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Abstract: I will discuss the prospects of searching for exotic Higgs decays at the proposed Large Hadron Electron Collider (LHeC), which is a high
luminosity electron-proton collider expected to run synchronously with the HL-LHC. Two examples will be presented, namely the invisible Higgs
decay and the Higgs decaying to 4b via intermediate scalars. Compared to the HL-LHC, the LHeC is demonstrated to yield at least comparable
sensitivity in the invisible Higgs channel and much better sensitivity in the Higgs to 4b channel. These results are very attractive if there is no
available lepton collider which can copiously produce the Higgs boson before the end of the HL-LHC.
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Exotic Higgs decays are well-motivated signatures in a wide class of
BSM theories. They provide interesting probes of light new physics
scenarios which are not less important than heavy new physics
scenarios.
Two of the important exotic Higgs decay channels are invisible
Higgs decay and h→φφ→4b (φ denotes a spin-0 particle).
Exotic Higgs decay searches at the (HL-)LHC could suffer from large
backgrounds, pile-up effects and difficult control of systematics.
On the other hand, there is non-negligible probability that a lepton
collider with sufficient c.m.s energy to produce Higgs bosons won’t
be available before the end of the HL-LHC.
Therefore it is important to consider other options to go beyond
the HL-LHC sensitivity in the HL-LHC era.
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The LHeC[1] is designed to collide a 60 GeV electron beam
(80%~90% left-handed) against the 7 TeV HL-LHC proton beam.
The integrated luminosity can reach 1 ab-1.
Compared to HL-LHC, the LHeC does not suffer from pile-up.
The tracker and muon detector of the LHeC are expected to have a
very large pseudorapidity coverage.
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NC channel, ~25fb before
Higgs decay
Backgrounds: Wje, Wjν, Zje,
other (top, e+multijet, PHP)
Parton-level cut-based
sensitivity: probing Br(h>invisible) =6%@2σ level
with 1 ab-1 [2].
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Very difficult decay
channel at the HL-LHC
CC channel, ~200fb
before Higgs decay
Backgrounds: CC multijet,
CC t/h/W/Z+jets, PHP
multijet.
PHP backgrounds
assumed to be negligible
after MET requirements
and electron tagging.
Parton level analysis [5].
Jet energy smearing

Event selection
Detector level study with MVA Probing 4.6% Br @ 2σ with 1 ab-1.
(Preliminary results by S. Kawaguchi and M. Kuze, Tokyo Institute of
Technology)
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Basic cuts:
MET > E0 = 40 GeV
4b-tagging:
4b mass window:
2b mass window for “correct grouping”:

b-tagging scenarios

Comparison with the HL-LHC
Sensitivity
ZH Channel (ATLAS) [3]
VBF Channel (CMS) [4]
(Based on extrapolation, probing 5.6% Br
@ 95%CL, sensitive to assumptions on
systematics.)

Conclusion and Discussion
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•

If a lepton collider Higgs factory is not available before the end of the HL-LHC,
then the LHeC will be the only option at our hand to go beyond the original
HL-LHC sensitivity for Higgs physics in the HL-LHC era.
Compared to the HL-LHC, the LHeC may provide competitive sensitivity in the
invisible Higgs channel and much better sensitivity in h→φφ→4b channel. It
is also valuable to consider other exotic Higgs decay channels at the LHeC.

