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Type-I seesaw with spontaneous CP violation

SCPV

Breaks EW 
symmetry

Singlet SSB RH-neutrino Majorana masses

Higgs SSB Light neutrino masses
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Scalar Potential

Existence of non-zero vacuum phase at the 
potential global minimum ⇒ 𝝋 ≠ 𝒌	𝝅/𝟐 is allowed!
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Spontaneous CP violation

Branco et al. (1999, 2003) CP violating solution



Yukawa interactions

New Interactions

4



Yukawa interactions Scalar interactions

New Interactions

4



Minimal Abelian Flavour Models

Imposing SCPV, and a 𝒁₄ symmetry, we find two predictive 
flavour textures

5



Minimal Abelian Flavour Models

Imposing SCPV, and a 𝒁₄ symmetry, we find two predictive 
flavour textures

• Three RH neutrinos + one complex singlet

• 𝐘ℓ and	𝐘𝑫 are diagonal

• All couplings are real, as the VEV of the 
complex scalar is the sole source of CP

5



Minimal Abelian Flavour Models

Imposing SCPV, and a 𝒁₄ symmetry, we find two predictive 
flavour textures

• Three RH neutrinos + one complex singlet

• 𝐘ℓ and	𝐘𝑫 are diagonal

• All couplings are real, as the VEV of the 
complex scalar is the sole source of CP

5



6

Neutrino Predictions for B5

CP phase

𝜹 ≃
𝟑𝝅
𝟐

Octant
NO

𝜽𝟐𝟑 < 𝟒𝟓° 𝜽𝟐𝟑 > 𝟒𝟓°
IO



6

Neutrino Predictions for B5

𝒎𝒍𝒊𝒈𝒉𝒕𝒆𝒔𝒕 ≥ 𝟔𝟎𝐦𝐞𝐕
𝒎𝜷𝜷 ≥ 𝟔𝟎𝐦𝐞𝐕

NO

𝒎𝒍𝒊𝒈𝒉𝒕𝒆𝒔𝒕 ≥ 𝟓𝟎𝐦𝐞𝐕
𝒎𝜷𝜷 ≥ 𝟕𝟎𝐦𝐞𝐕

IO

Mass bounds

CP phase

𝜹 ≃
𝟑𝝅
𝟐

Octant
NO

𝜽𝟐𝟑 < 𝟒𝟓° 𝜽𝟐𝟑 > 𝟒𝟓°
IO



7

Neutrino Predictions for B6

CP phase

𝜹 ≃
𝟑𝝅
𝟐

Octant
NO

𝜽𝟐𝟑 > 𝟒𝟓° 𝜽𝟐𝟑< 𝟒𝟓°
IO



7

Neutrino Predictions for B6

𝒎𝒍𝒊𝒈𝒉𝒕𝒆𝒔𝒕 ≥ 𝟔𝟎𝐦𝐞𝐕
𝒎𝜷𝜷 ≥ 𝟔𝟎𝐦𝐞𝐕

NO

𝒎𝒍𝒊𝒈𝒉𝒕𝒆𝒔𝒕 ≥ 𝟓𝟎𝐦𝐞𝐕
𝒎𝜷𝜷 ≥ 𝟕𝟎𝐦𝐞𝐕

IO

Mass bounds

CP phase

𝜹 ≃
𝟑𝝅
𝟐

Octant
NO

𝜽𝟐𝟑 > 𝟒𝟓° 𝜽𝟐𝟑< 𝟒𝟓°
IO



8

Neutrino analytical results
Neutrino-sector expansion in the parameter
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Neutrino analytical results
Neutrino-sector expansion in the parameter

Inverse-mass texture

Both textures suppress 𝝂𝑹𝟏 mixing, i.e. 𝝂𝑹𝟏 ≃ 	𝑵₃.

Predicted singlet vacuum phase

Scalar mixing and mass ratio
A real 𝜽. requires (𝒓𝒉 = 𝒎𝒉𝟏/𝒎𝒉𝟐)
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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 

Sphalerons

Sakharov (1967)

Baryon number
violation CP violation Departure from

thermal equilibrium
CP asymmetry Efficiency factors

Yanagida, Fukugita (1986)

Key ingredients for 
Leptogenesis

Leptogenesis assisted by complex scalar singlet
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Analytical results for CP asymmetries

𝑵𝟑 decouples

Its contribution to 𝜺 is negligible

Type-I Seesaw

The type-I contribution is suppressed

Scalar-assisted wave

Dominant CP asymmetry when 𝑵𝟐 	→ 	𝑵𝟏𝒉𝒂 is kinematically open
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Δ𝑁 = 2 scatterings (𝑆12)
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Unflavoured Boltzmann equations

Δ𝐿 = 1 scatterings (𝑆1)  



The results for the BAU are obtained by numerically solving the BEs in the 
unflavoured regime at fixed 𝑣3 	= 	 1045	GeV and 𝑀6 	= 	 1046	GeV
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B5 (NO): baryon asymmetry of the Universe



Region reproducing observed 𝜼𝑩𝟎 = (𝟔. 𝟏𝟐 ± 𝟎. 𝟎𝟒) × 𝟏𝟎9𝟏𝟎
• Left plot: with fixed 𝑚:₂/𝑀4 = 0.15; 0.867 ≲ 𝑀4/𝑀5 ≲ 0.885; 𝑀5/𝑀6 ≳ 0.11
• Right plot: with fixed 𝑀4/𝑀5 = 1/1.15; 0.12 ≲ 𝑚:₂/𝑀4 ≲ 0.17; 𝑀5/𝑀6 ≳ 0.13

The results for the BAU are obtained by numerically solving the BEs in the 
unflavoured regime at fixed 𝑣3 	= 	 1045	GeV and 𝑀6 	= 	 1046	GeV
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B5 (NO): baryon asymmetry of the Universe

Planck (2018)
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B5 (IO): baryon asymmetry of the Universe



Region reproducing observed 𝜼𝑩𝟎
• Left plot: with fixed 𝑚:₂/𝑀4 = 0.15; 0.85 ≲ 𝑀4/𝑀5 ≲ 0.97; 𝑀5/𝑀6 ≳ 0.10
• Right plot: with fixed 𝑀4/𝑀5 = 1/1.15; 0.15 ≲ 𝑚:₂/𝑀4 ≲ 2; 𝑀5/𝑀6 ≳ 0.12
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B5 (IO): baryon asymmetry of the Universe
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B6 (IO): baryon asymmetry of the Universe



Region reproducing observed 𝜼𝑩𝟎
• Left plot: with fixed 𝑚:₂/𝑀4 = 0.15; 0.80 ≲ 𝑀4/𝑀5 ≲ 0.87; 𝑀5/𝑀6 ≳ 0.20
• Right plot: with fixed 𝑀4/𝑀5 = 1/1.15; 0.15 ≲ 𝑚:₂/𝑀4 ≲ 1.3; 𝑀5/𝑀6 ≳ 0.21
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B6 (IO): baryon asymmetry of the Universe
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Work done:

𝐁₅ and 𝐁₆ predict 𝜹	 ≃ 	𝟑𝝅/𝟐	and definite 𝜽₂₃	octants, with lower 
bounds on the lightest neutrino mass of ≈ 	60	(50)	meV for normal 
(inverted) ordering;

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

Minimal 𝒁₄ models: three RH neutrinos and one scalar singlet;

Observed BAU from scalar-singlet-assisted leptogenesis;
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