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Introduction: Neutrino physics

Standard Model of Elementary Particles

three generations of matter interactions / force carriers

Neutrino Properties
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Introduction: Sterile neutrinos

Neutrino mass generation is an original hidden sector theory

Neutrino oscillations -Neutrino mass -sterile neutrinos (dark fermions)
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Unseen in existing neutrino interactions Ve “r1 Cr2 € V3

sterile/right-handed neutrinos

Bruno Pontecorvo

recognized that the handedness of the weak interactio
meant that non-zero neutrino rest mass could enable
neutrino spin flip from active, left-handed states, to
“sterile”, right-handed states.

Soviet Physics - |ETP 26, 984 (1968)

m® ~ 7.6 X 10 V
m2, . ~ 2.4 x 1073 eV?

e 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.

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



Thermal History Universe: Lo eating Scenarios

HISTORY OF THF UNIVFERSF ’
STO NIVE e We don’t know cosmology before

accelerated
Cosmic Microwave Structure

BBN ( > 5MeV).
= o e Earliest data relative abundances
" of light elements formed during
BBN.
e \What if we consider a low
reheating temperature of the
Universe?

Low reheating temperature and the visible sterile neutrino

Graciela Gelmini', Sergio Palomares-Ruiz!? and Silvia Pascoli!
! Department of Physics and Astronomy, UCLA. Los Angeles, CA 90095, USA
* Department of Physics and Astronomy. Vanderbilt University. Nashville, TN 37235, USA
gelmini@physics.ucla.edu, sergiopr@physics.ucla.edu, pascoli@physics.ucla.edu

We present here a scenario, based on a low reheating temperature Tp < 100 MeV at the end of
(the last episode of) inflation, in which the coupling of sterile neutrinos to active neutrinos can be as
large as experimental bounds permit (thus making this neutrino “visible™ in future experiments). In
previous models this coupling was forced to be very small to prevent a cosmological overabundance
of sterile neutrinos. Here the abundance depends on how low the reheating temperature is. For
example, the sterile neutrino required by the LSND result does not have any cosmological problem
within our scenario.

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



Low reheating temperature

In low reheating universes, the sterile neutrino becomes “visible” !!

Standard

Low Reheating Temperature
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BSM Neutrino Sector Examples

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)



Existing lab limits: HUNTER, KATRIN/TRISTAN, MAGNETO-v, PTOLEMY
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https://hudsongroup.physics.ucla.edu/content/hunter-sterile-neutrino-search
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HUNTER spectrometer

Heavy Unseen Neutrinos by Total Energy-momentum Reconstruction Sterile neutrinos would be visible

to nuclear physics experiments!
kinematic reconstruction

experiment to search for
keV-mass sterile neutrinos
using electron capture isotope
131Cs (t = 9.7 days).
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Laboratory experiments: HUNTER, KATRIN/TRISTAN, MAGNETO-v, PTOLEMY

MAGNETO-v SENSITIVITY
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PTOLEMY
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low reheating temperature model with T = 5MeV
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PTOLEMY detect Cosmic Neutrino Background
(CNB) from neutrino capture on B-decay nuclei.



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

KATRIN/TRISTAN (detector)

Main goal of directly determining the effective electron anti-neutrino mass.

Spectroscopic measurement of the tritium B-decay spectrum.
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Tight cosmological constraints
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What does cosmology say?

What must happen in cosmology if these experiments see something? Dark decay could be involved

Majoron fields

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

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

Light boson mediator
A ménage a trois of eV-scale sterile neutrinos,

cosmology, and structure formation p

Dasqupta et al . (https:/arxiv.org/abs/1310.6337)
phase transitions

Probing sterile neutrino dark matter in the PTOLEMY-like
experiment

Choi et al (https://arxiv.org/abs/2212.14192)
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Gariazzo et al (https://arxiv.ora/abs/1404.6160) Temperature



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

Dark decay calculations

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

10721 . .
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Sterile Neutrino Sensitivity in the next Generation of Searches

o high mixing angle - large production - early decay

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

o 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)
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MAIN CONCLUSION

T, =7 MeV
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Abstract. The Affleck—Dine mechanism is an attractive scenario for generating
the observed baryon asymmetry of the universe utilizing flat directions in the
scalar potential of supersymmetric theories. In this mini review, we describe
this mechanism in its original version, its explicit realization within the minimal
supersymmetric standard model and its variants. We discuss the formation of a
condensate along the flat directions in the inflationary era, its post-inflationary
evolution leading to baryogenesis and its fate. In some cases the condensate may
fragment into non-topological solitons, known as Q-balls, during its evolution.
In models of gravity-mediated supersymmetry breaking, the Q-balls can be long-
lived, in which case their decay will be the source of all baryons and dark matter
in the form of the lightest supersymmetric particle. In models of gauge-mediated
supersymmetry breaking, the Q-balls can be absolutely stable and form dark
matter that can be searched for directly.




