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 Origin of neutrino masses beyond the Standard Model

 Two possibilities to define neutrino mass

𝑌𝜈𝜈𝐿 𝜈𝑅
𝜈𝐿

𝐻

𝜈𝐿
𝜈𝐿

𝐻

𝑌𝜈

𝐻𝐻

Dirac mass analogous to other 

fermions but with ൗ
𝑚𝜈

Λ𝐸𝑊
≈ 10−12

couplings to Higgs

Majorana mass, using only a 
left-handed neutrino 

→ Lepton Number Violation



University College London

3 / 26 Frank Deppisch | 0nbb and BSM Physics | 4/7/2018

 Single beta decay 
𝐴, 𝑍 → 𝐴, 𝑍 + 1 + 𝑒− + ҧ𝜈𝑒

◦ Tritium decay, KATRIN: 𝑚𝜈 ≈ 0.2 eV

◦ Project 8: Atomic Tritium + Cyclotron 
Radiation Spectroscopy

 Allowed double beta (2𝜈𝛽𝛽) decay
𝐴, 𝑍 → 𝐴, 𝑍 + 2 + 2𝑒− + 2 ҧ𝜈𝑒

 Neutrinoless double beta (0𝜈𝛽𝛽) decay
𝐴, 𝑍 → 𝐴, 𝑍 + 2 + 2𝑒−

◦ Violation of lepton number

◦ Mediated by Majorana neutrinos
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Rybka, Neutrino 2018
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 Impact on large scale structures of the Universe
◦ Light sterile neutrinos = extra DOFs of radiation

◦ Sensitive to sum of neutrino masses

neff < 3.4, σ𝑚𝜈 < 0.15 − 0.25 eV

Σ𝑚𝜈 = 0.06 eV

Σ𝑚𝜈 = 0.18 eV

Gerbino, Lattanzi ‘18

Sprenger et al. ‘18
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 Half-life

 Particle Physics

 Atomic Physics

◦ Leptonic phase space 𝐺0𝜈

 Nuclear Physics

◦ Nuclear transition matrix element 𝑀0𝜈
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 Effective 0𝜈𝛽𝛽 Mass

 Degenerate Regime

 Uncertainty from 
unknown Majorana 
phases
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 Effective 0𝜈𝛽𝛽 Mass

 Degenerate Regime

 Uncertainty from 
unknown Majorana 
phases

|𝑚𝛽𝛽| = 𝑚𝜈 1 − sin2(2𝜃12)sin
2

𝜙12
2

Dell'Oro, Marcocci, Viel, Vissani, 
Adv. High Energy Phys. (2016) 2162659 

KamLAND-Zen upper limit
Phys. Rev. Lett. 117 (2016) 082503
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 Effective 0𝜈𝛽𝛽 Mass

 Degenerate Regime

 Uncertainty from 
unknown Majorana 
phases
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 Focus on 
testable range 
and interplay 
with cosmology 
priors?

Akihiro Yuu, FLASY18

Mohapatra, Nishi ‘15

King et al. ‘13

Girardi et al. ‘16
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Agostini, Benato, Detwiler
arXiv:1705.02996
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 Hadronic current

 Nuclear Matrix Element 𝑀0𝜈

◦ Dependence on isotope
and operator

◦ Many-body problem 

◦ Factor 2 – 3 uncertainty 
between nuclear models
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 Nuclear matrix element

 Axial-vector coupling 𝑔𝐴
◦ Free nucleon: 𝑔𝐴 ≈ 1.27

◦ Comparison of 𝛽 and 
2𝜈𝛽𝛽 decay with theory:
𝑔𝐴 ≈ 0.6−0.8

◦ If applicable to 0𝜈𝛽𝛽,
strong reduction of sensitivity

◦ Genuine effect or 
short-coming of models?

Iachello ‘16
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 Plethora of New Physics scenarios
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 Plethora of New Physics scenarios

 Neutrinos still 
Majorana
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 Examples in Left-Right Symmetry

 0𝜈𝛽𝛽 probes 
the TeV scale

 Limits on 6D 
and 9D eff. 
operators 
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 Re-evaluation of limits on 
short-range operators
(L. Graf, FFD, Iachello, Kotila ‘18)

◦ General parton level 
operators (Paes et al. ‘01)

◦ Nucleon currents

◦ Form factors with 
enhancement for  

(Pion-mediated 
contributions in 
chiral EFT)
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 Re-evaluation of limits on 
short-range operators
(L. Graf, FFD, Iachello, Kotila ‘18)

◦ Nuclear Matrix Elements in 
the Interacting Boson Model 
- work in progress, exact 
calculation of new NMEs still 
outstanding

𝑀′𝐺𝑇 =
𝒒2

𝑚𝑝
2 ℎ(𝒒

2)(𝝈𝑎 ⋅ 𝝈𝑏) ≈
0.1 GeV 2

1 GeV 2
𝑀𝐺𝑇
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 Re-evaluation of limits on 
short-range operators
(L. Graf, FFD, Iachello, Kotila ‘18)

◦ Numerical determination of 
electron wavefunctions, 
including nuclear Coulomb 
potential and electron cloud 
screening ➔ Electron energy 
and angular distribution



University College London

20 / 26 Frank Deppisch | 0nbb and BSM Physics | 4/7/2018

 Re-evaluation of limits on 
short-range operators
(L. Graf, FFD, Iachello, Kotila ‘18)

◦ Improved limits on effective 
interactions and NP scales

1

Λ𝑁𝑃
5 =

𝐺𝐹
2
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𝜖𝑖
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Helo, Hirsch, Kovalenko, Paes ‘13
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 Classic Example: High-Scale Leptogenesis
◦ Generation via heavy neutrino decays

◦ Competition with LNV washout processes

◦ Conversion to baryon asymmetry

 EW sphaleron processes at 𝑇 ≈ 100 GeV

 Observed asymmetry

 What if we observe lepton number
violating processes in 0𝜈𝛽𝛽?

𝜂𝐵 ≡
𝑛𝐵 − 𝑛 ത𝐵

𝑛𝛾
= (6.20 ± 0.15) × 10−10
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 Temperature ranges of 
strong equilibration
◦ Assumes observation of 

corresponding process!

 Observation of LN(F)V
◦ gives information at what 

temperatures operators 
are in equilibrium

◦ can falsify high-scale 
baryogenesis scenarios

FFD, Harz, Hirsch, Huang, Päs, 
Phys.Rev. D92 (2015) 036005

𝐵𝑟(𝜇 → 𝑒𝛾)

𝐵𝑟(𝜏 → ℓ𝛾)

𝑅(𝜇 → 𝑒)
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 9D and 11D Operators
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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

 𝟎𝝂𝜷𝜷 is crucial probe for BSM physics
◦ New LNV physics at the LHC scale?

◦ Standard Mass Mechanism?

 5-dim operator from LNV at GUT scale

◦ Experimentally and theoretically challenging

 Importance of probing LNV around the TeV scale
◦ E.g. searches for heavy neutral leptons at the LHC
◦ Can we rule out mechanisms of neutrino mass generation?
◦ Impact on baryon asymmetry of the Universe


