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We use the FPVDM construction [Belyaev et al., arXiv:2204.03510] an
SU(2)p vector-like fermion doublet , in addition with a vr as the portal,
applied here to Dirac neutrino masses.



The model
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The model
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Fields su@)|lU)y]|su©@)p  Dirac Neutrinos, lepton number
- ( /s ) ] ; ’ | conserved. |
P_1/2 There is « Masses from a Dirac seesaw
Vi < also a withVr .
Vou = ( Vs ) L 0 - U(1)yo * One massless neutrino (ranks 2).
Vo, C global
Vi Dy
= <z) 2 -1z 1 symmetry
VRk - 1 0 1




6-dimensional parameter space

In this work, we consider:

Dirac-seesaw limit No Higgs Portal Degeneracy in the fermion masses

Mp >> My Aup =0 My = My, = My,  Mp = Mp, = Mbp,
B The lightest Z2-odd particle is the DM candidate

Parameter Description
MvEB Tree-level dark gauge-boson mass, My = gpvp /2
e, | Vector-like mass of the dark neutrino Np
gp SU(2)p gauge coupling
My, Dark Higgs mass
Mp Dirac portal mass, Mp ~ Y'vp
P Simplified angle parametrising a reduced 3 x 2 Y” Yukawa structure




Scan: perturbativity + unitarity
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The lower-left diagonal region in the plots corresponds to the limit whereY’ ~ 107¢ and Y}’, ~ 41t , whereas

the upper-rightregion represents points from the parameter space with Y;; ~ 107°. It is important to
mention that these regions are already mildly constrained by the unitarity bound (gray points) arising from
the NV->NV scattering channel.

Relic density, direct detection ,among other cosmology observables have not been applied yet!!



Dirac-seesaw hierarchy
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M e Dirac seesaw mechanism lift Y” between ~ 10~° to 47

M p neutrino masses

e From the Dirac-seesaw suppression arises small



Future Work

« Analyse separately the relic density in the allowed parameter space for the fermion
( Np ) and Vector ( V5 ) DM candidate. Furthermore, compare in which scenario
the relic density is full reproduced, i.e, freeze-out vs freeze-in (in the tiny gp
region).

* |dentify regions of the parameter space that avoid direct detection (loop-induced
-V mixing as in FPVDM) constraints.

* Discuss possible signals at colliders such as : HL-LHC and FCC-hh, only if gp is
sufficiently large and the dark-sector masses are around the electroweak/TeV
scale.
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The subscript L in V* stands for
longitudinal degrees of freedom, while, In
the fermion N denotes a left-handed
neutrino.

HIERCHACHY IN THE YUKAWA COUPLINGS

S

Yukawa coupling for Dirac neutrinos in the
SM typically y ~ 1073, In order to have
sizeable couplings, we choose: y > 107°




