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Motivation
• Early Universe vs local 𝑯𝟎 in 𝟒 − 𝟔𝝈 tension [1,2]

• Majoron with 𝑚𝜔 ∈ 0.1,1 eV, 𝜆𝜔𝜈𝜈 ∈ 5 × 10−14, 10−12 helps [3]

• Compatibility with other BSM physics: Type-I Seesaw, flavour

continuous symmetries, axion

• Pheno in colliders (𝑁𝑅, H invisible decay, new scalar), 

Astrophysics (CAST and Red Giants) and majoron in 𝟎𝝂𝜷𝜷

The Majoron Mechanism
• 3RH𝝂(𝑵𝑹)+Singlet complex scalar 𝝌 , Lepton # −𝑳𝑵 and 𝑳𝝌
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• Neutrino masses and 𝜔 − 𝜈 coupling generated after SSB of LN
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The Majoron and Axion from a MFV Setup

• Yukawas→ 0 ⇒ One 𝑈(3) for each Field = MFV Symmetry group 𝒢𝐹[4-5]

𝒢𝐹 ⊃ 𝒢𝐹
𝐴 = 𝑈 1 𝐵 × 𝑈 1 𝐿 × 𝑈 1 𝑌 × 𝑈 1 𝑃𝑄 × 𝑈 1 𝑒𝑅 × 𝑈 1 𝑁𝑅

• PQ, broken by new scalar Φ, explains 𝒎𝒃/𝒎𝒕 and 𝒎𝝉/𝒎𝒕 [6]

𝑥𝑞𝐿 = 𝑥𝑙𝐿 = 𝑥𝑢𝑅 = 𝑥𝑁𝑅 = 0, 𝑥𝑑𝑅 = 𝑥𝑒𝑅 = 3, xΦ = −1,Φ =
𝜌 + 𝑣Φ
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• Lepton MFV requires assumptions: 𝒴𝑁 ∝ 𝟙 &𝒴𝑁 ∈ ℝ [5,7] or 𝒴𝜈 ∝ 𝟙 [8]

• Majoron+axion+low flavour NP scale ΛF ∼ 1 − 10 TeV naturally form MFV

Phenomenological Signatures

• Case NR1 has 𝑁 testable at experiments like DUNE or SHiP

• Case NR2 may allow 𝑁 production at LHC or future colliders

• 𝑁 → 3𝜈 decay before BBN bounds light-heavy neutrino mixing 𝜃𝑠

sin2𝜃𝑠 ≲ 10−15 − 10−17

• Light 𝑁 in case NR1 may be disfavoured

• Case NR2 can escape the bound decaying before BBN thanks to heavier 𝑀𝑁

Γℎ→𝜔𝜔 ≲ 0.8 MeVsin2 𝜗 ≲ 0.11
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masses!


