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Motivation and overview

WIMP paradigm is an elegant solution for the Dark Matter problem.
We provide an overview of the capability of current and future Direct
Detection experiments of testing the WIMP paradigm

Case of study:“Dark Portals”

Critical assement about the theoretical limitations of “simplified” dark
matter models and the possibility of embedding in UV complete setups.
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WIMP scenarios feature a strong complementarity between Dark Matter searches.
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Simplified models: “Dark portals”

Mediator sector

Single state interacting with DM
and fermion pairs.

Optional: neutral SM mediators
(Higgs, Z, might do the job)

Visible sector Trivial dark sector

Only the DM candidate
Stabilized by a global

SM states symmetry
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Simplified vs UV complete models

+ Few free parameters: efficient +More solid predictions.
interface with experimental
output -Potentially high number

of free parameters
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Complementarity in simplified models
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Examples of Dark portals
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WIMP Paradigm
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DM Direct Detection

Microscopic description through interactions of DM with quarks (or gluons)

Translated as effective interaction with nucleons.
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Two kinds of interactions customarily distinguished

Spin Indipendent (SI) interactions: Sum coherently among nucleons of the target

Spin Dependent (SD) interactions: Sensitive to the contributions from protons and nucleons
to the nuclear spin.
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Higgs Portal Scalar DM
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Z-portal Scalar DM
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Z-portal non-Abelian Vector DM
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Spin-0 (real) mediator
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Dirac vs Majorana
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Pseudo-scalar portal
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Scalar+(light pseudoscalar mediator)
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RGE Corrections
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Unitarity bound

In a not gauge invariant setup axial couplings lead to
cross-sections which violate perturbative unitarity
(Kahlhoefer et al: 1510.02110)
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Towards UV complete models:spin-0 mediators
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DM Interactions

Scalar DM
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Spin-1 as new gauge bosons

Spin-1 BSM mediators can be interpreted as gauge bosons of extra symmetry
groups

Es — SO(10) x U(1)y . Extra U(1) from Grand Unified theories
SO(10) — SU(5) x U(1),
SU(2)1, x SU(2)r xU(1) g_1. — SU(2)xU(1)y xU(1)Lr
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General implementation:
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Coupling with the visible sector throught kinetic mixing
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t-channel mediators

L=—-Ay,Vyxqr + h.c L = —AEqEquH + h.c.

Mediator is (partially) charged under the SM group. Possible complementarity
with LHC.

Dark Matter stable only if lighter than the mediator.

Coannihilations possibly relevant for the relic density.
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Dirac DM, Az, =1

Majorana DM, Az, =1
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Conclusions

We have provided an overview of current and next generation
Direct Detection facilities of probing the WIMP hypothesis.

Simplest realizations suffer increasing experimental pressure.

Definite statements require to go beyond the ‘simplified
models’ level.
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