Rel distribution prior to applying the jet-veto selection criteria (defined

below) for the ee and µµ channels combined (left) and the eµ (right) channel.
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Figure 3: Emiss
T, Rel distributions for the selected ee and µµ (left) and eµ (right) samples after the Z mass veto cut

(top row). The bottom row shows the same distributions for events containing no hadronic jets with pT > 20 GeV
and |η | < 3.

Suppression of the top background is accomplished by rejecting events containing jets with pT > 20
GeV and |η | < 3 (the jet-veto requirement). The bottom row of Fig. 3 shows the Emiss

T, Rel distributions for
events after applying the jet-veto requirement. Figure 4 shows that the majority of the W+W− signal is in
the zero-jet bin of the jet multiplicity distribution, while the top events populate the higher jet multiplicity
bins.

Table 1 shows the numbers of candidates remaining after the various W+W− event selection criteria
are applied. After all the selection criteria are applied to the di-lepton samples, eight W+W− candidate
events remain: one in the ee channel, two in the µµ channel, and five in the eµ channel.

7 Signal acceptance

The signal acceptance is one of the key ingredients for determining the W+W− cross section. Deter-
mining this acceptance relies on detailed MC signal modeling and event selection efficiency corrections
using control data samples, as described in previous sections. These corrections differ by at most a
few percent from unity, indicating the inherent accuracy of the simulation. Detailed information on the
W+W− event selection acceptance is provided below.
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T, Rel distributions for the selected ee and µµ (left) and eµ (right) samples after the Z mass veto cut

(top row). The bottom row shows the same distributions for events containing no hadronic jets with pT > 20 GeV
and |η | < 3.

Suppression of the top background is accomplished by rejecting events containing jets with pT > 20
GeV and |η | < 3 (the jet-veto requirement). The bottom row of Fig. 3 shows the Emiss

T, Rel distributions for
events after applying the jet-veto requirement. Figure 4 shows that the majority of the W+W− signal is in
the zero-jet bin of the jet multiplicity distribution, while the top events populate the higher jet multiplicity
bins.

Table 1 shows the numbers of candidates remaining after the various W+W− event selection criteria
are applied. After all the selection criteria are applied to the di-lepton samples, eight W+W− candidate
events remain: one in the ee channel, two in the µµ channel, and five in the eµ channel.

7 Signal acceptance

The signal acceptance is one of the key ingredients for determining the W+W− cross section. Deter-
mining this acceptance relies on detailed MC signal modeling and event selection efficiency corrections
using control data samples, as described in previous sections. These corrections differ by at most a
few percent from unity, indicating the inherent accuracy of the simulation. Detailed information on the
W+W− event selection acceptance is provided below.
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T, Rel distributions for the selected ee and µµ (left) and eµ (right) samples after the Z mass veto cut

(top row). The bottom row shows the same distributions for events containing no hadronic jets with pT > 20 GeV
and |η | < 3.

Suppression of the top background is accomplished by rejecting events containing jets with pT > 20
GeV and |η | < 3 (the jet-veto requirement). The bottom row of Fig. 3 shows the Emiss

T, Rel distributions for
events after applying the jet-veto requirement. Figure 4 shows that the majority of the W+W− signal is in
the zero-jet bin of the jet multiplicity distribution, while the top events populate the higher jet multiplicity
bins.

Table 1 shows the numbers of candidates remaining after the various W+W− event selection criteria
are applied. After all the selection criteria are applied to the di-lepton samples, eight W+W− candidate
events remain: one in the ee channel, two in the µµ channel, and five in the eµ channel.

7 Signal acceptance

The signal acceptance is one of the key ingredients for determining the W+W− cross section. Deter-
mining this acceptance relies on detailed MC signal modeling and event selection efficiency corrections
using control data samples, as described in previous sections. These corrections differ by at most a
few percent from unity, indicating the inherent accuracy of the simulation. Detailed information on the
W+W− event selection acceptance is provided below.
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(top row). The bottom row shows the same distributions for events containing no hadronic jets with pT > 20 GeV
and |η | < 3.

Suppression of the top background is accomplished by rejecting events containing jets with pT > 20
GeV and |η | < 3 (the jet-veto requirement). The bottom row of Fig. 3 shows the Emiss

T, Rel distributions for
events after applying the jet-veto requirement. Figure 4 shows that the majority of the W+W− signal is in
the zero-jet bin of the jet multiplicity distribution, while the top events populate the higher jet multiplicity
bins.

Table 1 shows the numbers of candidates remaining after the various W+W− event selection criteria
are applied. After all the selection criteria are applied to the di-lepton samples, eight W+W− candidate
events remain: one in the ee channel, two in the µµ channel, and five in the eµ channel.

7 Signal acceptance

The signal acceptance is one of the key ingredients for determining the W+W− cross section. Deter-
mining this acceptance relies on detailed MC signal modeling and event selection efficiency corrections
using control data samples, as described in previous sections. These corrections differ by at most a
few percent from unity, indicating the inherent accuracy of the simulation. Detailed information on the
W+W− event selection acceptance is provided below.
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(top row). The bottom row shows the same distributions for events containing no hadronic jets with pT > 20 GeV
and |η | < 3.

Suppression of the top background is accomplished by rejecting events containing jets with pT > 20
GeV and |η | < 3 (the jet-veto requirement). The bottom row of Fig. 3 shows the Emiss

T, Rel distributions for
events after applying the jet-veto requirement. Figure 4 shows that the majority of the W+W− signal is in
the zero-jet bin of the jet multiplicity distribution, while the top events populate the higher jet multiplicity
bins.

Table 1 shows the numbers of candidates remaining after the various W+W− event selection criteria
are applied. After all the selection criteria are applied to the di-lepton samples, eight W+W− candidate
events remain: one in the ee channel, two in the µµ channel, and five in the eµ channel.

7 Signal acceptance

The signal acceptance is one of the key ingredients for determining the W+W− cross section. Deter-
mining this acceptance relies on detailed MC signal modeling and event selection efficiency corrections
using control data samples, as described in previous sections. These corrections differ by at most a
few percent from unity, indicating the inherent accuracy of the simulation. Detailed information on the
W+W− event selection acceptance is provided below.
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(top row). The bottom row shows the same distributions for events containing no hadronic jets with pT > 20 GeV
and |η | < 3.

Suppression of the top background is accomplished by rejecting events containing jets with pT > 20
GeV and |η | < 3 (the jet-veto requirement). The bottom row of Fig. 3 shows the Emiss

T, Rel distributions for
events after applying the jet-veto requirement. Figure 4 shows that the majority of the W+W− signal is in
the zero-jet bin of the jet multiplicity distribution, while the top events populate the higher jet multiplicity
bins.

Table 1 shows the numbers of candidates remaining after the various W+W− event selection criteria
are applied. After all the selection criteria are applied to the di-lepton samples, eight W+W− candidate
events remain: one in the ee channel, two in the µµ channel, and five in the eµ channel.

7 Signal acceptance

The signal acceptance is one of the key ingredients for determining the W+W− cross section. Deter-
mining this acceptance relies on detailed MC signal modeling and event selection efficiency corrections
using control data samples, as described in previous sections. These corrections differ by at most a
few percent from unity, indicating the inherent accuracy of the simulation. Detailed information on the
W+W− event selection acceptance is provided below.
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Figure 4: Jet multiplicity distribution for events passing the full W+W− selection before the application of the
jet-veto requirement. Here jets must have pT > 20 GeV and |η |< 3. The points represent the data and the stacked
histograms are the MC predictions.

Cuts e+e−+Emiss
T µ+µ− +Emiss

T e±µ∓ +Emiss
T

2 leptons (SS and OS) 6096 12802 134
2 leptons (OS) 6057 12798 126
M�� > 15 GeV 6044 12724 -
Z veto (|M��−MZ| > 10 GeV) 872 1935 -
Emiss

T, Rel cut 12 14 39
Jet veto (No. of jet=0) 1 2 5

Table 1: The number of candidates remaining in the data after applying the W+W− selection criteria in
the three di-lepton channels. The notation SS and OS denotes candidates with same-sign and opposite-
sign charges.

Table 2 shows the number of MC W+W− events passing each selection cut for the three di-lepton
channels. The MC events shown in the table are normalized to 35 pb−1 using the SM W+W− production
cross sections with qq̄� and gg initial states.

In addition to corrections for lepton identification efficiencies in MC, we also apply a MC acceptance
correction to account for the difference in the jet-veto efficiency between data and MC. Signal events may
fail the jet-veto requirement if initial-state radiation (ISR) from the incoming partons produces a jet that
satisfies the jet-veto requirements. The simulation may not predict this rate accurately, either because
the rate of ISR is not quite correct, or because the jet-energy scale in data and in the simulation are
not the same. In order to minimize the systematic uncertainty due to these two effects, we use control
samples of Z → �+�− data and MC to determine the jet-veto efficiency correction factor to the W+W−

selection [21]: εdata
WW = εMC

WW × fZ, with fZ = εdata
Z /εMC

Z = 0.97±0.06. The two efficiency numbers, εdata
Z

and εMC
Z , are the fraction of the Z events with zero jets found in data and MC, respectively.

The overall event selection acceptances for signal events are 4.1% for eνeν , 8.6% for µνµν , and
11.5% for eνµν . The contributions from W+W− → τ±ν�∓ν → ��±�∓+ nν are less than 10% of the
final selected W+W− signal events in all three di-lepton channels.

The overall systematic uncertainty in the W+W− selection acceptance is 7.4% for the combination
of the three di-lepton channels. This overall uncertainty includes the uncertainties due to lepton identifi-
cation (4.2%), the jet-veto (6.0%), the effect of multiple interactions (0.5%) and the uncertainties of the
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top row of this figure shows the Emiss
T, Rel distribution prior to applying the jet-veto selection criteria (defined

below) for the ee and µµ channels combined (left) and the eµ (right) channel.
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Figure 3: Emiss
T, Rel distributions for the selected ee and µµ (left) and eµ (right) samples after the Z mass veto cut

(top row). The bottom row shows the same distributions for events containing no hadronic jets with pT > 20 GeV
and |η | < 3.

Suppression of the top background is accomplished by rejecting events containing jets with pT > 20
GeV and |η | < 3 (the jet-veto requirement). The bottom row of Fig. 3 shows the Emiss

T, Rel distributions for
events after applying the jet-veto requirement. Figure 4 shows that the majority of the W+W− signal is in
the zero-jet bin of the jet multiplicity distribution, while the top events populate the higher jet multiplicity
bins.

Table 1 shows the numbers of candidates remaining after the various W+W− event selection criteria
are applied. After all the selection criteria are applied to the di-lepton samples, eight W+W− candidate
events remain: one in the ee channel, two in the µµ channel, and five in the eµ channel.

7 Signal acceptance

The signal acceptance is one of the key ingredients for determining the W+W− cross section. Deter-
mining this acceptance relies on detailed MC signal modeling and event selection efficiency corrections
using control data samples, as described in previous sections. These corrections differ by at most a
few percent from unity, indicating the inherent accuracy of the simulation. Detailed information on the
W+W− event selection acceptance is provided below.
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