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Discrete Symmetry Breaking
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Leptogenesis

Decay contribution

CP violation: Complex Yukawas y,
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&WA Departure from equilibrium: Out-of equilibrium decays

Sakharov (1967)

Lepton number violation: Majorana mass term

CP Asymmetry in N decays
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Hierarchical case

Lepton asymmetry — Baryon asymmetry via EW sphalerons: Y B = CSP 2’1



Leptogenesis

Scattering contribution

CP Asymmetry in scatterings
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Scattering contributions can be important!
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Leptogenesis

Numerical Solutions

Scatterings source asymmetry
initially but are subdominant later
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From Discrete Symmetry Breaking

(®) = £ v, > Z,discrete symmetry K [ Production of DWs (sheet-like
spontaneously broken to remnant Z, topological defects) from their boundaries
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Formation of two different domains: +v, and —v,, / Domain Walls
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Domain Walls

Biased Potential

- DWs: Stable configuration — Long-lived; ppy ~ a - Cosmological catastrophe

Make DWs unstable — Introduce bias in the potential - Vilenkin (1981); Gelmini, Gleiser,
Kolb (1989); Larsson, Sarkatr,
White (1997)

Soft Z, breaking terms: AV = /,tCI)3 + ,ungCI)HTH + ...

2
V(g) 3 i
Vbias — /’W¢ HoH N
Vbias I Vbias — Vacuum degeneracy uplifted — False Vacuum region shrinks
_Vd) ¢ +V¢

Volume pressure force: py, ~ Vi... > pr (Tension force) — Collapse and annihilation of DWs — Production of GWs



Gravitational Waves

From DW annihilations
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Gravitational Waves

From DW annihilations
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Spectrum 108,
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Wrapping 1t up

Parameter Space
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Z , symmetry to connect type-| seesaw and
FIMP DM — Requires very large Vi

Effective interaction — New scattering
contribution to leptogenesis, more washout

Spontaneous Z, breaking — Domain wall
problems

Softly break Z, — DWs collapse producing
gravitational waves

GW detectors — Probe discrete symmetry
breaking scale
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CP Asymmetry

Scattering contribution | — e Docay
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