
How new physics affects cosmic neutrinos around their decoupling

Maksym Ovchynnikov
Dark matter and neutrinos 2025

May 22, 2025



Introduction

Neutrino decoupling

– Neutrinos in the Early Universe were in thermal equilibrium:
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– Temperatures T = 0:5� 5 MeV – neutrinos decouple:

�int;� ’H (2)

– Standard cosmological scenario [2306.05460]:
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agrees with CMB measurements Ne� = 2:99� 0:17 at 68% CL
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https://arxiv.org/abs/2306.05460


Introduction

Neutrino decoupling and “BSM” – why interesting? I

1. Earliest times when
BBN/CMB may be a�ected
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Introduction

Neutrino decoupling and \BSM" { why interesting? II

2. A broad range of
BSM/\non-standard" scenarios

{ Late reheating scenarios

{ Long-lived particles (LLPs) relics

{ Lepton asymmetries

{ Evaporating black holes

{ Decaying topological defects

{ . . .

{ Combination of these
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Introduction

Neutrino decoupling and \BSM" { why interesting? III

3. LLPs: Complementarity between cosmological and lab probes

{ Example of LLPs: HNLs, dark photons,
ALPs, Higgs-like scalars, etc.

{ Large couplings g: target for laboratory
experiments

{ Small couplings g: may be probed by
cosmology
Edge of constraints/sensitivities: neutrino
decoupling times

{ Domain in between: a target for future
experiments such as SHiP
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