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to account for the small number of background events in the
simulated and data control samples at high mass. The Mℓℓj j
distributions for DY+jets, diboson, and single top quark pro-
cesses are taken from simulation, with the normalization of
each distribution as discussed previously. The Meµj j distribu-
tion from data is used to model the tt background contribution
in the electron and muon channels.

In our previous search for WR → µNµ production using
7 TeV collision data [13], we modeled the shape of each back-
ground Mµµj j distribution using an exponential lineshape.
For this search, we again find that an exponential function
can be used to describe each background Mℓℓj j distribution
below 2 TeV, but these Mℓℓj j distributions begin to devi-
ate from the assumed exponential shape at high mass. As a
result, in this updated search we use the Mℓℓj j distributions
from each background process directly instead of relying on
exponential fits to model the shape of the SM backgrounds.

As the tt background shape is taken from a control sam-
ple of eµj j events in data, we examine the shape of the tt
background Meµj j distributions in both simulation and data.
Based on the method to extract the background shape in our
earlier search, we fit each Meµj j distribution to an exponen-
tial lineshape for events surviving all selection criteria for
eµj j events. The tt background distribution is again expected
to decrease exponentially as Mℓℓj j increases, although we
allow for deviations at high mass (beyond 2 TeV) where
the DY+jets background is more significant. The simulated
Meµj j distribution agrees with the exponential lineshape for
Meµj j < 2 TeV, as expected, while we find that the Meµj j
distribution in the data control sample noticeably deviates
from fit expectations for 1.0 < Meµj j < 1.2 TeV. While the
fit expects 94 events, only 78 events are found in data in this
region. As a result, we correct the Meµj j distribution from the
data control sample to the expected number of events from
the exponential fit for 1.0 < Meµj j < 1.2 TeV, and this cor-
rection is reflected in Table 1. The size of the correction is
taken as a systematic uncertainty in the shape of the tt Mℓℓj j
distribution.

The Mℓℓj j distributions for events satisfying all selection
criteria appear in Fig. 2. A comparison of the observed data
to SM expectations yields a normalized χ2 of 1.4 (0.9) for
electron (muon) channel events. We observe an excess in
the electron channel in the region 1.8 < Mee j j < 2.2 TeV,
where 14 events are observed compared to 4 events expected
from SM backgrounds. This excess has a local significance of
2.8σ estimated using the method discussed in Sect. 7. This
excess does not appear to be consistent with WR → eNe
decay. We examined additional distributions for events with
1.8 < Mee j j < 2.2 TeV, including the mass distributions
Me j j (for both the leading and subleading electrons), Mee,
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Fig. 2 Distribution of the invariant mass Mee j j (top) and Mµµj j (bot-
tom) for events in data (points with error bars) with Mℓℓ > 200 GeV
and for background contributions (hatched stacked histograms) from
data control samples (tt) and simulation. The signal mass point MWR =
2.5 TeV, MNℓ = 1.25 TeV, is included for comparison (open red his-
togram, and also as a dotted line for the unbinned signal shape). The
numbers of events from each background process (and the expected
number of signal events) are included in parentheses in the legend,
where the contributions from diboson and single top quark processes
have been collected in the “Other” background category. The data
are compared with SM expectations in the lower portion of the fig-
ure. The total background uncertainty (light red band) and the back-
ground uncertainty after neglecting the uncertainty due to background
modeling (dark blue band) are included as a function of Mℓℓj j for
Mℓℓj j > 600 GeV (dashed line)
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