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WIMP Paradigm

Giorgio Arcadi                                                                                         LNF 12-11-2018                                                           



RRelic Density

Indirect Detection s-wave
p-wave
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Dark portal examples

Spin-0 mediator

Spin-1 mediator

Not present for Majorana fermions
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(Real) Scalar mediator

Arcadi et al. 1703.07364
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Vector mediator

Giorgio Arcadi                                                                                         LNF 12-11-2018                                                           



Achieve sizable DM annihilation cross-section with suppressed scattering
cross-section on nuclei (not exhaustive list):

➢ Accidental cancellations (“Blind Spots“)
➢ “Natural “ suppression of the scattering cross-section, e.g. 

dependence on the momentum transfer (radiative
corrections can be relevant though)

➢ Break of the correlation between Direct Detection and relic
density, i.e. presence of additional annihilation channels
do not influencing Direct Detection. 
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(Berlin et al 1404.0022)

CP-violation is required

Radiative corrections relevant
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(Light) Pseudoscalar mediator

s-wave cross-section into SM fermions

Scattering cross-section on nuclei suppressed (at tree level)
by the fourth power of momentum transfer. 

(see also Arina et al 1406.5542, Bauer et al. 1701.07427,1712.06597)
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Tree level DM scattering cross-section suppressed

Dolan et al. arXiv:1412.5174
Döbrich et al. arXiv:1810.11336 
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For a review Cirelli et al arXiv:1307.5955
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Table from Dolan et al. 
arXiv:1412.5174



SI cross-section induced at the loop level
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2HDM
Can a light pseudoscalar be accommodated in the 2HDM ?
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60 GeV <mA<mh



The Dark Matter is a mixture of a SM singlet and two (Weyl) fermions doublets under SU(2)
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Exchange of CP-even Higgses induces SI cross-section.

Limits can be avoided in presence of the so called Blind 
Spots.
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In case the new fermions couple with only one doublet
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2HDM+Light Pseudoscalar

➢DM can be a pure SM singlet.
➢Higher hierarchy between the lighter pseudoscalar and the other new boson (not arbitrary

because of unitarity bound).                                                                                      
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Neglible for yukawa like interactions

SI cross-section induced at the loop level

(see also 1803.01574)
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Computation recently superseded by Abe et al
arXiv:1810.01039



G.A., M. Lindner, F. Queiroz, W. Rodejohann, S. Vogl
arXiv:1711.02110
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It is possible to have a WIMP model with typical scattering cross-section lying in the so-called
‘neutrino floor’
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Conclusions

A particularly interesting scenario is the case in which WIMP 
interactions are mostly mediated by a (possibly light ) 
pseudoscalar field.  

We have proposed an overview of possible implementations of 
this scenario from a simple portal to more refined models.
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