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1 Objective
• Predict the absolute neutrino mass scale and the lepton CPV phases
• Predict testable correlations between the observables

2 Main result: predictive modular S4 model1,2

• Predictive model of lepton masses and mixing based on modular S4 flavour symmetry
• 7 parameters to fit 8 observables (Nσ = 1.012) and predict 4 observables
• Predictions at a few percent level:

m1 = 0.012 eV, m = 0.078 eV, δ/π = ±1.64,
m2 = 0.015 eV, |〈m〉| = 0.012 eV, α21/π = ±0.35,
m3 = 0.051 eV, sin2θ23 = 0.486, α31/π = ±1.25

• Correlations:
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• Both CP and flavour symmetry are spontaneously broken by the modulus field τ

3 Model specification
• Seesaw type-1 with 3 heavy neutrinos Nc

• Modular group representations (ρ, k) (see Section 4):

L ∼ (3,2), Ec ∼ (1′,2) ⊕ (1,4) ⊕ (1′,4), Nc ∼ (3,0)

• Superpotential:
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• CP invariance condition: m
�

g′/g
�

= 0 (see Section 5)

References
1. P. P. Novichkov, J. T. Penedo, S. T. Petcov, A. V. Titov, JHEP 07 (2019), 165
2. P. P. Novichkov, J. T. Penedo, S. T. Petcov, A. V. Titov, JHEP 04 (2019), 005
3. F. Feruglio, 1706.08749, in book “From My Vast Repertoire ...: Guido Altarelli’s Legacy”
4. P. P. Novichkov, J. T. Penedo, S. T. Petcov, 2006.03058

4 Modular invariance framework3

• Naturally leads to a discrete flavour symmetry
• Discrete flavour symmetry can explain 2 large + 1 small lepton mixing angles
• More predictive than conventional discrete symmetry approach: avoids multiple new scalar
fields, baroque potentials and shaping symmetries
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coupling is a modular form (very constrained)

5 CP invariance in modular-symmetric theories1,4
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• CP invariance condition:
all couplings are real

CP is broken spontaneously by τ, unless Reτ = 0 or Reτ = ±1/2 or |τ| = 1:
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In our model, τ ≈ 0.099 + 1.016, which allows for large CP violation.
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