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Table 2: Number of ZZ background events and relative uncertainties in the signal region in a
mass range from 100 to 600 GeV/c2, estimated from normalization to the measured Z rate and
from Monte Carlo simulation, for baseline and high-mass event selections

channel Normalization to Z rate MC model simulation
baseline NZZ→4e 4.05 ± 0.26 4.07 ± 0.38

NZZ→4µ 6.02 ± 0.40 6.23 ± 0.57
NZZ→2e2µ 9.87 ± 0.66 10.06 ± 0.93

high-mass NZZ→4e 3.67 ± 0.25 3.70 ± 0.34
NZZ→4µ 5.22 ± 0.34 5.38 ± 0.48

NZZ→2e2µ 8.96 ± 0.59 9.14± 0.85

4.2 Reducible and Instrumental Backgrounds

For the measurement of the Zbb̄/cc̄ and tt̄, a four-lepton background control region is defined
by inverting SIP3D and relaxing isolation, charge and flavour requirements for two leptons. In
detail, the Zbb̄/cc̄ and tt̄ control region is defined taking a set of events with a pair of identified
leptons with opposite charge and matching flavour (e+e−, µ+µ−) that form a good Z1, as re-
quested for the signal selection. For the other pair of leptons the flavour, charge, and isolation
requirements are removed. Finally the SIP3D impact parameter cuts are reversed on the two
leptons by requiring |SIP3D| > 5. Inverting the SIP3D selection cuts for two leptons ensures a
negligible Z+jets contribution in the four-lepton background control region.

A comparison of the MC expectation with data is shown in Fig. 2 for the sum of the Z1+2e,
Z1+2µ and Z1+eµ final states. The data are compatible with the MC expectation with a very
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Figure 2: Distribution of the best reconstructed Z candidate invariant mass for the events in
the four-lepton background control region defined by a pair of identified leptons with opposite
charge and matching flavour and another pair of leptons with isolation cut relaxed, flavour
and charge requirements removed and large impact parameters. Solid points represent the
data, shaded histograms represent the MC expectations, the signal and the ZZ background
contribute negligibly. The samples correspond to an integrated luminosity of L = 1.66 fb−1.


