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Neutrino Physics | Motivations 

● Neutrinos are a probe of lepton flavor symmetries.  

● Observed masses imply that there must exist new physics below the Planck scale. 

● Measurements of mixing angles may supply window into physics beyond the SM that is 
responsible for the generation of neutrino masses. 



Charged Lepton Flavour Violation |  Motivations

● Neutrinos provide explicit empirical evidence 
that Le,𝜇,𝜏  are broken in nature. “

● A priori there is no reason to expect physics 
beyond the SM to obey these symmetries.

● CLFV can probe mass scales up to ~1000  
TeV. Strongest constraints on many models. 

● Observation of CLFV would constitute a 
discovery of physics beyond the SM. 

● Discovery potential is complementary to energy 
frontier (e.g. LHC or muon collider). 

De Gouvea & Vogel (2013)



Synergies between CLFV and Neutrino Physics

● New physics that mixes neutrinos which “generically” 
mixes charged leptons as well  →  correlated signatures

● CLFV processes often provide the strongest constraints 
on models of neutrino mass generation. 

● SU(2) symmetry in the SM links neutrino and charged 
lepton

CLFV and neutrino experiments provide complementary probes of new physics.



Context with the SM-EFT

● For new physics heavier than a TeV or so, all effects can be 
encoded in effective operators built from SM fields. 

● Can match observable in “Full Theory” and SM-EFT.  

● Provides  “Rosetta Stone” between Full Theory & SM-EFT. 

● Model-independent constraints on SM-EFT can be 
converted to new physics model post facto.

● CLFV and neutrinos are *highly sensitive low energy 
probes* of low energy EFT           probe of “Full Theory”.
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Experimental probes of CLFV

de Gouvêa | INSS 2014 slides

Other probes
● Tau production at EIC.
● LFV tau decays (BELLE-II, LHCb). 
● LFV meson decays. 



Experimental landscape in the near future

CLFV Neutrino Physics  

● Four order of magnitude jump 

● Neutrino mass ordering (JUNO)

● CP violating phase (DUNE, T2K)

● LNV (nEXO, CUPID, LEGEND-100). 

● Precision frontier for PMNS matrix. 
(DUNE, HK, JUNO). 

● Neutrino astro. (IceCube, KM3NET)

Davidson, Echnard | Snowmass 2022



Connections to FNAL - ACE 



Connections to FNAL - ACE 
What can we do with different proton 
energy targets?

Discussion session

1. CLFV experiments

2. Neutrino experiments

3. Complementarity of 1&2

4. Open floor 



CLFV Experiments
● What interesting targets should CLFV experiments aim for?

● What about related searches for lepton number violation? 

● How do accelerator upgrades alter prospects for DUNE? How important is a 3 
GeV vs 8 GeV beam for Mu2e-II ? 

● What secondary targets are being considered (beyond Al for Mu2e). 
Titanium vs Vandium for example? 

● Can Fermilab be a world leading facility in muon decay searches? What 
additional infrastructure is needed? 

● What about related searches with pions? 



Neutrino Experiments
● What is the value of precision measurements in the neutrino sector?

● Is there a large trade-off between a tau optimized beam from the 
neutrino oscillation program? 

● How long would it take to get  an interesting statistical samples
of tau events at the near detector complex (for DUNE). 

● What do neutrino cross-section measurements tell us about new 
physics?

● What about the SBN program? 



Complementarity between CLFV and Neutrinos

● How can experiments probe the lepton flavour and lepton number 
violation?

● What could we do for neutrino physics with high energy muon 
sources?

● How do accelerator upgrades alter prospects for DUNE?

● What sort of “parasitic” experiments can be done with muon beam 
dumps? (Any impact on CLFV?) 



Open floor 


