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Table 5: Number of events observed, background and signal rates for each final state in a
mass range from m1 = 100 GeV/c2 to m2 = 600 GeV/c2 both for the baseline and high-mass
selections. For ZZ, Z+jets, tt̄ and Zbb̄/cc̄ the data driven estimations are used, for WZ the
Monte Carlo estimation is used.

baseline
4e 4µ 2e2µ

ZZ 4.05 ± 0.26 6.02 ± 0.40 9.87 ± 0.66
Z+jet 0.48 ± 0.08 0.09 ± 0.02 0.61 ± 0.11

Zbb̄/cc̄, tt̄ 0.01 ± 0.01 0.05 ± 0.01 0.06 ± 0.01
WZ 0.009 ± 0.009 0.009 ± 0.009 0.04 ± 0.02
All background 4.54 ± 0.27 6.12 ± 0.40 10.52 ± 0.67
mH = 140 GeV/c2 0.45 0.82 1.19
mH = 200 GeV/c2 1.20 1.71 2.80
mH = 350 GeV/c2 0.70 0.93 1.63
Observed 5 10 6

high-mass
4e 4µ 2e2µ

ZZ 3.67 ± 0.25 5.22 ± 0.34 8.96 ± 0.59
Z+jet 0.20 ± 0.07 0.01 ± 0.01 0.22 ± 0.07

Zbb̄/cc̄, tt̄ - 0.01± 0.01 0.01±0.01
WZ - - 0.009 ± 0.009
All background 3.87 ± 0.26 5.23 ± 0.34 9.18 ± 0.59
mH = 140 GeV/c2 0.007 0.01 0.02
mH = 200 GeV/c2 1.13 1.60 2.65
mH = 350 GeV/c2 0.67 0.89 1.55
Observed 2 6 6

of events with four final state leptons satisfying pT > 7(e), 5(µ) within |ηe| < 2.5 and |ηµ| < 2.4.
The generated ZZ events are the fraction of the PYTHIA MC sample used in the analysis with
60 < mZ < 120 GeV/c2.

The total cross section for a pair of Z bosons in the mass range 60 < mZ < 120 GeV/c2 is found
to be

σ(pp → ZZ + X)× B(ZZ → 4�) = 20.8+6.8
−4.0(stat.)± 0.5(syst.)± 0.9(lumi.) fb .

The measured cross section agrees within about 1 standard deviations with the expectation
from the SM [47] which predicts 28.32 ± 1.95 fb. More results on di-boson cross section mea-
surements by the CMS experiment are presented in Ref. [57].

The exclusion limits for a SM-like Higgs Boson are computed for a large number of mass points
in the mass range 110-600 GeV/c2, and using the predicted signal and background shapes. The
choice of the spacing between Higgs mass hypotheses is driven by either detector resolution, or
the natural width of the resonance, depending on which dominates. The signal shape is deter-
mined using 17 simulated samples covering the full mass range. The shapes for each simulated
sample are fit using a function ( f MC) obtained as a convolution between a Breit-Wigner-like
probability density function to describe the theoretical resonance line shape, and a Crystal-Ball
function to describe the detector effects. The parameters of the Crystal-Ball function are in-
terpolated for the Higgs boson mass points where there is no simulated sample available. The


