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I QCD: θ-term LQCD ⊃ θGG̃ is made
physical by non-perturbative effects [1].
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physicality is unknown → assumption!
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The Model: Neutrino Mass Generation

I Small effective neutrino mass generation through
non-perturbative coupling to neutrino condensate.
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Constraints: Symmetry Breaking Scale ΛG

Neutrino condensate |〈ν̄ν〉| ∼ scale Λ3
G ∼ temperature T 3

χSB

∼ 0.3 eV
Upper bound from

SM and cosmology [9].

∼ 4 meV
Lower bound from

∆mν and gravity [10].

→ Neutrino vacuum condensate 〈ν̄ν〉 on dark energy scale

[9] Archidiacono, Hannestad (2014). [10] Tanabashi et al. (Particle Data Group) (2018).

Image credits: NASA / WMAP Science Team [http://map.gsfc.nasa.gov/] and Patterson (2005).
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Phenomenological Implications

Weakened cosmological neutrino mass bounds.

I Relic neutrinos massless until late phase transition at TχSB . ΛG .

I Neutrinos decay & (partially) annihilate →
∑

i mνi ��. 0.12 eV [11].

⇒ Masses mνe . 1.1 eV [12] still allowed, measurable at .

⇒ Light sterile neutrinos cosmologically allowed.

Impact on other cosmic parameters.

Decaying dark energy?
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