
6 4 Same-sign dilepton analysis

by selecting opposite-sign ee or eµ events that pass the full analysis selection, except the same-
sign requirement, and then weighting them by the pT- and h-dependent probability for electron
charge misassignment. This probability and its variation as a function of the lepton pT and h are
determined by combining information from simulation and a control data sample of Z ! ee
events. For the electron selection used in this analysis, the probability of charge misidentifi-
cation varies between 10�4 and 10�5 and the background estimate has an uncertainty of 30%
(15%) for the ee (eµ) signal regions. The uncertainty accounts for differences between data and
simulation, and the limited momentum range of electrons in the Z-boson control sample.

Production of WZ and ttZ events, and the irreducible backgrounds, are all estimated from
simulation as done when calculating the signal selection efficiencies. For each SM process
contributing to this category of background, the dominant systematic uncertainty is the one in
the theoretical cross section prediction. Depending on the process, we use an uncertainty of
15–50% and consider it as fully correlated across all signal regions.

4.2 Results

After the full analysis selection is applied, 36 events are observed in data, to be compared with
25.2± 3.4 (syst. � stat.) events expected from background processes and 39.7± 3.5 (syst. � stat.)
events from the sum of background and ttW signal with the SM cross section.

The top left panel of Fig. 2 shows the distribution of the expected and observed events across
the six different signal regions, and for all dilepton channels added together. As already an-
ticipated, the positively charged channels are expected to collect a larger quantity of signal
than the negatively charged channels, for a comparable quantity of background. The first three
channels therefore drive the sensitivity of this analysis. The event yields, along with the corre-
sponding uncertainties for each background component, are reported in Table 1.

Table 1: Estimated backgrounds, expected signal, and observed number of events for the µ±µ±,
e±µ±, and e±e± channels. Uncertainties include both the statistical and the systematic compo-
nents. The systematic uncertainty in the signal contribution does not include the theoretical
uncertainty in the signal production cross section.

µ+µ+ e+µ+ e+e+ µ�µ� e�µ� e�e�

Misidentified lepton 1.0± 0.6 4.1± 2.1 1.6± 0.9 0.7± 0.4 3.0± 1.5 1.7± 0.9
Mismeasured charge - 0.4± 0.1 0.7± 0.2 - 0.4± 0.1 0.7± 0.2
Irreducible 0.7± 0.4 1.6± 0.9 0.9± 0.5 0.5± 0.3 1.4± 0.7 0.7± 0.4
WZ 0.1± 0.1 0.4± 0.1 0.1± 0.1 0.1± 0.1 0.4± 0.1 0.2± 0.1
ttZ 0.6± 0.3 0.9± 0.5 0.5± 0.3 0.4± 0.2 1.0± 0.5 0.5± 0.3
Total bkg. 2.4± 0.7 7.4± 2.3 3.9± 1.1 1.7± 0.5 6.1± 1.8 3.7± 1.1
Observed 6 12 5 1 6 6
Obs. � total bkg. 3.6± 0.7 4.6± 2.3 1.1± 1.1 -0.7± 0.5 -0.1± 1.8 2.3± 1.1
ttW (expected) 2.8± 0.4 5.1± 0.5 2.2± 0.3 1.1± 0.2 2.3± 0.3 1.0± 0.2

The other three panels of Fig. 2 show the distributions for the invariant mass mbjj of the three jets
expected to originate from the hadronic top-quark decay (top right), HT (bottom left), and the
leading-lepton pT (bottom right) for all six signal regions combined together. For each event,
the three signal jets used for the mbjj distribution are selected as follows: one, and only one, of
the three jets is b-tagged; among the possible three-jet combinations the one chosen minimizes
DRjjj =

q
(DRj1,t)2 + (DRj2,t)2 + (DRj3,t)2, where DRji ,t is the DR distance between the direction


