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found to be in good agreement with each other and with expectations from the MC simulation.

The systematic uncertainties on the number of events estimated from the three data control

regions are assessed using a large sample of simulated tt events. The JZB distribution in the SF

Z-peak (signal) region is found to agree well with the corresponding distributions in the three

control regions. A 25% uncertainty is assigned to each individual estimate in order to cover

discrepancies at large JZB values, where the number of MC events is low, as well as potential

differences between the data and MC simulation.

The total contribution from flavor-symmetric backgrounds in the signal region is computed as

the average of the yields in the three data control regions, as they provide independent esti-

mates of the same background process. The systematic uncertainties assigned to these yields

are approximately uncorrelated, and hence are added quadratically. The absence of strong cor-

relation is confirmed in MC simulation, as well as from the aforementioned comparison of the

number of events in the 30 GeV < |JZB| < 50 GeV region.

SM backgrounds with a reconstructed Z boson are estimated using the negative JZB region

after subtraction of flavor-symmetric backgrounds. This procedure relies on the fact that Z +
jets events with three or more jets evenly populate the negative and positive sides of the JZB

distribution, as described above. The method is validated using a large sample of simulated

Z + jets events, and a 25% systematic uncertainty is assigned to the corresponding prediction

in order to cover potential differences between the data and MC at large JZB values.

Other backgrounds, though less significant, are also accounted for in these estimates. Contri-

butions from the SM WZ and ZZ processes are incorporated into the Z + jets estimate, since

in these events the Emiss

T
and the Z boson candidates do not share the same parent particle.

The background estimate from OF pairs accounts for WW, Z → ττ, and single-top production.

Finally, events with one or more jets reconstructed as electrons or non-isolated leptons (from

QCD multijet, γ+ jets, or electroweak processes) are accounted for by the background estimate

from the sideband control regions.

The overall background prediction method is validated using a simulated sample including

all SM backgrounds, with and without the inclusion of LM4 signal events. The comparison

between the true and predicted distributions is shown in Fig. 1 for the two cases. The slope

change around JZB = 50 GeV corresponds to the region where the tt background starts to

dominate. The integrated event yields for the various search regions are summarized in Table 1.

We find that there is good agreement in the background-only case, while good sensitivity to a

possible signal remains.

Table 1: Comparison between true and predicted JZB event yields in SM MC simulation for the

various search regions. Uncertainties on the true MC yields reflect the limited MC statistics.

The first (second) uncertainty in the MC predicted yields indicates the statistical (systematic)

component.

Region MC true MC predicted

JZB > 50 GeV 420 ± 11 414 ± 16 ± 59

JZB > 100 GeV 102 ± 5 98 ± 6 ± 14

JZB > 150 GeV 25 ± 2.6 24 ± 3.4 ± 3.0

JZB > 200 GeV 8.5 ± 1.6 7.8 ± 1.8 ± 1.1

JZB > 250 GeV 2.2 ± 0.9 3.2 ± 1.2 ± 0.5


