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Neutrino Mass Puzzle
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Inverse Seesaw , Mohapatra, Valle, 86’

𝐿𝐿𝐼𝐼𝐼𝐼 ∋ −𝑚𝑚𝑁𝑁 �𝑁𝑁𝑁𝑁 − (𝜆𝜆�𝐿𝐿 �𝐻𝐻𝑁𝑁𝐼𝐼 + 𝜇𝜇𝑁𝑁𝐿𝐿2 + ℎ. 𝑐𝑐. )

𝑀𝑀 =
0 𝜆𝜆𝑣𝑣𝐸𝐸𝐸𝐸 0

𝜆𝜆𝑣𝑣𝐸𝐸𝐸𝐸 0 𝑚𝑚𝑁𝑁
0 𝑚𝑚𝑁𝑁 𝜇𝜇

In the 𝜇𝜇 → 0 limit, one Dirac Neutrino 
and one massless Wyle Fermion
 𝜇𝜇 ≠ 0, lightest eigenstate



Neutrino Mass Puzzle also leads to LLPs

Right-handed neutrino N is long-lived:

But where do these small 
parameters come from?

𝜆𝜆𝑣𝑣𝐸𝐸𝐸𝐸 2 = 0.1 eV 𝑚𝑚𝑁𝑁

𝜆𝜆𝑣𝑣𝐸𝐸𝐸𝐸 2 = 10−5 𝑚𝑚𝑁𝑁
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A low scale partial composite model
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As simple as QCD:
Dimensional transmutation generates small scales

Toy example:

𝐿𝐿𝑈𝑈𝑈𝑈 ⊃ 𝐿𝐿𝑄𝑄𝑄𝑄𝐷𝐷′ +
𝐿𝐿𝐻𝐻𝑢𝑢′𝑑𝑑′𝑑𝑑′

𝑀𝑀3 +
(𝑢𝑢𝑐𝑐′ 𝑑𝑑𝑐𝑐′ 𝑑𝑑𝑐𝑐′ )2

𝑀𝑀5

ΛQCD′
ΛQCD′
𝑀𝑀
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ΛQCD′
ΛQCD′
𝑀𝑀
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Consider the 
compositeness 
in general CFT

General CFT:

𝐿𝐿𝑈𝑈𝑈𝑈 ⊃ 𝐿𝐿𝑄𝑄𝐶𝐶𝐶𝐶 +
�̂�𝜆

𝑀𝑀Δ−3/2
�𝐿𝐿 �𝐻𝐻𝑂𝑂𝑁𝑁 +

�̂�𝜇
𝑀𝑀Δ2𝑁𝑁−4

𝑂𝑂2𝑁𝑁

𝐿𝐿𝐼𝐼𝐼𝐼 ∋ −𝑚𝑚𝑁𝑁 �𝑁𝑁𝑁𝑁 − (𝜆𝜆�𝐿𝐿 �𝐻𝐻𝑁𝑁𝐼𝐼 + 𝜇𝜇𝑁𝑁𝐿𝐿2 + ℎ. 𝑐𝑐. ) 𝐿𝐿𝐼𝐼𝐼𝐼 ∋ −𝑚𝑚𝑁𝑁 �𝑁𝑁𝑁𝑁 − (𝜆𝜆�𝐿𝐿 �𝐻𝐻𝑁𝑁𝐼𝐼 + 𝜇𝜇𝑁𝑁𝐿𝐿2 + ℎ. 𝑐𝑐. )

(𝑢𝑢′𝑑𝑑′𝑑𝑑′) confines 
to Neutron′= N

CFT deformation 
generates

CFT 
generates

𝐶𝐶𝜆𝜆�̂�𝜆
Λ
𝑀𝑀

Δ−32
𝐶𝐶𝜇𝜇�̂�𝜇

Λ
𝑀𝑀

Δ2N−4

Λ

https://arxiv.org/abs/2012.01443


Our model: schematically
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Rich Phenomenology and Comprehensive Considerations
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W, Z, H, meson decays into unNeutrinos
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Muon g-2
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Complex but the contribution has a wrong sign in our minimal model. 
Considering an equally well-motivated model with light vector composite states will fix this (in progress).
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𝝁𝝁 → 𝒆𝒆 & 𝟎𝟎𝟎𝟎𝟎𝟎𝟎𝟎
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For instance, for Sterile Neutrinos
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Chacko, Dev, ZL, Sanket, to appear

Thank you!
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