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● The Standard Model (SM) has an accidental global flavor symmetry

● Because mν ≠ 0 charged-lepton-flavor violation (CLFV) can occur at 
one-loop

μ ⟶ e

Bottom line: Observing CLFV = new physics
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Experimental status
● Mu ⟶ E Gamma (MEG) @ PSI - μ ⟶ eɣ

● Mu3e @ PSI - μ ⟶ eee 

● Mu2e @ Fermilab, COMET @ J-PARC - Nμ ⟶ Ne

Projected:

Projected:

Projected:

https://doi.org/10.1016/j.nuclphysbps.2015.02.033
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1. Production

2. Transport

3. Stopping
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4. Detection
Mu3e (μ+)

Mu2e (μ-)

(phenomenology is influenced by detector)

* requires pT > 90 MeV  

* requires pT > 10 MeV  
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Exotic μ ⟶ e
In the Landscape, CLFV is common.

● “Photonic” – e.g. SUSY, 
massive neutrinos, ...

● “Contact” – e.g. Z’, 
leptoquarks, ...

The dichotomy:

- Heavy: SM + “irrelevant” operators - Light: SM + new fields with 
weakly coupled interactions

*Naturalness demands an 
explanation! Appeal to high 
scale physics to explain 
smallness   
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EFT tower for μ ⟶ e conversion 
2406.13818
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A trapped muon can...
1. Decay in orbit

2. Be captured by the nucleus

3. Convert to an electron
a)Mono-energetic electron signal (Ee = mμ)
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A trapped muon can...
1. Decay in orbit

2. Be captured by the nucleus

3. Convert to an electron
a)Mono-energetic electron signal (Ee = mμ)

Ee
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(A,Z) μ- ⟶ (A,Z) e-

2208.07945
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(A,Z) μ- ⟶ (A,Z) e-

● Effective Hamiltonian:

Schematically...

Perform partial-wave and multipole expansion...
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(A,Z) μ- ⟶ (A,Z) e-

● Natural hierarchy of dimensionless 
scales

● Basis of CLFV’ing single-nucleon 
operators

At the end of the day:
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(A,Z) μ- ⟶ (A,Z) e-

● Natural hierarchy of dimensionless 
scales

At the end of the day:

Leptonic 
momentum 
transfer 

Harmonic oscillator
parameter

● Basis of CLFV’ing single-nucleon 
operators
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The rate
● The conversion rate: 
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The rate
● The conversion rate: *All nuclear responses allowed 

by symmetries are generated
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Nuclear response hierarchy
*Can become semi-coherent in some nuclei with half-
filled shells (e.g. Al, Cu) 

Where does the UV physics sit?
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The tower SMEFT



Tony Menzo (U. Cincinnati) From heavy to light: new physics @ muon factories 19

The tower

WET
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The tower

NRET
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Matching
● Non-perturbative 

matching between 
WET and NRET 
(hadronization)

● Parameterize with 
nuclear form factors
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EFT tower
● Non-perturbative 

matching between 
WET and NRET 
(hadronization)

● Matching 
expressions



Tony Menzo (U. Cincinnati) From heavy to light: new physics @ muon factories 23

EFT tower
● Non-perturbative 

matching between 
WET and NRET 
(hadronization)

● Matching 
expressions ⟶
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MuonBridge
Three components:

1. Elastic - one body density 
matrices

2.Mu2e_NRET – Computes 
μ⟶e conversion rate

3.MuonConverter – matches 
WET to NRET and 
facilitates interface with 
existing EFT software

https://github.com/Berkeley-Electroweak-Physics/MuonBridge

https://github.com/Berkeley-Electroweak-Physics/MuonBridge?tab=readme-ov-file
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Bottom-up
● Single dim-6 SMEFT 

operator bounds (with one-
loop running down to 2 
GeV)
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Top-down
● Consider the following leptoquark model

Match onto SMEFT @ Λ = mLQ:
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Multi-electron muon decays
JHEP 10 (2023) 006, 2306.15631
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Mu3e ⟶ Mu5e 
● Mu3e will see ~1015 total muon decays from the 

stopping target.
● With these statistics are there any other interesting 

channels?
– What about μ ⟶ 5e? 
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μ ⟶ eeeeeνν
● SM background for Mu5e

From MG5:

~100s of μ ⟶ 5eνν events after cuts!
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μ ⟶ eeeee
● Higgsed U(1)D + SM portal via kinetic mixing
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μ ⟶ eeeee
● Leads to cascade decay
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Signatures
● Momentum of tracks must 

be reconstructed from 
energy deposits or ‘hits’ in 
the layers of the detectors.

● 4 hits = short track
● 6+ hits = long track

1812.00741
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Signatures

NP
SM

NP
SM
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Signatures

NP

SM
NP

SM
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Reach
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Reach
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Muon-induced baryon number violation
2407.03450
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● Can the CLFV signal @ Mu2e stem from non-CLFV 
physics?

● NP scenarios where Ee>105 MeV?
– Can we take advantage of the huge energy 

reservoir that is the nucleus?

Widening the view
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μ 27Al ⟶ 26Mg(*) χ0χ1 ee
● Three dark states + U(1)D + SM portal via 

kinetic mixing
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μ 27Al ⟶ 26Mg(*) χ0χ1 ee
Benchmark:

~4 x 10-3

● Leads to the cascade:
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Tug-of-war with nucleon decay

Benchmark
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Tug-of-war with nucleon decay

Benchmark

Also need to check...
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Signature
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A UV completion

● What’s the new physics reach? Naively:

but Λ isn’t fundamental...



Tony Menzo (U. Cincinnati) From heavy to light: new physics @ muon factories 48

A UV completion
Introduce two colored scalars - a diquark T1 and a leptoquark T2 
as well as a complex scalar Φ. 



Tony Menzo (U. Cincinnati) From heavy to light: new physics @ muon factories 49

A UV completion
Introduce two colored scalars - a diquark T1 and a leptoquark T2 
as well as a complex scalar Φ. 

Integrate out T1 and T2, for off-shell Φ:
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A UV completion
Introduce two colored scalars - a diquark T1 and a leptoquark T2 
as well as a complex scalar Φ. 

Integrate out T1 and T2, for off-shell Φ:

Also need to check neutron decay, 
neutron mixing...
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● New EFT tower for model building in  Nμ ⟶ Ne
– Consistent nuclear EFT with all allowed nuclear responses
– Rate can be computed easily using the MuonBridge software suite

● Mu3e should be able to see ~100s of μ ⟶ eeeeeνν events and can be very 
constraining on NP models (for the described model). 

● We hope Mu3e adds the μ ⟶ eeeee channel to their analysis pipeline
● Interesting non-CLFV physics at Mu2e (and COMET)
● We hope Mu2e + COMET add highly energetic electrons (above the 

conversion energy) to their analysis pipeline

Conclusions
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● New EFT tower for model building in  Nμ ⟶ Ne
– Consistent nuclear EFT with all allowed nuclear responses
– Rate can be computed easily using the MuonBridge software suite

● Mu3e should be able to see ~100s of μ ⟶ eeeeeνν events and can be very 
constraining on NP models (for the described model). 

● We hope Mu3e adds the μ ⟶ eeeee channel to their analysis pipeline
● Interesting non-CLFV physics at Mu2e (and COMET)
● We hope Mu2e + COMET add highly energetic electrons (above the 

conversion energy) to their analysis pipeline

Conclusions

Thank you :)
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