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 Origin of neutrino masses beyond the Standard Model

 Two possibilities to define neutrino mass
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 Origin of neutrino masses beyond the Standard Model

 Crucial role of total lepton number 𝐿 symmetry
◦ Arises accidentally as global 𝑈 1 𝐿 in SM from particle 

content and gauge symmetry

◦ Already broken non-perturbatively with 𝐵 − 𝐿 remaining conserved

◦ Global symmetries expected to be broken gravitational effects?
Naïve expectation:

◦ Too small to explain oscillations 
but too large as subdominant splitting

𝑚𝜈 ≈
𝑣2

𝑀𝑃𝑙𝑎𝑛𝑐𝑘
≈ 10−5 eV
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 Half-life

 Particle Physics

 Atomic Physics

◦ Leptonic phase space 𝐺0𝜈 ∝ 𝑄5

 Nuclear Physics

◦ Nuclear transition matrix element 𝑀0𝜈 ≈ 1
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 Effective 0𝜈𝛽𝛽 Mass

FFD, Graf, Iachello, Kotila
PRD 102 (2020) 9, 095016

 NMEs from IBM-2 
with 𝑔𝐴 = 1.0
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 with masses larger than ≈ 100 MeV

 Short-distance on nuclear scale

 Cancellation among heavy neutrinos 
(quasi-Dirac) and with light neutrinos 

(tree level Seesaw)
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 Correct light neutrino masses for TeV scale heavy neutrinos
◦ Seesaw Mechanism with TeV scale heavy neutrinos

 Standard Seesaw with small Yukawa couplings

 CLFV remains small

◦ “Bent” Seesaw mechanisms

 Decouple ΛLNV from 
heavy neutrino mass

 Example

 Potentially large CLFV

 In the limit 𝜇 → 0, 
no LNV but CLFV

ℳ =
0 𝑌𝜈 𝐻 0

𝑌𝜈 𝐻 𝜇 𝑀
0 𝑀 𝜇

𝑌𝜈 𝐻 = 102 GeV
𝑀 = 103 GeV

Quasi-Dirac 
Majorana Neutrinos 

𝑚𝜈 = 0.1 eV

𝑉𝐿𝑅 ≈ 𝑌𝜈 ≈ 10−6 𝑀𝑁/TeV
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 Parametrization

 Contribution of heavy and light neutrinos to 0𝜈𝛽𝛽
◦ Also see e.g. Lopez-Pavon, Pascoli, Wong, Phys. Rev. D 87, 093007;

Hernández, Jones-Pérez, Suarez-Navarro, Eur. Phys. J. C (2019) 79: 220

diag(𝑚𝜈, 𝑀𝑁, 𝑀𝑁 + Δ𝑀𝑁) = 𝑉 ⋅
0 𝑚𝐷 0
𝑚𝐷 𝜇𝑅 𝑀
0 𝑀 𝜇𝑆

⋅ 𝑉𝑇

𝜈 𝑁1 𝑁2
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 Relation between active-sterile mixing angles (tree level)

Bolton, FFD, Dev,
JHEP 03 (2020) 170
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 Constraints on 
coupling to leptons

◦ Neutrino 
Oscillations

◦ Beta and Double 
Beta Decay

◦ Peak Searches in 
Meson Decays

◦ Beam Dump 
Experiments

◦ LNV Meson Decays

◦ Z Decays

◦ Electroweak 
Precision Tests

◦ Lepton Flavour
Violation

FFD, Dev, Pilaftsis
NJP 17 (2015) 7, 075019

 Sterile neutrinos as 
long-lived particles

 No suppression of 
LNV in resonant 
production 
if Δ𝑚𝑁 > Γ𝑁
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Bolton, FFD, Dev, JHEP 03 (2020) 170

Search limits:
sterile-neutrino.org

First generation 
only; general fit:
Chrzaszcz et al., 
Eur.Phys.J.C 80 
(2020) 6, 569

http://sterile-neutrino.org/
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Bolton, FFD, Dev, JHEP 03 (2020) 170

Search limits:
sterile-neutrino.org

http://sterile-neutrino.org/
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Bolton, FFD, Dev, JHEP 03 (2020) 170
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Bolton, FFD, Dev, JHEP 03 (2020) 170
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𝜹𝒎𝝂
𝒍𝒐𝒐𝒑

> 𝟏𝟎%

Bolton, FFD, Dev, JHEP 03 (2020) 170
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 Kink searches in 2𝜈𝛽𝛽
Bolton, FFD, Graf, Simkovic, 
arXiv:2011.13387; Agostini, Bossio, 
Ibarra, Marcano, arXiv:2012.09281

 Improved limits from single beta 

decay (electron capture) in 7𝐵𝑒
using Superconducting 
Quantum Sensors Friedrich et al., 

Phys.Rev.Lett. 126 (2021) 2, 021803
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 Neutrinos much lighter than other fermions
◦ Dirac or Majorana? Lepton Number Violation?

◦ Natural suppression of charged LFV?

◦ Determination of absolute mass scale

 Importance of probing LNV and 
sterile neutrinos below the TeV scale
◦ Testing the mechanism of neutrino mass generation

◦ Baryon asymmetry of the Universe via Leptogenesis

◦ Sterile Neutrinos as Dark Matter

 Synergy with 𝟎𝝂𝜷𝜷
◦ Establishing Majorana nature 

of active neutrinos

◦ Probing LNV near GUT scale

◦ Sensitivity to sterile neutrinos 
at scales 𝑚𝑁 ≈ 1 eV - 10 GeV

𝑇1/2
0𝜈𝛽𝛽

1028 y
≈

𝚲𝐍𝐏
1015 GeV
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Bolton, FFD, Dev, JHEP 03 (2020) 170

Search limits:
sterile-neutrino.org

http://sterile-neutrino.org/
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Bolton, FFD, Dev, JHEP 03 (2020) 170

Search limits:
sterile-neutrino.org

http://sterile-neutrino.org/
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Bolton, FFD, Dev, JHEP 03 (2020) 170

Search limits:
sterile-neutrino.org

http://sterile-neutrino.org/
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Bolton, FFD, Dev, JHEP 03 (2020) 170

Search limits:
sterile-neutrino.org

http://sterile-neutrino.org/

