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6 Systematic uncertainties
The evaluation of systematic uncertainties for the SM background is partially discussed in the
previous section. In this section, we discuss additional sources of uncertainty, both for the
background estimates and the signal predictions.

Simulated signal and background samples are subject to uncertainties from the trigger, lepton-
identification, and isolation requirements. The latter two uncertainties are combined into a
single term that is approximately 1.5% for leptons with pT > 20 GeV. The trigger efficiency
uncertainties are approximately 5%. Uncertainties associated with the jet energy scale [36],
b-jet tagging efficiency [38], E

miss
T resolution, and luminosity [50] affect signal efficiencies as

well as background estimates determined from simulation. The signal efficiencies are subject
to an additional uncertainty, from the ISR modeling [23]. Uncertainties in the cross section
calculations affect the signal samples and simulation-derived background estimates, with the
exception of the background from WZ and ZZ production, whose normalization is determined
from data.

We assign a 50% uncertainty to the estimate of the misidentified lepton background arising
from tt production, which is a combination of the uncertainty attributed to the cross section
and an uncertainty derived from the level of agreement between data and simulation for the
distribution of the isolation variable.

The total systematic uncertainty per channel varies between 3% and 40%. Table 1 list represen-
tative values for some of the individual terms.

Table 1: Typical values for systematic uncertainties.

Source of uncertainty Magnitude (%)
Luminosity 2.6
ISR modeling 0–5
E

miss
T resolution for WZ events ∼ 4

Jet energy scale (WZ) 0.5
b-jet tagging 0.1 (WZ), 6 (tt)
Muon ID/isolation at 10 (100) GeV 11 (0.2)
Electron ID/isolation at 10 (100) GeV 14 (0.6)
τh-lepton ID/isolation at 10 (100) GeV 2 (1.1)
Trigger efficiency 5
tt cross section/isolation variable 50

7 Results
Table 2 presents the results of the searches for events with four or more leptons, and Table 3
the results for exactly three leptons. The observed numbers of events are seen to be in overall
agreement with the SM expectations.

Three excesses in the data relative to the SM estimates are worth noting in Table 2. All con-
cern events in the OSSF1, off-Z category with one τh-lepton candidate, no tagged b jet, and
HT < 200 GeV. Specifically, we observe 15, 4, and 3 events for 0 < E

miss
T < 50 GeV, 50 < E

miss
T <

100 GeV, and E
miss
T > 100 GeV, respectively, when only 7.5 ± 2.0, 2.1 ± 0.5, and 0.60 ± 0.24 SM

events are expected, for an expectation of 10.1± 2.4 events in the combined E
miss
T range. We de-

termine the single-measurement probability to observe 22 or more events when the expected
number is 10.1 ± 2.4 events to be about 1%. However, once trial factors are incorporated to


