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Beyond the SUSY scenarios examined in Section 8, we interpret our results in the context of the
flavor-changing decay of a top quark to a Higgs boson and a charm quark. Although not
forbidden in the SM, the SM branching fraction is predicted to be extremely small (10−13–
10−15 [9, 10]), due to suppression both by the Glashow–Iliopoulos–Maiani mechanism [69]
and by the Cabibbo–Kobayashi–Maskawa quark-mixing matrix [70] factor. Observation of the
t → cH transition can therefore provide evidence for BSM physics, i.e., for non-SM particles
produced virtually in loops. In this sense the t → cH transition plays a complementary role
to SUSY searches compared to the direct superpartner production scenarios considered in Sec-
tion 8.

In addition, the t → cH decay directly probes the flavor-violating couplings of the Higgs bo-
son to the top quark. Since up-type quark-flavor violation is less constrained than down-type
quark-flavor violation [71], exploration of this issue is of general interest.

The production of a tt pair followed by the decay of one top quark to a cH state and the other
to a bW state can yield a multilepton signature, especially if the Higgs boson decays through
one of the following channels:

• H → WW∗ → �ν�ν,
• H → ττ, or
• H → ZZ∗ → jj��, νν��, ����,

where j refers to a jet. If the t → bW decay also produces a lepton, there can be up to five
leptons in an event.

To simulate signal events, we generate a tt sample in which one top quark decays to cH and
the other to bW. We assume mH = 126 GeV [72] and that the Higgs boson has SM branching
fractions. We only consider the decay modes listed above because the contributions of other
Higgs boson decay modes to the multilepton final state are found to be negligible. Signal events
are generated using MADGRAPH, with normalization performed at the next-to-next-to-leading
order [73].

The signal events predominantly populate channels with three leptons, a tagged b jet, no τh-
lepton candidate, and an OSSF off-Z pair or no OSSF pair. The most sensitive channels are
listed in Table 4. The main source of SM background arises from tt production. The observed
numbers of events are seen to be in agreement with the SM expectations to within the uncer-
tainties.

Using the same limit-setting procedure as in Section 8, we obtain a 95% CL upper limit on the
branching fraction of B(t → cH) < 1.3%. The measured branching fraction is (1.2+0.5

−0.3)%. The
uncertainties include both the statistical and systematic terms. The observed limit corresponds
to a bound on the left- and right-handed top-charm flavor-violating Higgs Yukawa couplings,
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tc and λH

ct , respectively, of
�
|λH

tc |2 + |λH
ct |2 < 0.21. This result represents a significant improve-

ment compared with the inferred result
�
|λH

tc |2 + |λH
ct |2 < 0.31 from Ref. [9], which is based on

our 7 TeV results [11]. Ref. [14] presents recent results from the ATLAS Collaboration. Table 5
presents upper limits from individual Higgs boson decay modes. All other decay modes are
ignored when calculating these limits. It is seen that the H → WW∗ → �ν�ν mode dominates
the overall result.


