
4 4 Event yields and measurements at the reconstruction level

Selection change with
respect to the signal region Target process Scale factor
ee or µµ only, Z ! ee/µµ+jets 1.36 ± 0.02 (stat) ± 0.20 (syst)76 GeV < M`` < 106 GeV
ee or µµ only, no Emiss

T cut, Z ! tt+jets 1.18 ± 0.01 (stat) ± 0.10 (syst)76 GeV < M`` < 106 GeV

Same-charge leptons One-lepton processes 2.2 ± 0.3 (stat) ± 1.0 (syst)

Exactly one jet Single top (tW, 2-leptons) 1.00 ± 0.25 (total)

Table 1: Summary of the scale factors derived in control regions and applied to the background
samples.

and isolation) are found to be consistent between data and simulation [20].

3 Background estimation
Control regions (CRs) are used to validate the background estimates from simulation and de-
rive scale factors (SFs) and systematic uncertainties for some contributions. The CRs are se-
lected to have similar kinematics to the signal region (SR), but with one or two requirements
reversed, thus enhancing them in different SM contributions. The main CRs used in this anal-
ysis and the values of the derived scale factors are summarized in Table 1.

For Drell–Yan events, the SF accounts for mismodeling of the Emiss
T distribution (coming largely

from mismeasured jets) and mismodeling of the heavy flavour content. Only the latter is rele-
vant for Z ! tt, where the Emiss

T is dominated by the well-modeled undetected neutrinos, so
we omit the part from Emiss

T mismodeling. The systematic uncertainties on the SFs are taken
from the envelope of variation observed between the channels and in various alternative con-
trol regions. The control region for single top-quark production in association with a W boson
(tW) is still dominated by signal events (75%), with only a 16% contribution from tW pro-
duction (which is still an enhancement by a factor of 4 compared to the SR). Given the good
agreement between data and simulation in this control region, we assume a SF of unity for tW
production, with an uncertainty of 25% based on the recent CMS cross section measurement of
23.4 ± 5.4 pb [42].

Contributions to the background from diboson and triboson production, as well as tt produc-
tion in association with a boson, are estimated from simulation alone. Recent measurements
from the CMS Collaboration [43, 44] indicate agreement between the predicted and measured
cross sections for these processes, and we assign a conservative systematic uncertainty of 50%.

4 Event yields and measurements at the reconstruction level
The expected background and observed event yields for different lepton flavour combinations
are listed in Table 2. The total predicted yield in the eµ channel is significantly larger than for
the same-flavour channels, for which the additional requirements on the Emiss

T and invariant-
mass of the lepton pair described in Section 2 are applied to suppress the Drell–Yan back-
ground. After subtraction of the predicted background yields, the remaining yield in the data
is assumed to be signal from dileptonic tt decays, including t leptons that decay leptonically.
All other tt decay modes are treated as background and are included in the non-dileptonic tt


