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The three production modes, Wf, Zf, and ttf, are collectively referred to as Xf. For all pro-
duction modes, decays of f bosons only to electron, muon, or tau lepton pairs are consid-
ered, as described for the coupling to fermions by Eq. (3). The f decays are assumed to con-
serve lepton number and charge, f ! `+`�, where ` = e, µ, or t , and are taken to occur
at the production vertex. As this search targets multilepton signatures, the W and Z bosons
in Wf and Zf signal models are required to be leptonically decaying, whereas one of the
W bosons in the ttf signal model could be decaying hadronically. A complete decay chain
example is ttf ! (bW+)(b̄W�)(`+`�) ! (b`+n)(b̄qq̄)(`+`�) where b and q are the SM
bottom and light (up, down, strange, or charm) quarks, respectively, and ` (n) represents the
SM charged leptons (neutrinos). For Wf and Zf production modes only the leptonic decay
modes of W and Z bosons are considered. For the model-independent results, the branching
fractions B(f ! ``) into different flavors are considered as unconstrained parameters. In to-
tal, (3 + 3 + 2) ⇥ 3 = 24 modes are probed: three coupling structures (S, PS, and H) each for
the Wf and Zf production modes, two coupling structures (S and PS) for the ttf production
mode, and three decay modes for the f (ee, µµ, and tt). All production modes, coupling struc-
tures, and decay scenarios of the f boson are probed separately. This search targets f masses
between 15–350 GeV, excluding masses between 75–108 GeV for the f ! ee/µµ signal scenar-
ios because of high SM Z boson background contributions. The width of the f boson is taken
to be negligible compared to the experimental resolution in all signal models.

The Xf signal scenarios populate a large multilepton signature space in which at least one
lepton arises from the decay of the associated W or Z boson, or top quarks. Figure 1 illustrates
possible production and decay processes of Wf, Zf, and ttf that result in three- or four-lepton
final states. For f masses below the associated gauge boson (top quark) mass, the f boson
may also arise from a three-body decay of an on-shell gauge boson (top quark). The Wf signal
provides a signature with three leptons in the final state, primarily populating phase space
regions with low hadronic activity, significant ~pmiss

T , and no heavy-flavored jets. The Zf signal
produces a four-lepton signature, with similarly low hadronic activity and no heavy-flavored
jets, but with low ~pmiss

T . The ttf signal can yield three- or four-lepton signatures, depending
on the decay mode of the tt system, and populates the phase space with b jets, high hadronic
activity, and large ~pmiss

T arising from the decays of the top quarks.
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Figure 1: Example production and decay processes of Wf, Zf, and ttf signals producing
multilepton final states, where ` stands for electron, muon or tau lepton. Only leptonic decays
of W and Z bosons are considered for Wf and Zf signals, while for ttf signal W bosons from
top quark decay can also decay hadronically.

The search results are presented in terms of model-independent exclusions along with several
model-dependent interpretations. The model-independent results are presented for each of the
24 separate production and decay modes in terms of the product of the production cross section
and B(f ! ``). The model-dependent results are obtained from a subset of the experimental
channels. First, assuming a Higgs-like f production scenario, the Wf, Zf, or ttf events are
considered to be produced through mixing between the f and SM Higgs boson. Constraints


