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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
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μ ⟶ e
● μ ⟶ eee ● Nμ ⟶ Ne

Bottom line: Observing CLFV = new physics
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Exotic μ ⟶ e
In the space of all UV models, CLFV is common. For heavy new physics: 

● “Photonic” – e.g. SUSY, heavy steriles, ... ● “Contact” – e.g. Z’, leptoquarks, ...

New physics
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Exotic μ ⟶ e
In the space of all UV models, CLFV is common. For heavy new physics: 

● “Photonic” – e.g. SUSY, heavy steriles, ... ● “Contact” – e.g. Z’, leptoquarks, ...

Motivates an extensive experimental program

New physics
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Upcoming experiments
● Mu ⟶ E Gamma (MEG) @ PSI - μ ⟶ eɣ

● Mu3e @ PSI - μ ⟶ eee 

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

Projected:

Projected:

Projected:
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Upcoming experiments
● Mu ⟶ E Gamma (MEG) @ PSI - μ ⟶ eɣ

● Mu3e @ PSI - μ ⟶ eee 

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

Projected:

Projected:

Projected:

Note that the muon width is extremely narrow:
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Mu2e
1.Production
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Mu2e
1.Production

2. Transport
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Mu2e
1.Production

2. Transport

3. Stopping



Tony Menzo Building bridges: An EFT for μ ⟶ e conversion 13

Mu2e
1. Production

2. Transport

3. Stopping
4. Detection
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Mu2e
1. Production

2. Transport

3. Stopping
4. Detection

~1010 stopped  μ/sec



Tony Menzo Building bridges: An EFT for μ ⟶ e conversion 15

Trapped muon
● When trapped the muon quickly cascades into 1s orbital

Three options:

1. Decay in orbit

2.Be captured by the nucleus

3.Convert to an electron

a) Mono-energetic electron signal (Ee = mμ)



Tony Menzo Building bridges: An EFT for μ ⟶ e conversion 16

The μ ⟶ e rate 
● Dependent on UV physics + nuclear physics

● Can the rate be factorized?

● Finally, can this be done in consistent theoretical 
truncation?

?
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The μ ⟶ e rate 
● Dependent on UV physics + nuclear physics

● Can the rate be factorized?

● Finally, can this be done in consistent theoretical 
truncation?

?

Effective field theory to the rescue!
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Effective field theories
● Ingredients: 

1.  Scale (     ) 

2.  Fields (      ) 

3.  Interactions (           )
(a) Parameters (     )

● Expansion parameter(s) -              , or other relevant 
dimensionless parameters
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EFT towers
● Consider a series of EFTs 
● EFT tower ingredients

1. Scales (      ) 

2.  Fields (      ) 

3.  Interactions (             )

4. Matching conditions 
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EFT tower
● The full tower: three/ 

four connected EFTs 
come together to 
output the conversion 
rate
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EFT tower
● UV 
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EFT tower
● SMEFT 



Tony Menzo Building bridges: An EFT for μ ⟶ e conversion 23

EFT tower
● SMEFT operators
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EFT tower
● WET
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EFT tower
● WET operators
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EFT tower
● SMEFT-WET 

matching

*Very well-developed 
literature related to 
running and matching for 
both EFTs, e.g. 1308.2627, 
1310.4838, 1312.2014, 
1709.04486, 1711.05270  

Implemented in efficient public software
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EFT tower
● NRET
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EFT tower
● NRET

2208.07945
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EFT tower
● NRET
● Expansion in dimensionless scales specific to μ ⟶ e 
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EFT tower
● NRET
● Expansion in dimensionless scales specific to μ ⟶ e 

Leptonic momentum transfer 
Harmonic oscillator parameter
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EFT tower
● NRET single-nucleon operators
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EFT tower
● Matching between 

WET and NRET 
(hadronization)
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EFT tower
● Matching between 

WET and NRET 
(hadronization)

● Parameterize with 
nuclear form factors
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EFT tower
● Matching between 

WET and NRET 
(hadronization)

● Matching 
expressions ⟶
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EFT tower
● Matching between 

WET and NRET 
(hadronization)

● Matching 
expressions ⟶
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The finale
● The conversion rate: 
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The finale
● The conversion rate: Dependent on UV
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The finale
● The conversion rate: 

*All nuclear responses allowed 
by symmetries are generated
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Nuclear response hierarchy
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Nuclear response hierarchy

*Can become semi-coherent in some nuclei 
(such as Al), the interference becomes 
relevant. Hierarchy is modified:
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Code
Amalgamation of new 
and existing EFT 
software

2010.16341

1804.05033
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Usage
In practice the code can be used in ~2 ways

1. Bottom-up analyses where μ ⟶ e is investigated in the context of an 
EFT

2. Top-down analyses where an explicit UV model is matched onto the 
SMEFT and run down to the nuclear scale
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Bottom-up
1. Turn on one SMEFT operator suppressed by a scale that 

we will vary 
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Bottom-up
1. Turn on one SMEFT operator suppressed by a scale that 

we will vary 

2.  Run to 2 GeV
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Bottom-up
1. Turn on one SMEFT operator suppressed by a scale that 

we will vary 

2.  Run to 2 GeV

3.  Compute the coefficients using the tower
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Bottom-up
1. Turn on one SMEFT operator suppressed by a scale that 

we will vary 

2.  Run to 2 GeV

3.  Compute the coefficients using the tower

4. Repeat until bound is saturated
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Bottom-up
1. Turn on one SMEFT operator suppressed by a scale that 

we will vary 

2.  Run to 2 GeV

3.  Compute the coefficients using the tower

4.  Compute CR and repeat until bound is saturated
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Bottom-up
1. Turn on one SMEFT operator suppressed by a scale that 

we will vary 

2.  Run to 2 GeV

3.  Compute the coefficients using the tower

4.  Compute CR and repeat until bound is saturated
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Bottom-up
● Single 

operator 
bounds
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Top-down
● Tensor contributions are important!
● Consider the following leptoquark model
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Top-down
● Integrate out the leptoquark and match to SMEFT

*37 new parameters
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Top-down
● Run and compute rate

101102103104

µ

10−23

10−21

10−19

10−17

10−15

10−13

10−11

10−9
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Top-down
● Response decomposition

*Tensor current induced 
repsonse is the subleading 
component
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Conclusions
● Very flexible framework for computing μ⟶e 

conversion rates from theories defined at arbitrarily 
high scales.

● Tensor currents contribute non-negligibly to the total 
conversion rate.

● MuonBridge software suite facilitates the 
computation (available soon in Python and 
Mathematica).
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Conclusions
● Very flexible framework for computing μ⟶e 

conversion rates from theories defined at arbitrarily 
high scales.

● Tensor currents contribute non-negligibly to the total 
conversion rate.

● MuonBridge software suite facilitates the 
computation (available soon in Python and 
Mathematica).

Thank you :)


