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We consider a singlet extension of the standard model in which the active light neutrino masses
are generated via the TeV scale inverse seesaw mechanism whereas a singlet scalar is introduced
as the candidate for dark matter. We show that although these two sectors are disconnected at
low energy, the coupling constants of both the sectors get correlated at high energy scale by the
constraints coming from the perturbativity and stability/metastability of the electroweak vacuum.
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1. Inverse Seesaw Mechanism, Scalar Dark Matter and Vacuum Stability

Mh 125.7 GeV, s Mz 0.1184
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It is well known that the electroweak vacuum of the Standard Model (SM) is in the metastable
region. We have studied the stability of the electroweak vacuum in the context of TeV scale inverse
seesaw extended with a scalar singlet dark matter. Thus, the additional particles are three right
handed neutrinos NR , three singlet fermions νS and a singlet scalar S. NR and νs have opposite
lepton numbers and the scalar S is odd under a Z2 symmetry S → −S . We analyze the interplay
between the contribution of the extra singlet scalar and the singlet fermions to the EW vacuum
stability. The coupling constants in these two seemingly disconnected sectors can be correlated at
high energy by the vacuum stability/metastability and perturbativity constraints.
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Figure 1: Phase diagram in the Tr[Yν†Yν ] - κ plane.
of κ < 0.16 are disallowed by LUX-2016 data
The three boundary lines (two dotted and a solid)
along with the relic density constraints.
correspond to Mt = 173.1 ± 0.6 GeV (3σ ). The
The presence of the fermionic Yukawa coudark matter mass is dictated by κ(Mz ) to give the
correct relic density.
plings drives the vacuum more towards instability while the singlet scalar couplings push the
vacuum towards stability. We find that it is possible to find parameter spaces for which the electroweak vacuum remains absolutely stable in the presence of the extra scalar particle. We find an
upper bound from metastability on Tr[Yν†Yν ] as 0.25 for κ = 0, which increases to 0.4 for κ = 0.6.
Here, Yν is the Yukawa coupling matrix of the neutrinos. The correlations between the Yukawa
couplings Tr[Yν†Yν ] and κ is presented in the phase diagram shown above.

