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Introduction: Neutrino physics

        mass-squared differences/mixing angles.

        absolute masses, mass-hierarchy, CP violating phase,...
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Introduction: Sterile neutrinos

Neutrino oscillations         Neutrino mass              sterile neutrinos (dark fermions)
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● We need 2  ~ 100GeV sterile neutrinos to produce the 2 known mass difference scales 
(only hidden sector model with evidence for its existence from lab)

● 3rd sterile neutrino has complete freedom!
● Sterile neutrinos in the keV scale are viable candidates for dark matter. 

Neutrino mass generation is an original hidden sector theory

sterile/right-handed neutrinos 

https://arxiv.org/pdf/1204.5379.pdf



Thermal History Universe: Low reheating Scenarios 5

https://arxiv.org/pdf/astro-ph/0403323.pdf

● We don’t know cosmology before 
BBN ( ≽ 5MeV).

● Earliest data relative abundances 
of light elements formed during 
BBN.

● What if we consider a low 
reheating temperature of the 
Universe?



Low reheating temperature

LOW REHEATING INFLATION AND STERILE NEUTRINOS:
Decay/re-heat “close” or during/after BBN (Kishimoto, Kusenko 2012; Rasmussen et al.2021; Gelmini et 
al. 2021)
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In low reheating universes, the sterile neutrino becomes “visible” !!

https://arxiv.org/pdf/1909.04168.pdf

-Cosmological bounds not robust.

-Direct laboratory searches 
(results independent of 
cosmology) can test both, particle 
physics and cosmology. 

 -A visible sterile neutrino could be 
the first preBBN remnant.

Gelmini et al. 2019



Existing lab limits: HUNTER, KATRIN/TRISTAN, MAGNETO-ν, PTOLEMY  7

Sterile neutrinos would be visible 
to nuclear physics experiments!

https://hudsongroup.physics.ucla.edu/content/hunter-sterile-neutrino-search

kinematic reconstruction 
experiment to search for 
keV-mass sterile neutrinos 
using electron capture isotope 
131Cs (t = 9.7 days).

with sufficient resolution to 
probe the mν = 30 - 300 
keV mass range.



Laboratory experiments:  HUNTER, KATRIN/TRISTAN, MAGNETO-ν, PTOLEMY

MAGNETO-ν SENSITIVITY
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PTOLEMY https://arxiv.org/pdf/2212.14192.pdf

PTOLEMY detect Cosmic Neutrino Background 
(CNB) from neutrino capture on β-decay nuclei.

MAGNETO-ν upcoming experiment is a search for keV sterile neutrino in 241Pu beta decays with magnetic quantum sensors.

Geon-Bo Kim 
Lawrence Livermore National 
Laboratory



Laboratory experiments:  HUNTER, KATRIN/TRISTAN, MAGNETO-ν, PTOLEMY

KATRIN/TRISTAN (detector)
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PTOLEMY
Main goal of directly determining the effective electron anti-neutrino mass.

Spectroscopic measurement of the tritium β-decay spectrum.

New detector system 
TRISTAN detector currently 
being developed

● Extend measurement 
interval to several keV

●  Improve 
laboratory-based 
sensitivity to 
keV-scale sterile 
neutrinos

https://arxiv.org/pdf/2207.06337.pdf



Tight cosmological constraints 10

https://arxiv.org/pdf/2203.07377.pdf

Within the Standard (usual) thermal history of the Universe
                                                                        very constrained by cosmology in this parameter space!



What does cosmology say? 11

What must happen in cosmology if these experiments see something?

Cosmological Invisible Decay of Light Sterile 
Neutrinos
Gariazzo et al (https://arxiv.org/abs/1404.6160)

Probing sterile neutrino dark matter in the PTOLEMY-like 
experiment
Choi et al (https://arxiv.org/abs/2212.14192)

A ménage à trois of eV-scale sterile neutrinos, 
cosmology, and structure formation

Dasgupta et al . (https://arxiv.org/abs/1310.6337)

Blocking Active-Sterile Neutrino Oscillations in 
the Early Universe with a Majoron Field

Bento et al. (https://arxiv.org/abs/hep-ph/0108064)

Dark decay could be involved 

phase transitions

Light boson mediator

Majoron fields

https://arxiv.org/search/astro-ph?searchtype=author&query=Gariazzo%2C+S
https://arxiv.org/abs/1404.6160
https://arxiv.org/search/astro-ph?searchtype=author&query=Gariazzo%2C+S
https://arxiv.org/search/hep-ph?searchtype=author&query=Dasgupta%2C+B
https://arxiv.org/abs/1310.6337
https://arxiv.org/search/hep-ph?searchtype=author&query=Bento%2C+L
https://arxiv.org/abs/hep-ph/0108064


Dark decay calculations 12

Within a low reheating scenario, a dark decay through a Z’ or a new scalar, can lead to 3 body or 2 body 
decay to relativistic particles:

1. Happen without violating 
cosmological constraints!

2. Can provide extra Neff to alleviate 
Hubble tension

TRH=7 MeV



Sterile Neutrino Sensitivity in the next Generation of Searches 13

○ high mixing angle               large production             early decay

○ Small mixing angle             small production             late decay to boost abundance relative to relativistic sector

○ Looking at radiative decay, in late-decay scenarios most constraining at large masses, but still not significant 
effect on CMB spectral parameters (by a factor ~10). 

Hu et al. (https://doi.org/10.1103/PhysRevLett.70.2661)

TRH=7 MeV



MAIN CONCLUSION

Current/upcoming 
laboratory experiments 
may reveal (within the 
next few years) an 
exotic early Universe, 
explaining the first 
detected remnant from 
the untested pre-BBN 
era in the Universe.
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Abazajian, García 
Escudero in progress 
(2023)

TRH=7 MeV
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TRH=7 MeV

TRH=3.9 MeV
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