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Neutrino Masses and Mixing

Type-l seesaw with spontaneous CP violation
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Neutrino Masses and Mixing

Type-l seesaw with spontaneous CP violation
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Spontaneous CP violation
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Spontaneous CP violation

Scalar Potential

V(®,0) = mg(®'®) + m2|o|> + mZ(c® + 0*?)
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Existence of non-zero vacuum phase at the
potential global minimum = ¢ # k /2 is allowed!
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Yukawa interactions
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Minimal Abelian Flavour Models

Imposing SCPV, and a Z, symmetry, we find two predictive
flavour textures
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Minimal Abelian Flavour Models

Imposing SCPV, and a Z, symmetry, we find two predictive

flavour textures

Fields B5 B6 / \
erL,er,vr, | 1 « Three RH neutrinos + one complex singlet
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Neutrino Predictions for B;
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Neutrino analytical results

Neutrino-sector expansion in the parameter
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Neutrino-sector expansion in the parameter
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Predicted singlet vacuum phase
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Scalar mixing and mass ratio
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Leptogenesis assisted by complex scalar singlet

Key ingredients for
Leptogenesis

Sakharov (1967)

A 4

Bary.on n.umber CP violation Departure_f.ron.'n
violation thermal equilibrium

Sphalerons CP asymmetry Efficiency factors

B 24 + dn g L'(N; — ®4,) — T(N; — ®17,) 4 5
G = = io = —  Lf,=Cf,
— + 13ny > geepr [T(Ni = @Lg) + T(N; — Tls)]

Lepton asymmetry is dynamically generated via out-of-equilibrium
decays of the heavy neutrinos added to the SM, and later transformed
into baryon asymmetry via sphaleron processes

Yanagida, Fukugita (1986)
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CP asymmetries

Flavoured CP asymmetry
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g; = Z Eia = €;i(type-1) + ¢;(wave)
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Analytical results for CP asymmetries

N5 decouples

M; ~ |(Mp)11]

Its contribution to ¢ is negligible
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Type-l Seesaw

ei(type-I) ~ 0

The type-l contribution is suppressed
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Scalar-assisted wave
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Dominant CP asymmetry when N, —» N;h, is kinematically open
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Unflavoured Boltzmann equations
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Unflavoured Boltzmann equations
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Unflavoured Boltzmann equations
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B: (NO): baryon asymmetry of the Universe

The results for the BAU are obtained by numerically solving the BEs in the
unflavoured regime at fixed v, = 102 GeV and M; = 1013 GeV
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B: (NO): baryon asymmetry of the Universe

The results for the BAU are obtained by numerically solving the BEs in the

unflavoured regime at fixed v, = 102 GeV and M; = 1013 GeV
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B: (10): baryon asymmetry of the Universe
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Bs (10): baryon asymmetry of the Universe
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Bs (10): baryon asymmetry of the Universe
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Conclusions and outlook

Work done:
/\/ Minimal Z, models: three RH neutrinos and one scalar singlet; \

v/ B; and B¢ predict 6 =~ 3m/2 and definite 0,; octants, with lower
bounds on the lightest neutrino mass of = 60 (50) meV for normal
(inverted) ordering;

v/ Observed BAU from scalar-singlet-assisted leptogenesis;

v A single vacuum phase provides a common origin for low-energy
leptonic CP violation and the CP asymmetry driving leptogenesis.
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