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μ ⟶ e
● Limits on μ ⟶ e conversion have improved by roughly 12 orders 

of magnitude over the last  75 years

Mu2e @ Fermilab, COMET @ J-PARC - N μ- ⟶ N e-

Projected sensitivity:

Upcoming experiments:

~1010 stopped  μ/sec
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Trapped muon

Trapped muons 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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N μ- ⟶ N e-

● Natural hierarchy of dimensionless 
scales
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N μ- ⟶ N e-

● Natural hierarchy of dimensionless 
scales

Leptonic momentum transfer 
Harmonic oscillator parameter
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Nuclear-level 
effective theory

2208.07945

● Inconsistent truncations plague 
previous treatments (see 
2208.07945 for more details)

● General treatment results in 11 
allowed nuclear response 
functions 

* CP constraints on elastic 
scattering reduce this to 8
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Nuclear-level effective theory
● CLFV’ing single-nucleon operators

Non-relativistic effective theory:
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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
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Nuclear response hierarchy

*Can become semi-coherent in some nuclei with half-
filled shells (e.g. Al, Cu) 
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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?



Tony Menzo (U. Cincinnati) UV imprints on muon-to-electron conversion 14

EFT tower
● WET

* We work to dim-7
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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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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
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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

Λ−2 = 10−10GeV−2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

d1 d2 d3 d4 d5 d6 d7 d8 d9 d10 d11 d12 d13 d14 d15 d16 d17 d18 d19 d20 d21 d22 d23 d24 d25 d26 d27 d28 d29 d30 d31 d32

c1 c2 c3 c4 c5 c6 c7 c8 c9 c10 c11 c12 c13 c14 c15 c16

max(WET) = 1.19e− 11

“lq1 1233”

WET (JMS-3)

RET

NRET

1− ēLσµνµRFµν 2− (ēLγαµL)(ūLγ
αuL)

3− (ēLγαµL)(d̄Lγ
αdL) 4− (ēLγαµL)(s̄Lγ

αsL)
5− (ēRγαµR)(ūRγ

αuR) 6− (ēRγαµR)(d̄Rγ
αdR)

7− (ēRγαµR)(s̄Rγ
αsR) 8− (ēLγαµL)(ūRγ

αuR)
9− (ēLγαµL)(d̄Rγ

αdR) 10− (ēLγαµL)(s̄Rγ
αsR)

11− (ēRγαµR)(ūLγ
αuL) 12− (ēRγαµR)(d̄Lγ

αdL)
13− (ēRγαµR)(s̄Lγ

αsL) 14− (ēLµR)(ūRuL)
15− (ēLµR)(d̄RdL) 16− (ēLµR)(s̄RsL)
17− (ēLµR)(ūLuR) 18− (ēLµR)(d̄LdR)

19− (ēLµR)(s̄LsR) 20− (ēLσ
αβµR)(ūLσαβuR)

21− (ēLσ
αβµR)(d̄LσαβdR) 22− (ēLσ

αβµR)(s̄LσαβsR)
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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
● 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:



Tony Menzo (U. Cincinnati) UV imprints on muon-to-electron conversion 24

Top-down
● Consider the following leptoquark model

Match onto SMEFT @ 
Λ = mLQ:



Tony Menzo (U. Cincinnati) UV imprints on muon-to-electron conversion 25

Top-down
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Conclusions
● Presented a very flexible EFT framework for 

computing μ⟶e conversion rates within UV 
theories.
– Consistent nuclear physics truncation with a 

complete treatment of the nucleon and muon 
velocity operators (tensor-current interactions  
are important)

● Facilitated by a soon-to-be open-source software 
MuonBridge (available in Python and Mathematica)
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BACK-UP
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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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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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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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EFT tower
● Consider a series of EFTs 
● EFT tower ingredients

1. Scales (      ) 

2.  Fields (      ) 

3.  Interactions (            )

4. Matching conditions 
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EFT tower
● SMEFT 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


