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Relentless freeze-out (faster than usual early expansion);
Radiation-dominated freeze-out; and
Matter-dominated freeze-out.

1.
2.
3.

For faster expanding, it is very bounded due to large cross-sections. 

For early radiation-dominated freeze-out, the model can be completely
unconstrained for DM mass around ≃ 200 GeV.

RULED

RULED

RULED

OUT
OUT
OUT

We explored the impact of different non-standard cosmologies on the right-
handed neutrino in a 2HDM augemented by B-L gauge symmetry.

For early matter-dominated freeze-out, a completely unconstrained DM mass
arises from nearly 400 GeV up so.
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STANDARD QUARK SECTOR                            SCALAR SECTOR

STANDARD LEPTONIC SECTOR + 3RHN

GAUGE SECTOR

Type I 2HDM augmentedType I 2HDM augmentedType I 2HDM augmented
by B-L gauge symmetryby B-L gauge symmetryby B-L gauge symmetry



The other two neutrinos generate the
active neutrino masses via Type I

Seesaw Mechanism.

Fermions interact only
with the second doublet.

@ Dirac mass @ Majorana mass

The DM candidate is odd under a Z2
symmetry to ensure stability.

The scalar singlet
spontaneously breaks the

B-L symmetry.

John Ellis et al. (ArXiv: 1504.07217)
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For s-wave annihilation cross-section and                     .

and after freeze-out                   , starting the relentles phase 

Just when , the Hubble rate wins and the relentless phase takes over.

in which DM tries unsuccessfully get back to thermal equilibrium.

The Relentless PhaseThe Relentless Phase


