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Lepton Number (Violation)

• non-perturbative Standard Model (SM) dynamics: B + L number violated by sphalerons

• B – L number is conserved  non-anomalous global symmetry of the SM

→ accidental? may be a relict! → violation at low energies subtle  corresponding 

to B – L preserving gauge symmetry broken at certain high-energy scale

• the manifestation at experimentally accessible scales suppressed by powers of the new-

physics scale

• tightly related to the puzzle of neutrino masses and baryon asymmetry of the Universe

●

●

●

Dirac vs Majorana
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Dirac mass → as other fermions, but tiny Majorana mass → lepton number violation



Double Beta Decays
• two-neutrino double beta decay

• neutrinoless double beta decay
→ LNV, mediated by Majorana neutrinos

• experiments:

• a variety of isotopes: 76Ge, 136Xe, …

• variants:

KamLAND-Zen, LEGEND, CUORE, NEMO-3, CUPID, (n)EXO, ...
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Neutrinoless Double Beta Decay
• standard mechanism with

light neutrino exchange:

• half-life limit → bound on 
effective neutrino mass:
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F. F. Deppisch, LG, F. Iachello, J. Kotila: PRD 102 [2009.10119]



• plethora of New Physics scenarios may be responsible for 0νββ

• left-right symmetric models

• leptoquarks (scalar, vector)

• R-parity violating SUSY, Majorons, Extra Dimensions ...

New Physics & 0νββ

F. F. Deppisch, M. Hirsch, H. Päs: J. Phys. G 39 (2012), 124007
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• effectively, a variety of different mechanisms beyond the standard scenario may 

contribute to 0νββ (e.g. 9804374, 0008182, 0303205, 1208.0727, 1708.09390, 

1806.02780, 1806.06058, 2009.10119, …), long-range and short-range mechanisms

• 0νββ half-life limit sets constraints on effective couplings – accurate calculation of 

nuclear matrix elements and phase-space factors is crucial for estimating these limits

• generally:

Effective Approach to 0νββ
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νDoBe: A Python Tool for 0νββ

• user inputs:

• scale + selection of operators
• isotope(s), type of NMEs

• data inputs:

• nuclear matrix elements
• phase-space factors
• low-energy constants

• outputs:

• half-life formula for the given case
• limits on selected couplings
• m

ββ
 vs. m

ν
 plots, etc.

• chosen contour plots showing 
correlations of different parameters, ...

download: https://github.com/OScholer/nudobe

online tool: https://nudobe.streamlit.app

O. Scholer, J. de Vries, LG:  JHEP 08 (2023) 043
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https://github.com/OScholer/nudobe
https://nudobe.streamlit.app/


https://nudobe.streamlit.app 
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https://nudobe.streamlit.app/


2. Online Tool - https://nudobe.streamlit.app 
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https://nudobe.streamlit.app/


Unraveling the signal: 
source of LNV?
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Distinguishing 0νββ Mechanisms

• phase-space observables – electron energy spectra, angular correlation

• comparison with other ββ modes → β+β+, ECβ+, ECEC - typically suppressed

• decay rate ratios for different isotopes

• → ratio of half-lives = ratio of NMEs x ratio of PSFs, 
the unknown coupling drops out 

• distinguishing 2 specific operators quantified using

• applied to the “master formula” framework of 1806.02780

• PSFs → 4 distinguishable groups of operators

• ratios: in principle 12 distinguishable groups of operators

• main issues: nuclear uncertainties: NMEs + unknown low energy constants
→ solution? hopefully: ab initio + LQCD and/or complementarity

V. Cirigliano, W. Dekens, J. de Vries,  M.L. Graesser, E. Mereghetti: JHEP 12 [1806.02780]
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LG, M. Lindner, O. Scholer: PRD 106 (2022)



Complementary Probes

• 0νββ usually the best test, but what about other flavours? Can other probes help to 

pinpoint the LNV mechanism?

• rare meson decays → lepton number violating B or K decays

• neutral current LNV NSI @CEνNS, charged current LNV NSI @LBL oscillation exp.

• lepton number violating tau decays

• non-standard muon decay, μ- to e+ conversion

• neutrino magnetic moment

• colliders – LNV probed by same-sign dilepton searches, or individual models
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SMEFT Dim-7 LNV at Colliders

• main mode of interest:

• recasting of the search for the

Keung-Senjanović process by ATLAS

• study along the lines

of the analysis for

Weinberg operator

• caveats: resonant production, validity of EFT

K. Fridell, LG, J. Harz, C. Hati, JHEP 05 (2024)

ATLAS, JHEP 01 (2019)

Fuks, Neundorf, Peters, Ruiz, Saimpert, PRD 103 (2021)

CMS, JHEP 03 (2022)

Graesser, Li, Ramsey-Musolf, Shen, Quiroga, JHEP 10 (2022)

Busoni, De Simone, Morgante, Riotto, PLB 728 (2014)
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Complementary Probes @SMEFT dim 7

K. Fridell, LG, J. Harz, C. Hati, JHEP 05 (2024)
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Probing Lepton Number Violation from Low to High Energies

From EFT to Simplified Models: Neutrino Mass

K. Fridell, LG, J. Harz, C. Hati, arXiv: 2412:XXXXX

• classification of different (simplified) UV completions based on generated neutrino mass topology
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Conclusion & Outlook
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• 0νββ – complex process, access to new physics – a variety of different mechanisms besides the 
standard light neutrino exchange can contribute to 0νββ → effective description

• combining various contributions → involved, tedious calculations with a variety of inputs 
→ νDoBe tool developed and available online

• to unravel the underlying new physics – necessary to distinguish the dominant LNV interaction

• using only 0νββ – challenging task: other modes, energy spectrum, angular correlation, isotope 
ratios – main issue: unknown LECs + uncertain NMEs

• hard to pin down a specific operator, but at least distinguish any exotic contribution

• complementarity could help with unraveling the LNV physics → other low-energy experiments, 
but also high-energy data useful

• LNV at colliders: same-sign dileptons, stringent limits for muon flavour 

• next: from EFT to simplified models, νSMEFT
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Thank you!
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