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Charged lepton flavor violation (CLFV) — BSM Physics
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Neutral leptons: v,, Vi, Ve

Figure: Vogel, P., Wen, L. & Zhang, C. Nat Commun 6, 6935 (2015)
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Neutrino oscillations: Flavor NOT conserved

Charged lepton flavor violation (CLFV) — BSM Physics
* CLFV limits constrain BSM theories
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Decay in Orbit Decay-in-Orbit Spectrum

Muon captured

\ e - Figure: Czarnecki, Garcia i Tormo, & Marciano, Phys. Rev. D 84, 013006 (2011)
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A SMEFT WET
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https://github.com/Berkeley-Electroweak-Physics/MuonBridge
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Many possible CLFV mechanisms can mediate u — e conversion
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Requires multiple experimental programs with different target nuclei
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What about inelastic ;1 — e conversion?
(Nucleus transitions to excited state)
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What about inelastic i1 — e conversion?
(Nucleus transitions to excited state)
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Monte Carlo simulation of

Mu2e experimental pipeline
Including all backgrounds and cuts

1. Protons on production target

2. Pions decay to muons

3. Muons captured on target

4. Electrons detected by calorimeter

Figure: Mu2e collaboration, Universe 2023, 9, 54
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Figure: Haxton & ER, PRL 133, 261801 (2024)
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Figure: Haxton & ER, PRL 133, 261801 (2024)
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Figure: Haxton & ER, PRL 133, 261801 (2024)
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Figure: Haxton & ER, PRL 133, 261801 (2024)
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Figure: Kitano, Koike, & Okada, Phys Rev. D66 096002 (2002)
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Combined elastic + inelastic electron spectrum

Fixed by e~ interactions

Individual spectral shapes before hitting detector

Figure: Mu2e collaboration, Universe 2023, 9, 54
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Combined elastic + inelastic electron spectrum

Momentum of peak

Shifts by excitation energy:
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Figure: Mu2e collaboration, Universe 2023, 9, 54
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Combined elastic + inelastic electron spectrum

Amplitude relative to elastic signal

Scaled by relative branching ratio:
R/,L—>e(gs_>f) _ Fuae(gs_)f)
Ry-e(gs—gs) Tpuse(gs—gs)

Figure: Mu2e collaboration, Universe 2023, 9, 54
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Combined elastic + inelastic electron spectrum

Fixed by e~ interactions

Individual spectral shapes before hitting detector

Depend on nuclear target

Shifts by excitation energy:

Momentum of peak
P E, ~ my — AEq



Combined elastic + inelastic electron spectrum

Scaled by relative branching ratio:
Amplitude relative to elastic signal Ry-e(gs—f)

Depends on nuclear target Ry-e(gs—gs)
and CLFV physics



Flavor-violating ALPs
Fuyuto & Mereghetti, arXiv:2307:13076
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Flavor-violating ALPs

Fuyuto & Mereghetti, arXiv:2307:13076
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Flavor-violating ALPs

Fuyuto & Mereghetti, arXiv:2307:13076
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* Coherent dipole is suppressed by = (OZE—HM)
* Spin-dependent process dominates
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