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Overview

• This is a brainstorming session, meant to promote conversation and 

discussion

• Feel free to question/comment/discuss throughout 

• Slides will briefly introduce flavour violation, Lorentz violation, and the 

relevant EFT framework

• Key resource:  Data Tables for Lorentz and CPT Violation (Kostelecký and 

Russell, arXiv:0801.0287v19)
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Lepton Flavour Violation

• Lepton flavour conservation is an 
accidental symmetry of SM

• 𝑈(1)𝐿𝑒 × 𝑈 1 𝐿𝜇 × 𝑈 1 𝐿𝜏

• Lepton flavour conservation is violated by 
neutrino oscillations

• Massive neutrinos give rise flavour 
oscillations described by PMNS 
mixing matrix
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de Salas et al. (2018)



Charged Lepton Flavour Violation

• If LFV exists for neutrinos, then charged 
lepton flavour violation must also exist

• Process is highly suppressed in SM + 
neutrino oscillations:  BR ≲ 10−54

• Loop process

• Smallness of neutrino masses

• GIM mechanism
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Experimental Progress in CLFV

Modified from Calibbi & Signorelli (2017)
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HFLAV (2023)



Lorentz Violation

• Lorentz invariance is a fundamental 

symmetry of the SM

• Equivalent to spacetime isotropy (i.e., 

symmetry under rotations and boosts)

• Presence of such violations introduces 

meaningful distinction between 

observer and particle transformations
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In a Lorentz-invariant theory…
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Consequences of Lorentz Violation

• Lorentz violation means location, time, and 
orientation of the experiment matter

• Leading effect is usually due to the Earth 
rotating with respect to fixed Lorentz-violating 
background coefficients

• Sidereal oscillations in data could provide 
“smoking gun” signal of LV

• Bounds have to be translated to a standard 
reference frame to be meaningful

• Usual choice is Sun-Centred Frame (SCF)

7



Effective Field Theories

• Provide “model-independent” way to 

study new physics

• Include all possible new operators 

satisfying some minimal assumptions 

(so usually allow flavour violation)

• Typically of interest for CLFV:  

electromagnetic operators (𝑑 = 5) and 

four-fermion operators (𝑑 = 6)
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Standard-Model Extension

• EFT built up from SM+GR with known particles

• Generalizes by allowing for Lorentz- and CPT-violating interactions

• CPTV ⇒ LV (Greenberg 2002), so CPTV automatically included

• SMEFT is a Lorentz-invariant subset of the SME

• No assumptions about flavour structure
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SME Lagrangian for LFV

ℒ ⊃
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Potential Discussion Topics

• For flavour-violation searches, how many signal events would be expected 
experimentally?  Sidereal analysis requires at least four for the lowest harmonic, so is 
such an analysis a reasonable goal, assuming a signal is eventually observed?

• Beyond LFV, are there additional avenues in flavour where LV/CPTV studies would be of 
interest (LUV, quarks/hadrons, etc.)?

• Are there particular SME operators (those shown in the subset of the Lagrangian above, 
or perhaps others) which might be of greater interest or significance, theoretically or 
experimentally?

• LFV and LV are both expected to be suppressed – does that make studying the 
intersection of the two more or less interesting/worthwhile?
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Backup
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Sun-Centred Frame

• Standard reference frame for LV 

studies

• 𝑍-axis towards celestial north

• 𝑋-axis from Earth to Sun at 2000 

vernal equinox
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Obtaining Bounds

• Bounds are taken one-at-a-time on the various components of each 

relevant SME coefficient in the sun-centred frame

• The expression for the observable of interest can be decomposed into a 

time-independent component and time-dependent harmonics in the 

sidereal frequency of the Earth

• Sidereal analysis of time-stamped data could provide greater sensitivity to 

some components of the coefficients
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Harmonic Dependences (example)
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Some Selected Constraints (𝑑 = 5)
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Kostelecký and Russell (2026)



Some Selected Constraints (𝑑 = 6)

17

Kostelecký and Russell (2026)



More of the SME 

Lagrangian

Kostelecký and Li (2019)
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