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Prerequisite [ - baryon agsymmetry
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Every (dynamical) model needs to explain Y] o4,y = (8.66 = 0.01) x 107!



Prerequigite |

Dynamical creation of the BAU ie fundamentally constrained => Sakharov Conditions

* Baryon number violation
* Fundamental digtinctness of particle and anti-particle (C & CO violation)
* Time window in which dynamics falls out of equilibrium

Deviation from

thermal equilibrium
A Symmetric Phage
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Prerequisite [l - neutrino masses




Prerequigite

Obgerved left-handed neutrino ogcillations imply that they are magive.

source

survival probability

L/E

The posgible Majorana nature of the neutrinos introduces the See-Saw framework!
We will focug on the minimal scenario with 2 right-handed neutrinog.
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right-handed neutrino

light active neutrino




Prerequigite

Digplaced vertex gearches
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Direct Searches in |U2|

Future experimental sengitivity ™
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Larger mixinge can be achieved via an approximate Lepton Number eymmetry!
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Leptogenesis

Baryon agummetr
: g. : Neutrino magges
of our Univerge
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Leptogenesig

Temperature
T L and CP violation => L #0

Tox 1/t

EWOT

Freeze-out of SM gphaleron procesg which congerve B - L

Tew =~ 140 GeV

\ 4
Final baryon agymmetry, B # 0, today

3k Realization of thig idea at tegtable right-handed neutrino mage gealeg via oscillationg



Leptogenesig via ogcillationg

I Deviation
...... e rmaequnbﬂumlml’r> from thermal
equilibrium at

EWPT

HNL abundance ‘

CO violating ogcillation of the
Heavy Neutral Lepton

C

Initial O abundance

time
=> freeze-in
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Leptogenesig via ogcillationg

Quantification of the agymmetry via quantum Boltzmann equation
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Quantum CD violating ogcillationg dictated Thermalization efficiency
dengity matrix by degeneracy H o« AM;/k, M’ « YY?

Diregt’ Searches in |U/;

Estimated equilibration rate at EWOT
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Adiabatic Approximation



Adiabatic Approximation

) Derturbative golution in LNV Yukawa y” and LNV interaction rate (M/T)?

2) Use the pregence of 2 different time scaleg € = /T,

Damped ogcillations Fast ogcillations
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Part [ - Damped oscillations



Leptogenesis via ogcillations |

If oscillations are damped one mode remaing weak until EWOT => BAU can be gtored

Use approximate Lepton Number symmetry to enqure: i) p < A & AM < M & i)y’ < y
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Thermalization probability

OO0% before EWOT
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100% after EWOT
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_ Electroweak phage trangition
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Leptogenesis via ogcillations |

Adiabatic perturbation around low ogcillation mode => Analytical golution of BAU

=> eptogenesis ie possible for mixings far larger than naively expected!

Direct Searches in |U?|
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Part Il - Fast ogeillations




Leptogenesig via ogcillationg I

If oscillations are fagt one mode can remain weak only via flavour hierarchical interactiong

Direct Searches in |U?|
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Leptogenesig via ogcillationg I

* Leptogenesie can make clear prediction on the OMNS phages & flavour mixing

Flavour selection via Leptogenesis
with AM/M = 1072 within FCC

Neutrino Ogcillation data
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Leptogenesig via ogcillationg I

* Leptogenesie can make clear prediction on the OMNS phages & flavour mixing

Neutrino Ogcillation data

Flavour selection via Leptogenesis

with AM/M = 10~2 within FCC
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Leptogenesig via ogcillationg I

& Non-trivial implication on a pogsible obgervation of neutrino lese double-beta decay!™
*Prediction dependent on the regulte of ongoing nuclear matrix element regearch

AM/M =102
Significant enhancement of Significant restriction of
expected standard signal expected standard signal
SHiP FCC
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Conclugiong and Outlook

3 Developed analytical approximation revealg correlation of Leptogenegie with other obgervables

Upper bound on the Right-handed neutrinos with AM/M — 1
right-handed neutrino need 1o realize a concrete flavour
interaction gtrength with compogition & impact the neutrinolegs
the SM content. double-beta decay rate!

& Method developed can help to explore non-minimal ecenariog, e.g. 3 right-handed neutrinog

A Exact characterigation of the parameter-gpace volume, derivation of fundamental CP bagig

invariants, full numerical Bayegian analysig, implication of direct lepton number violating rates,...
and for much more gee [2207.0165l]
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