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Dark Sectors of Astroparticle Physics (AstroDark-2021): Axions, Neutrinos, Black Holes and Gravitational Waves

Introduction = DM decouples from internal thermal
bath early and freezes out: LEAK-IN.

Decades after the first observational evidences, the origin and = [e=992x102 | DM decouples lately and again pro- I
composition of the dark matter (DM) is still illusive. m, = 3x10* GeV‘? duced from SM bath: FREEZE-IN. 2" 2 BBN: 7' < o 7' vv-.

Few possibilities of DM: Weakly interacting massive particle (WIMP), ) s - After decoupling much lately from | i, | = Neutrino luminosity after 1s of Supernova

Feebly interacting massive particle (FIMP), Axionic DM, Secluded sector interanal thermal bath, DM are pro- - : ] 1987A: presence of extra light degrees of

DM etc. B TN 21x10" ] duced rapidly from SM bath and attain freedom can enhance the rate of cooling of

Froezein o o 4.4 % 107 quasi-static equilibrium(QSE). At later - N 1087 A
Secluded sector DM: Energy exchange is possible between Dark Sector Leak-in: 0, = 1.43 x 10° time DM decouples from this QSE and 12§ ] :

and Visible Sector. 0 100 107 100 100 100 10° freezes out: REANNIHILATION. T —— |

x =(m,/T) logyo(my/1GeV)

Our objectives are:
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90 [ m, =3 x 10" GeV| £=9.92x 102
o, =1.45 x 10°

— search of DM production mechanisms in such non-adiabatic scenario. .. i ' e—64x10° | - - - -
P « Large ¢ : DM remains in thermal equi- , ] ] Observations of steller cooling and white dwarf cooling.

— investigate detection prospects of hidden sector particles. librium for long time, DM

Beam Dump experiment.

production does not effect final relic, o. | <
known as Late Leak-in. oy B N Recent measurement of muon g — 2 by Fermilab.

= Small ¢ : freeze-in term effects in
final relic abundance of DM, known as
Early Leak-in.

Result and Conclusion
We have considered U(1) x®U (1), 1. extension of the SM gauge group.
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Tree level kinetic mixing between 2" and ZLM_LT' Constraints on HS Non-adiabatic evolution of HS is one of possible nature of DM.

The Lagrangian of our model: : : Lt : : :
srang Leak-in, Freeze-in, Re-annihilation all three are possible in a single

1.9 5y 5 L P SIN0 4 frame work
L=Lqy+L + Lt + o I8 72 + -2 7+ —— 2077 '
SM T ~K.E. it T o T A uT S HTp P9 THTTPO = Model parameter space can be constrained theoretically:

A huge parameter space still allowed even after constraining model

Masssbasis of Z' and ZLM_LT: interaction of dark vector boson with DM — HS is not internally thermalized — ¢ < 10— 11, parameter space by direct detection and inderect detections.
and SM bath:

— WIMP next door: HS and VS will be in thermal equilibrium — ¢ > 1070 .

_ / — — — — /
LD —QXXWPXZ,OJF €<,LWPM+ VP Prvy — 907 — VT’YpPLVT> Z, — Under abundant: DM production at early era is low, therefore it can never
attain observed relic density — ¢ < 1071° . Acknowledgements

Model parameters: m,, m,, ax, €. . . . _ N
— Pertubative region: observed relic density of DM can be satified for ay > 4r.
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