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Introduction

Freeze-Out & Freeze-In

Freeze-Out & Freeze-In

Pheno-2020
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Dark Energy

Freeze-out

- In thermal equilibrium with SM at early time

- Larger coupling (cross section), Less relic
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- Out of thermal equilibrium with SM
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DM Searches

DM Searches
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Production at colliders

Direct detection

Dark Matter -
Standard Model

mediators
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Introduction EMDE Pheno-2020

Early Matter Dominated Era (EMDE)
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EMDE & Relic Density

EMDE and Relic Density
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Neutrino Portal Model Setup Pheno-2020

Neutrino Portal
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Neutrino Portal Thermalization of N Pheno-2020

Thermalization of N Freeze-In Condition
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Phenomenology Studies Scan setup Pheno-2020

Phenomenology

Parameters Case A Case B
My [1 GeV, 10* GeV| | [ms, 10° GeV]
mg [my, 10° GeV] | [1 GeV, 10* GeV]
my 110 GeV, 10° GeV]|
T 1102 GeV, 5 x 10' GeV|
T, |4 MeV, T;]

Yvij: Determined from Type-| seesaw mechanism.
Ay Providing the observed relic density

Thermalization of N
Freeze-in condition satisfied
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Phenomenology Studies Direct Detection Pheno-2020

Direct Detection
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Phenomenology Studies

Indirect Detection

Indirect Detection

Pheno-2020
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Summary

Summary

* Explored the neutrino portal Freeze-ln DM model
with Early Matter-dominated Era (EMDE)

 EMDE should be compensated by larger couplings in
order to obtain observed relic density for Freeze-In

e The enhanced cross section in indirect detection is
within the reach of current indirect detection
experiments

Thanks for Attention!
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Appendix Pheno-2020

Backup Slides
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Appendix

Hubble Parameter

Hubble Parameter
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Appendix Dark Matter Yield Pheno-2020

Dark Matter Yield
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Appendix Type-l Seesaw Pheno-2020

Type-l Seesaw
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Phenomenology Studies Parameter spaces Pheno-2020
Parameter spaces (S-channel Only)
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Phenomenology Studies

Parameter spaces

Parameter spaces (All channels)

Pheno-2020
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