When Freeze-Out Occurs Due to a Non-Boltzmann Suppression: A Study of Degenerate Dark Sector
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ABSTRACT

In a degenerate/quasi degenerate dark sector, chemical imbalance can also be generated from a mechanism which is analogous to the radioactive decay law, known as co-decaying dark matter. Here, we have studied the
dynamics of a thermally decoupled dark sector in a hidden U(1) x extension of the Standard Model (SM). We compute the relic density as well as the temperature evolution by taking into account all the 3 — 2 processes in

our model. We have also investigated the constraint arising from various direct and indirect searches. We have found that for degenerate scenario, all the existing bounds can easily be evaded but the bounds are significant
\for quasi degenerate scenario.
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R SUMMARY AND CONCLUSIONS
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e A complex scalarn (1, 1, 0, 2).  The out-of-equilibrium decay of long-lived mediator particle such as Z’ and h4 leading to delayed
e We impose a Zy symmetry and &;1, is Zs odd but 31, is Zs even = 1 &{; &2 1s forbidden. freeze-out of Dark Matter and this is known as “Co-Decaying Dark Matter".
DM annihilation channels e The dark sector enters into thg Cannibal pha.s? due to the presence of 3 — 2 processes and during this
N b v “ Chy hy phase the temperature evolution changes significantly.
* We have investigated the allowed region of parameter space from v and ~ ray signals from DM annihi-
Chg lation via one step cascade process.
 The bounds from direct, indirect, laboratory and astrophysical searches can be easily evaded in case of
S S E hg Y 4 “ohy o Oy degenerate dark sector. However for non-degenerate dark sector, a certain region of the parameter space
Xi 7 Xi 7 7' is significantly constrained from the measurement of diffuse v ray flux by INTEGRAL, CMB anisotropy,
,\rrﬁ _ and positron flux by AMS-02 experiment.
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