Roads to right-handed neutrino
Dark Matter



Motivation

Propose an extension of the 2HDM:
» Accommodates the a viable DM candidate
» Accommodates generation of neutrino masses

» Automatically addresses the flavor problem
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The Model

SM 2HDM+U (1)

Z/7’ mass+kinetic mixing

Z/7’' portal to DM

DM (Right handed neutrino)
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— Ly, = y4,Q.Podyr + yszagf)QubR + 4% La®oeyr + h.c.

. The lightest neutrino N, is odd under
a Z, simmetry and hence the DM
candidate.

o (i) (5)

_ Y y"v;

mp = —— M, =
D 2\/7 R 2\/7

—Ly, D Yab La®2 Ny + yM(Nug)e®Nyg + h.c.

The other two neutrinos generate light
neutrino masses via See-Saw

»
»
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Constraints

DM Direct Detection

N1y*ysN1qy,q = 2V '§N + 2i§N ' (gn X mi>
N

No dependence on nucleon spin. Coherent
enhanchement at the nuclear level.

N1V“V5N1(7Vuysq > Conventional SD Interaction (induced by Z/Z’ mixing)
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Atomic Parity violation
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Limits from searches of HX and b — sy.
Can be converted into limits on the mass of the Z'.
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LHC searches of Z’

» Searches for heavy (M,, = 1 TeV) dijet resonances.
» Searches for light (down to M,, = 45 GeV) dijet resonances.
» Searches of heavy (M,, = 600 GeV) dilepton resonances.

» Monojets.
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Scenario I: Thermal Relic density

For definiteness we have considered X=B-L

Oh? « 1
(ov)
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Alternative Roads for Dark Matter Relic Density
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Modified Cosmological History

We include an additional exotic component which can dominate the energy
density of the Universe. (We assume, for simplicity, that such additional
component does not produce non-thermally DM).
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Considered scenarios

Freeze-before Early Matter Domination

Y - YDM,thermal
DM — D

Freeze-out during Early Matter Domination
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Early Radiation-dominated Freeze-out

Early Matter-dominated Freeze-out
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Faster Than Usual Early Expansion
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Conclusions

We have discussed the Dark Matter phenomenology of a 2HDM+U(1)
model.

This model incorporates DM, neutrino masses and accommodates the
absence of FCNC in the 2HDM.

We have focussed on DM production mechanism considering the
Standard freeze-out paradigm as well as the production in non-Standard
cosmological histories.
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