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To date, Higgs couplings to third generation fermions have all been observed with over 5σ
significance. Direct observations of the Higgs couplings to the second generation of fermions
are thus of critical importance to further confirm the non-universal pattern of Yukawa cou-
plings. More importantly, any deviations from SM predictions can direct to new physics. The
purpose of this LoI is to show our interest and the on-going work in studying the loosely-
constrained charm-Higgs Yukawa coupling in the future LHC experiments.

The decay H → cc̄ is not only difficult to trigger on, but also challenging to distinguish
from large multi-jet backgrounds. There have been two experimental probes of the charm
Yukawa coupling being carried out. One approach is to use Higgs association production
with a leptonically decaying Z boson (ZH channel). It provides a constraint of 110 times the
SM rate at 36.1 fb−1 [1] and a projection of 6 times the SM rate at HL-LHC [2]. Another
approach uses the decay of a Higgs boson into J/ψ and a photon, giving a looser bound on
charm Yukawa coupling of 50 times the SM prediction even at HL-LHC [3], due to vector
meson dominance in γ∗ − J/ψ mixing.

In our study, we propose to directly probe charm Yukawa coupling via vector boson fusion
(VBF) with an additional photon [4]. First, VBF channel has striking experimental signature
where a central Higgs is accompanied by two light jets with large rapidity gap. It can provide
complementary information to existing ZH channel. Second, the addition of the photon give
an additional handle to the trigger. Third, for multi-jet final states the photon suppresses the
gluon-initiated multi-jet background. In our study, we focus on is qqH(→ cc̄)γ. Backgrounds
include non-resonant cc̄jjγ background and Z + jets+ γ. Our preliminary cut-based analysis
on parton-level samples with only the signal and the dominant non-resonant background
showed that the sensitivity of this channel is comparable to the existing ones, which is quite
promising and worth pursuing.
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