Singlet Scalar Model Benchmarks for Di-Scalar Production
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One of the most important processes to be studied at the LHC and future colliders is
double Higgs production. This process is sensitive to the shape of the scalar potential, and
hence the source of electroweak symmetry breaking. Any change in the scalar potential
away from Standard Model expectations will change double Higgs rates.

Some of the simplest extensions of the Standard Model are the addition of either a real or
a complex scalar singlet, which at the renormalizable level only change the scalar potential.
Beyond their simplicity, these models can also provide a strong first order electroweak phase
transition necessary for electroweak baryogenesis [IH5]. Hence, these are good benchmark
models with which to compare searches at the LHC and future colliders.

These simple extensions can drastically change double Higgs phenomenology. In both
the real and complex scalar singlet extensions, if kinematically allowed, it is possible to
resonantly produce double Higgs. In the complex singlet model, there are two additional
scalars. Hence, it is also possible to resonantly produce a Higgs with a new scalar or to have
double production of the new scalars.

We propose to extend our previous work [6l [7] to produce benchmark points for double
scalar production at the LHC and future colliders. We will maximize the branching ratios
into the various resonant di-scalar final states in both the real singlet and complex singlet
models. No additional symmetry, such as a Z,, will be applied and the most general scalar
potentials will be assumed. These points will incorporate future projections of limits on the

mixing angle between the Standard Model Higgs and other scalars.
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