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The Standard Model of particle physics has been extensively tested for a few decades and is the most successful
description of nature. Nearly all theoretical Standard Model predictions have been experimentally verified and the last
missing piece, the Higgs boson, was discovered in 2012 [2, 3]. This is undoubtedly a fascinating discovery in the field of
particle physics and might be the final missing piece. Nevertheless, there is no experimental verification that it is the only
Higgs boson, and it will be tested at the LHC and future colliders. While the Standard Model of particle physics keeps
on triumphing, there is a vast amount of both theoretical and experimental phenomena that cannot be resolved within the
Standard Model framework. Cosmological observations, based on the standard cosmological model, ΛCDM , where CDM
stands for cold dark matter, indicate that around a quarter of the total mass-energy density of the Universe is made up of
dark matter [1]. However, there is no good dark matter candidate within the Standard Model framework. The multi-Higgs
models could resolve some of the Standard Model issues and are commonly invoked when models beyond the Standard
Model are constructed. Thus, we propose and are motivated that such extension could potentially solve several problems.

Models with two or more scalar doublets with discrete or global symmetries can have vacua with vanishing vacuum
expectation values in the bases where symmetries are imposed. If a suitable symmetry stabilises such vacua, these models
may lead to interesting dark matter candidates, provided that the symmetry prevents couplings among the dark matter
candidates and the fermions. We analyse three-Higgs-doublet models with an underlying S3 symmetry. These models
have many distinct vacua with one or two vanishing vacuum expectation values [4] which can be stabilised by a remnant
of the S3 symmetry which survived spontaneous symmetry breaking. In our framework the stability of the dark matter
sector results from a Z2 symmetry. We identify all possible dark matter models based on vacua in the context of S3-
symmetric three-Higgs-doublet models, allowing also for softly broken S3.

We focus on a specific S3-symmetric scalar model R-II-1a [5]. In the case we explore, one of the doublets provides
the dark matter sector, while the other two are active. Therefore, the active sector behaves in many ways like a two-Higgs
doublet model [6, 7]. The way the fermions couple to the scalar sector is constrained by the S3 symmetry and is such that
the flavour structure of the model is solely governed by the VCKM matrix which, in our framework, is not constrained by
the S3 symmetry. In the model there is no CP violation in the scalar sector. The R-II-1a model is compatible with several
constraints, both theoretical and experimental. After performing the numerical analysis we found a possible dark matter
mass range [52.5, 89] GeV.
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