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Overview

A pre-BBN early matter
dominated epoch impacts
thermal decoupling of dark

matter
Additional cooling of DM, Matter perturbations grow
reduced free streaming horizon linearly during EMDE

Cooling rate depends on the rate of
entropy injection during reheating

Boosts in sub-earth
mass halo populations

Amplification of DM annihilation rate at the galactic centers |
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How was the Universe prior to BBN?
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» Little to no constraints from * Most important particle physics events
inflation to BBN have happened during this time:
Universe must be radiation  EW phase transition, QCD phase
dominated around T > 5 MeV transition, Baryogenesis

e Dark matter production...



Early matter dominated epoch

Motivated BSM scenarios predict: meta-stable / long-lived particles dominating the
energy density of the universe
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Evolution of plasma temperature depends on the entropy injection rate I’ g k-m)

What are the cosmological fingerprints of EMDE?



Dark matter decoupling

Thermal decoupling = Chemical decoupling + Kinetic decoupling
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Dark matter decoupling

Thermal decoupling = Chemical decoupling + Kinetic decoupling

In RD: DM cools faster than radiation /SM Sl\/[\

after decoupling
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Dark matter decoupling

Thermal decoupling = Chemical decoupling + Kinetic decoupling
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Chemical decoupling precedes kinetic decoupling



Kinetic decoupling during EMDE

Momentum transfer in elastic scattering

i1 + 2T (a) [1 + %l(a>] = 2T(a) Vel ~ {T4’ (5 = wave)
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Kinetic decoupling during EMDE

Momentum transfer in elastic scattering
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Kinetic decoupling during EMDE

partial decoupling with I';, ~ const.
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Free streaming horizon is reduced if DM decouples (partial / full) during EMDE

Unless: multiple annihilation and elastic scattering channels are present
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Boost in sub-earth halo population
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Boost in sub-earth halo population
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Boost in sub-earth halo population
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Distinguishing dark matter models
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Distinguishing dark matter models
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Distinguishing dark matter models
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Implications of boost in small scale structures

Competing effects in DM annihilation rate:

™
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 Lower annihilation cross-section

* Higher microhalo population

Advantage of T-dependent entropy injection: allows larger
cross-section compared to usual EMDE
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Summary

A pre-BBN early matter
dominated epoch impacts
thermal decoupling of dark

matter
Additional cooling of DM, Matter perturbations grow
reduced free streaming horizon linearly during EMDE

Cooling rate depends on the rate of
entropy injection during reheating

Boosts in sub-earth
mass halo populations

Amplification of DM annihilation rate at the galactic centers |

AB, D Chowdhury, A Hait, Md S Islam, [2408.08360] Thank you
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