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Introduce TRL Model

Introduce Relativistic Degrees of
Freedom

OUTLINE

Study the Impact of the Relativistic
Degrees of Freedom

Discuss Observation Bounds




MOTIVATION

WMAP and Planck observatory observe a matter-antimatter asymmetry
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Observations of flavour oscillations in SM neutrinos implies the existence
of neutrino masses

Degrees of freedom are typically ignored in models at higher mass scales



TRL MODEL

Minimal seesaw extension of the SM with three singlet
neutrinos

L>h!, L;®N, — §N_§ mqeN, + H.c.

Heavy neutrino mass spectrum has a resonant structure,

with mass splittings
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Yukawa symmetry motivated with Z3 or Zg structure.
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TRANSPORT EQUATIONS

We require a set of Quantum Transport Equations with Oscillation and
Mixing Phenomena included

Much of the interesting dynamics occur close to equilibrium, so we
introduce the matrices
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We also require a transport equation for the Lepton asymmetry



TRANSPORT EQUATIONS
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TRANSPORT EQUATIONS
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Degrees of Freedom Effects

Thermal Leptogenesis Terms



LEPTON ASYMMETRY EQUATION

d(6n.)ij _ 8n d Inhgsy
dlnz H (Aaﬁ (57/)1'061'3_50(3(]’%)1-“]-3) +(2-2)- T 1nz (67L)ij




LEPTON ASYMMETRY EQUATION
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* Reduction in the effective

degrees of freedom wash-
out the number density

* Cooling of the Universe
due to expansion makes
the number density over
abundant
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EVOLUTION OF THE BAU
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EVOLUTION OF THE BAU
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Significant Impact on BAU
from degrees of freedom
at low-scale
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High scale is largely
protected from variations
in the degrees of freedom



BAU S e —
DEVIATIONS
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SPHALERON
TEMPERATURE
DEPENDENCE

* Inclusion of degrees of

freedom induces large
dependence on T, at

low heavy neutrino
mass scales

* Deviations increase as
the mass scales
decrease
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ATTRACTOR
PROPERTIES

* The transport equations we
use exhibit attractor
properties

* Provides independence from
initial conditions

* Impact of degrees of freedom
are present regardless of initial
conditions.




OBSERVATION
LIMITS

* Suppression of the mixing due
to the impact of the degrees of
freedom.

* Much of the parameter space is
out of the range of current
experiments 10

200 400 600 800 1000

* Possible observations at PRISM




SUMMARY

We accounted for the variations in the relativistic degrees of freedom in Leptogenesis
models

Showed that the inclusion of the degrees of freedom can have a significant impact for
models with sub-100 GeV heavy neutrinos

|dentified that the inclusion of degrees of freedom effects can induce large dependence
on TSph'

Discussed the observation limits at current and projected experiments



	Slide 1: Tri-Resonant Leptogenesis
	Slide 2: Outline
	Slide 3: Motivation
	Slide 4: TRL MOdel
	Slide 5: Transport Equations
	Slide 6: Transport Equations
	Slide 7: Transport Equations
	Slide 8: Lepton Asymmetry Equation
	Slide 9: Lepton Asymmetry Equation
	Slide 10: h sub e f f  vs. eta sub e q to the cap N 
	Slide 11: Evolution of the BAU
	Slide 12: Evolution of the BAU
	Slide 13: BAU Deviations
	Slide 14: Sphaleron Temperature Dependence
	Slide 15: Attractor Properties
	Slide 16: Observation limits
	Slide 17: Summary

