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range 100 < m4� < 600 GeV/c2. The background is found to be dominated by Z+light jets.
A small residual contamination of Zbb̄ remains at low mass while for the high-mass selection
these reducible backgrounds are an order of magnitude smaller and can therefore be neglected.
This was verified by performing a measurement of Zbb̄ and tt̄ in a dedicated four-lepton back-
ground control region, defined by requiring a Z1 and two additional leptons satisfying in-
verted SIP3D requirements, namely |SIP3D| > 5, and with relaxed isolation, charge and flavour
requirements. This ensures a negligible Z+jets contribution in the four-lepton background con-
trol region while the signal and the ZZ background are absent. To extract background rates,
the reconstructed Z1 mass for the sum of the Z1+2e, Z1+2µ and Z1+eµ final states is fit with a
Breit-Wigner function convoluted with a Crystal Ball function for the Z1 peak from Zbb̄ and
Chebychev Polynomials for the uniform tt̄ spectrum. The extrapolation to the signal region
relies on knowledge and distinct features of the SIP3D distributions for the Z2 leptons of the tt̄
and Zbb̄ backgrounds. The result is found to be compatible with MC expectation in the signal
region within the systematic uncertainty of 20%.

Systematic uncertainties are evaluated from data for trigger efficiency (1.5 %), lepton recon-
struction and identification (2-3 %), isolation efficiencies (2 %), and energy-momentum cal-
ibration (0.5 %). Additional systematic uncertainties on exclusion limits arise from limited
statistics in the reducible background regions that are propagated to the region of signal. All
major background sources are derived from control regions, and the comparison of data with
the background expectation in the signal region is independent of the uncertainty on the LHC
integrated luminosity of the data sample. This uncertainty (4.5 %) enters the calculation of the
cross section limit through the normalization of the signal. Systematics uncertainties on the
Higgs boson cross section (17-20 %) and branching ratio (2 %) are taken from Ref. [21]. The un-
certainty assigned to the electron energy scale is propagated through the shape of the expected
signal and background reconstructed mass distributions.

The reconstructed four-lepton invariant mass distributions obtained in the 4e, 4µ and 2e2µ
channels with the baseline selection are shown in Fig. 1a and compared to expectations from
the SM backgrounds. The low mass range is shown in Fig. 1b together with the mass of each
candidate and its uncertainty. The reducible and instrumental background rates are very small.
These rates have been obtained from data and the corresponding shapes for the m4� distribu-
tions are obtained from MC samples. The number of events observed, as well as the back-
ground rates in the signal region are reported in Table 1 for the baseline selection.

Table 1: Number of event candidates observed, and background and signal rates for each final
state for 100 < m4� < 600 GeV/c2 for the baseline selection. For the Z+X background, data
driven estimations are used.

Baseline 4e 4µ 2e2µ
ZZ 12.27 ± 1.16 19.11 ± 1.75 30.25 ± 2.78
Z+X 1.67 ± 0.55 1.13 ± 0.55 2.71 ± 0.96
All background 13.94 ± 1.28 20.24 ± 1.83 32.96 ± 2.94
mH = 120 GeV/c2 0.25 0.62 0.68
mH = 140 GeV/c2 1.32 2.48 3.37
mH = 350 GeV/c2 1.95 2.61 4.64
Observed 12 23 37

The measured distribution is seen to be compatible with the expectation from SM continuum
production of ZZ(∗) pairs. We observe seventy-two events event candidates, 12 in 4e, 23 in 4µ


