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Analysis overview

and vector boson fusion (VBF), final states with H ! tt decays contain only two charged
leptons, defining the LL0 channels. All six t-pair final states are studied: LL0 = µth , eth , th th ,
eµ, µµ, and ee.
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Figure 1: Leading-order Feynman diagrams for Higgs boson production through gluon-gluon
fusion (left), vector boson fusion (middle), and the associated production with a W or a Z boson
(right).

Sensitivity to the associated production with a W or a Z boson is achieved by requiring one or
two additional electrons or muons compatible with leptonic decays of the W or Z boson. The
four most sensitive final states are retained in the ` + Lth channels aiming at the associated
production with a W boson, ` + Lth = µ + µth , e + µth /µ + eth , µ + th th , and e + th th . In
the `` + LL0 channels that target the associated production with a Z boson decaying to ``, the
t-pair final states µth , eth , eµ, and th th are considered, leading to eight channels in total. The
ee and µµ t-pair final states are excluded because the corresponding events are already used
in the search for H ! ZZ ! 4` [11].

To maximize the sensitivity of the analysis in the LL0 channels, events are classified in categories
according to the number of jets in the final state, excluding the jets corresponding to the L and
L0 leptons. The events are further classified according to a number of kinematic quantities that
exhibit different distributions for signal and background events (see section 6). In particular,
the contribution of the VBF production process is enhanced for events with two or more jets
by requiring a large rapidity gap between the two jets with the highest transverse momentum.
For the remaining events with at least one jet, requiring a large pT of the reconstructed Higgs
boson candidate increases the sensitivity to Higgs boson production through gluon fusion. A
complete listing of all lepton final states and event categories is given in appendix B.
With the exception of the ` + Lth , ee, and µµ channels, the signal is extracted from the distribution of the invariant mass of the t-lepton pair, mtt , calculated from the L and L0 four-momenta
and the missing transverse energy vector. In the ` + Lth channels, the signal extraction is instead based on the invariant mass, mvis , of the visible Lth decay products because the missing
transverse energy does not entirely arise from the neutrinos produced in the decay of the two t
leptons. In the ee and µµ channels, a discriminating variable combining a number of kinematic
quantities and other observables, including mtt , is used.
The background composition depends on the channel and, in particular, on the number of
electrons and muons in the final state. The Drell–Yan production of a Z boson decaying into
a pair of t leptons constitutes the main irreducible background in all LL0 channels. Another
source of background with the same leptonic final state is the production of top-quark pairs
(tt), which is most important in the eµ channel. Reducible background contributions include
QCD multijet production that is particularly relevant in the th th channel and W(! `n) + jets
production with a jet misidentified as a th in the `th channels. In the ` + Lth and `` + LL0

