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7 Results
The expected and observed upper limits on the product of the resonance cross section and
the branching fraction for X ! ZZ are determined at the 95% confidence level (CL) for the
zero width benchmark model as a function of mX and shown in Fig. 5 for the ee and µµ chan-
nels combined. Expectations for s(pp ! X ! ZZ) are also normalized to the calculations of
Ref. [39] and shown as a function of the bulk graviton mass for three values of the curvature
scale parameter k̃ = (1.0, 0.5, 0.1). The hypothesis of k̃ = 0.5 can be excluded for masses below
800 GeV at 95% CL, while the current data are not yet sensitive to the hypothesis of k̃ = 0.1.
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Figure 5: Expected and observed limits on the product of cross section and branching fraction of
a new spin-2 heavy resonance X ! ZZ, assuming zero width, based on the combined analysis
of the electron and muon channels. Expectations for the production cross section s(pp ! X !

ZZ) are also shown for the benchmark bulk graviton model for three values of the curvature
scale parameter k̃.

The observed limits are within 2 standard deviations of expectations from the background-only
model. The largest upward fluctuations in the data are observed for mX ⇡ 900 GeV and weaken
the corresponding exclusions in this region. To explore this region in more detail, upper limits
are shown separately for the electron and muon channels in Fig. 6. The upward fluctuations at
mX ⇡ 900 GeV appear mainly in the muon channel, and additional fluctuations below this mX
can also be observed.

The analysis is repeated comparing to the more general wide width version of the bulk graviton
model described above. The initial state is fixed purely to either a gluon–gluon fusion or qq
annihilation process and the width of the resonance varied between 0 and 0.3mX. The 95% CL
limits for these models are shown in Fig. 7. Differences in the limits between the gluon fusion
and qq production processes arise from spin and parity effects, which broaden the mT peak in
qq production [41].

8 Summary
A search for the production of new resonances has been performed in events with a leptonically
decaying Z boson and missing transverse momentum, using data corresponding to an inte-
grated luminosity of 35.9 fb�1 of proton-proton collisions at a center-of-mass energy of 13 TeV.


