
Lepton Flavor Violation by Two Units

Mikheil Sokhashvili

University of Virginia

April 4, 2024 Research Advisor: Prof. Julian Heeck

1

• J. Heeck and M. Sokhashvili, “Lepton flavor violation by two units”. Physics Letters B Volume 

852, May 2024, 138621, [2401.09580]. 



Introduction
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Lepton Flavor is an exact symmetry in Standard Model 
if neutrinos are massless

BR 𝜇 → 𝑒𝛾 ~
𝛿𝑚𝜈
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𝑚𝑊
2

2

< 10−54

• This process is invisible for our 
experiments (probably forever)

• Detection of any lepton flavor 
violation process is a clear indication 
of a New Physics beyond SM
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SMEFT
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ℒ = ℒSM +

Standard Model Effective Field Theory Lagrangian can be decomposed in 
SM part and effective corrections

Dimensionless 
Coefficients

Energy(Mass) Scale

Effective Operators

Our research is focused on dimension six (d = 6) operators that violate 
lepton number by two units.

𝜇−

𝑒−

𝜈𝑒

𝜈𝜇

𝜏−

𝑒−

𝑒−

𝜇+−ΔL𝜇 = ΔL𝑒 = 2 ΔL𝑒 = 2



Notation
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Left-handed Lepton Doublet

Wilson Coefficients 
Including Dimensionless 

Coefficient and the Energy 
Scale

Right-handed Charged Lepton

ҧ𝜇 ҧ𝜇𝑒𝑒 ҧ𝜏 ҧ𝜏𝑒𝑒ҧ𝜏 ҧ𝜏𝜇𝜇 ҧ𝜏 ҧ𝜏𝑒𝜇 ҧ𝜏 ҧ𝜇𝑒𝑒 ҧ𝜇 ҧ𝜇𝑒𝜏

• There are 21 dimension six (d = 6) operators that violate 
lepton flavor number by two units.

• We split these 21 operators in several groups and put limits 
on the Wilson Coefficients assuming only one group at a 
time is present in Lagrangian.



Relevant Observables
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Muonium Conversion

𝜇+

𝑒−

𝜇−

𝑒+

Neutrinoless Lepton-flavor-violating decay

𝜏−

𝑒−

𝑒−

𝜇+

Lepton Flavor Universality

𝜇−

𝑒−

𝜈𝑒

𝜈𝜇

Z decay



Neutrinoless Lepton-flavor-violating decay
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• Only the cases where we have one 
tauon can be probed with this 
method.

• This approach puts the strongest 
limits of them all as it is the simplest 
one experimentally.

• Belle II projected branching ratio:

10 TeV −2 30 TeV −2

Current
Future

𝜏−

𝑒−

𝑒−

𝜇+

1.5 × 10−8



Muonium Conversion

8

• This puts limits on two of the three 
linearly independent combinations of 
Wilson Coefficients.

• We can refer to another observable to put 
better limit on the third one.

<

𝜇+

𝑒−

𝜇−

𝑒+

R. Conlin & A. A. Petrov, 2020 [2005.10276]

L. Willmann et al. 1998 [hep-ex/9807011]

R. Conlin & A. A. Petrov, 2020 [2005.10276]



Lepton Flavor Universality
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• EFT operators generate exactly the 
same electron energy spectrum as the 
SM decay, so the Michel spectrum 
remains unperturbed.

• The overall muon lifetime or decay 
rate is rescaled.

Γμ→eνν
𝐸𝑥𝑝

Γτ→eνν
𝐸𝑥𝑝 =

Γμ→eνν
𝑆𝑀 1 +

2𝑦𝜇𝑒𝜇𝑒
𝐿𝐿 2

+ 2𝑦𝜇𝑒𝜇𝑒
𝐿𝑅 2

2 2𝐺𝐹

2

Γτ→eνν
𝑆𝑀

𝜇−

𝑒−

𝜈𝑒

𝜈𝜇

0.75 TeV −2

<

Improved limit

Lepton Flavor Universality works for all operators that contain at least two neutrinos.



Z decay
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• For some of the right-handed operators we 
do not have neutrinos, “tauonium 
conversion” or clean decays.

• We compare how much does the addition 
those operators affect 𝑍 decay rate.

< < <

• The total 𝑍 width agrees very well with the 
SM prediction, which can be translated into 
a 2σ upper bound of 2 × 10−3

 on any non-
SM 𝑍 branching ratio.

• Can be improved with future colliders.



Table of the strongest limits on Wilson coefficients
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Thank you for your attention!

Speaker: Mikheil Sokhashvili I would like to thank my advisor Prof. Julian Heeck
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