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Outline of talk:

1 Cosmic Observables: CMB spectral indices, inflationary GW & Non-Gaussianity

2 Novel probes of BSM physics, particularly for weakly coupled & high-scale BSM.

3 Baryogenesis via Leptogenesis: need for high scale testability
4 Presence of RH neutrino on Inflationary tensor perturbations

Propagation of Inflationary GW
Matter domnination via RH neutrino
Testing seesaw and leptognesis via GW detectors

5 Leptogenesis during inflationary re-heating
Non-thermal Leptogensis via Inflaton Decay
CMB spectral index imprints on Inflaton couplings
Impact of leptogenesis on CMB predictions

6 Non-gaussianity as novel probe of baryogenesis.

7 Conclusions

8 Can NanoGrav Signal for Stochastic GW background say something about
baryogenesis ?
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Gravitational Waves

Gravitational Waves (GW) first detected in 2016.

New Window into the Early Universe.

New Probes of Particle Phenomenology beyond TeV (LHC scale).

Robust predictions of GW signatures from UV-completion conditions.

Sources of GW of cosmological origin & corresponding GW spectrum:
Inflation: Primordial GW.
Inflation: Secondary GW.
Strong First-order Phase Transition.
(P)reheating.
Re-heating.
Graviton bremsstrahlung.
Topological Defects like cosmic strings, domain walls, etc.
Oscillon.
Q-balls.
Primordial BH-induced GW.
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GW - - Local Cosmic String

Topological defects like cosmic strings can be formed in early universe when some
gauge U(1)X symmetry is broken in early universe. It give rise to scale invariant GW
spectrum. Detection prospects lies on the symmetry breaking scale vev.

King (2020)
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GW - - Global Cosmic String

Topological defects like cosmic strings can be formed in early universe when some
global U(1)X symmetry is broken in early universe. Detection prospects lies on the
symmetry breaking scale vev which needs to be very high.

Cui (2021)
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GW - - Domain Walls

Topological defects like Domain Walls are formed when a discrete symmetry is broken
and give rise to GW spectrum may look something like this (still under active research
topic). Detection prospects lies of symmetry breaking scale as well as the asymmetry
term in the potential, like cubic term.

Dunsky at. al. (2021)
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GW - - Complex Structures

Or life in early universe maybe lead to more rich and complex structures: hybrid
defects various SO(10) breakin chains may give unique GW signals:

Ghoshal (2021)
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GW - - Primordial and Scalar Induced Secondary GW

Primary Tensor Perturbations and Secondary Tensor Spectrum induced by first-order
scalar perturbation via mixing. Can be tuned to generate high amplitude in high
frequency regions.
Acts as natural probes of particle models like Higgs inflation, axion inflation, MSSM
inflation, etc.

Baumann (2007)
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GW - - (P)-reheating

Excitation of tensor perturbations during inflaton oscillating in FRW background.
Backreaction and effects of metric fluctuations. Enhancement mechanism:
Bose-resonance, tachynic growth, parametric resonance.

Figuera (2007)
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GW - - Graviton Bremmstrahlung

Inflaton radiating away gravitons forming Stochastic GW background.

Nakayama (2018)
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GW - - First-order Phase transition

Typical GW spectrum from thermal first-order phase transition:

Huang (2018)
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History of the Universe

Let us recap leptogenesis.
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History of the Universe

Introductory baryogenesis via Leptogenesis:
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History of the Universe

Lots of literature now in the past 4 years on GW tests for leptogenesis (I only
concentrate on inflationary GW):

Here we will be the most minimal: SM + 3 RHNs.
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History of the Universe

Dark and Dark Radiation from RHN decay:
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CMB test for leptogenesis
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History of the Universe

Leptogenesis during the re-heating era:
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Non-Gaussianity as probe of leptogenesis:

Non-Gaussianity fNL as novel probe of leptogenesis: via curvaton-induced neutrino
mass !
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fNL as probe of seesaw and leptogenesis

Majoron neutrino mass model from strongly-coupled sector:
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fNL as probe of seesaw and leptogenesis

Leptonic curent:
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fNL as probe of seesaw and leptogenesis

Decay of the Majoranon as the curvaton:

Mass of the right-handed neutrino Mi = vB−L × ξi
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fNL as probe of seesaw and leptogenesis

Probing seesaw breaking scale via Non-Gaussianity:

Large fNL can be reached, and verified in next generation CMB, 21-cm and LSS
experiments. Scale on Inflation given in the inset.
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fNL as probe of seesaw and leptogenesis

Testing leptogenesis via Non-Gaussianity:
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Ongoing:

If you have interactions present for inflaton, you will have Non-gaussianity.
Non-Gaussianity fNL as novel probe of baryogenesis: ongoing work, stay tuned !
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Inflation driven by SU(5) GUT Higgs
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GW probing GUT scale 1016 GeV.
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GW probing GUT scale 1016 GeV.
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Conclusions: part I.

High-scale baryogenesis (via leptogenesis) testable via novel Primordial GW
spectral shape analysis.

LISA and ET GW detectors are going to cover the parameter space where it can
test minimal type-I seesaw and successful leptogenesis.

Freeze-in Dark Matter from RHN decay testable in similar fashion.

Era to think about low scale as well as high scale baryogenesis and leptogenesis
models with complementary GW versus laboratory tests in future.
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Conclusions: part III.

High-scale baryogenesis (via leptogenesis) testable via novel Primordial
Non-Gaussianity signatures.

Mojaronn which gives neutrino mass can act as the curvaton and generate the
entire CMB.

Next generation experiments measuring fNL will probe seesaw scales and
leptogenesis.
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What NanoGrav result may tell you about (testable) baryogenesis:
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Motivations for Blue-tilted Inflationary Spectrum
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