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The Higgs-portal: Definition

The Higgs-portal scenarios/models are scenarios in different models
of particle physics in which the particles that account for the DM in
the Universe interact only through their couplings with the Higgs
sector of the theory.
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The DM can be detected in annihilation processes, nucleon scattering
in direct detection experiments, or in invisible Higgs decays.




The Higgs-portal: The Standard Model scenario

The simplest Higgs-portal scenario is when the Higgs sector is kept
minimal postulated in the SM: the single doublet Higgs field that
leads to the unique H boson which has been observed so far.

The DM particle in the SM can have three possible spin assighments:
* spin-0 or scalar particle;

* spin-1vector boson;

* Dirac or Majorana spin-1/2 fermion;

(a spin-2 DM state has been also proposed > NR / effective theories).
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The Higgs-portal: The SM with extended H sector

The Higgs sector of the 2H model has 5 physical states after EWSB:

* 2 CP-even neutral ones which have properties of the SM H;

* CP-odd or pseudoscalar neutral H;

* 2 charged H states with properties different from those of the SM H.

The presence of additional particles leads to a rich phenomenology
and interesting new signatures.

Further extesion of SM H sector: additional singlet Higgs field.



The Higgs-portal: SUSY extensions of the SM

The H sector of the MSSM again involves 5 physical states after EWSB:
* 2 CP-even neutral ones that mix and have properties of the SM H;
* CP-odd or pseudoscalar neutral H;

* 2 charged H states with properties that are completely different
from those of the SM H boson.

SUSY extensions imply the existence of fermionic partners to Higgses.

There is an ideal candidate for WIMP which can form the CDM: the LSP,
a neutralino, a mixture of the partners of the neutral gauge and Higgs
bosons. It is stable if a symmetry called R-parity is conserved.



The Higgs-portal: SUSY extensions of the SM

Further extension of the MSSM H sector is becoming popular by now,
is the so-called NMSSM in which a complex singlet field is added to
the 2H doublet model giving extra CP-even and CP-odd H particles.

When the partners of the fermions are very very heavy as we know
from the LHC data, the neutral states of the H sector are the privileged
portals to the DM neutralino in a large area of the parameter space.



The Higgs-portal: Invisible Higgs decays (exp)

4.9 (7 TeV) + 19.7 ib™ (8 TeV) + 38.2 b (13 TeV)
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The Higgs-portal: Invisible Higgs decays (exp)
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The Higgs-portal: Summary

* Dark Matter exists, properties are not known completely.

* There exist a lot of models of particle physics with Higgses.

* The most popular are the SM, 2HD SM, 2HD+S SM, MSSM, NMSSM, ...
* The presence of new particles leads to interesting new signatures.

* The properties of the Higgs boson discovered at the LHC can put
stringent constraints on DM models.

* The collider searches for the DM means probably the searches for
invisible Higgs decays.

* Physics Reports, Volume 842, 3 February 2020, Pages 1-180


https://www.sciencedirect.com/science/journal/03701573
https://www.sciencedirect.com/science/journal/03701573/842/supp/C
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