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Lepton Flavor Violation
in the Standard Model



Observing Flavor violation requires two flavor measurements

Neutrino oscillations: FV at tree level  
 
 
 

Charged Leptons: FV at loop level
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Lepton Mixing in the SM
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Diagrams from 1301.7654, 1506.01465

http://arxiv.org/abs/arXiv:1301.7654
http://arxiv.org/abs/arXiv:1506.01465
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GIM Suppression

Diagram from 1506.01465
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Unitarity:

Branching ratio:

Similar conclusions for μ→3e, μ→e conversion, etc.
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http://arxiv.org/abs/arXiv:1506.01465


Search Strategies



Possible origins
Type-III Two Higgs Doublet Model: 
 
 

More generally: any scenario with several sources of electroweak 
symmetry breaking
Higher-dimensional operators
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Benchmark: Flavor Violating Higgs Couplings
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Harnik JK Zupan 1209.1397 
and references therein

https://arxiv.org/abs/1209.1397


Expectation (to avoid tuning in the mass matrix) 
 

Possible Consequences
LFV bonanza
Flavor-violating Higgs decays @ LHC
Similar processes in the quark sector
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Benchmark: Flavor Violating Higgs Couplings
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μ ➞ eγ: The MEG Experiment @ PSI

MEG Collaboration 0908.2594

https://arxiv.org/abs/0908.2594
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μ ➞ eγ: The MEG Experiment @ PSI
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μ ➞ eγ: The MEG Experiment @ PSI

MEG Collaboration 1605.05081

https://arxiv.org/abs/1605.05081
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μ ➞ eγ: The MEG Experiment @ PSI

MEG Collaboration 1605.05081

  Current Limit:                                             (90% CL)BR(µ ! e�) < 4.2⇥ 10�13

https://arxiv.org/abs/1605.05081
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μ ➞ eγ: The MEG Experiment @ PSI

MEG Collaboration 1605.05081

  Current Limit:                                             (90% CL)BR(µ ! e�) < 4.2⇥ 10�13

  MEG-II Goal:                                              (90% CL)BR(µ ! e�) . 4⇥ 10�14

https://arxiv.org/abs/1605.05081
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μ ➞ 3e: The Mu3e Experiment @ PSI

Mu3e Collaboration 1605.02906

https://arxiv.org/abs/1605.02906
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μ ➞ 3e: The Mu3e Experiment @ PSI

Mu3e Collaboration 1605.02906

https://arxiv.org/abs/1605.02906
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μ ➞ 3e: The Mu3e Experiment @ PSI

Mu3e Collaboration 1605.02906

  Current Limit:                                                (90% CL)BR(µ ! 3e) < 1.0⇥ 10�12

https://arxiv.org/abs/1605.02906
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μ ➞ 3e: The Mu3e Experiment @ PSI

Mu3e Collaboration 1605.02906

  Mu3e Phase I:                                               (90% CL)BR(µ ! 3e) . 1.0⇥ 10�15

  Current Limit:                                                (90% CL)BR(µ ! 3e) < 1.0⇥ 10�12

https://arxiv.org/abs/1605.02906


13

μ ➞ e Conversion in Nuclei

Mu2e Experiment @ Fermilab
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μ ➞ e Conversion in Nuclei

Mu2e Experiment @ Fermilab



14

μ ➞ e Conversion in Nuclei

COMET Experiment @ JPARC
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μ ➞ e Conversion in Nuclei

COMET Experiment @ JPARC

  Current Limit: BR(µ+Au ! e+Au) < 7⇥ 10�13
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μ ➞ e Conversion in Nuclei

COMET Experiment @ JPARC

  Current Limit: BR(µ+Au ! e+Au) < 7⇥ 10�13

  Mu2e/COMET: BR(µ+Al ! e+Al) < few⇥ 10�17



15

Other Processes

Muonium—Antimuonium Oscillations

g—2, EDMs
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Rare τ Decays



Implications for BSM Physics
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Results for FV Higgs Benchmark
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Results for FV Higgs Benchmark

CMS-PAS-HIG-17-001

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-001/index.html


20

LFV in BSM Scenarios

CMS-PAS-HIG-17-001

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-001/index.html
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Complementarity Between Searches
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µPLµ)(q̄�µq) + gqLA(ē�
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↵�PRµ)(q̄�↵�q)
i
+ L $ R.

 accessible to μ→eγ  



21

Complementarity Between Searches

L � cL
e

8⇡2mµ(ē�
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Complementarity Between Searches
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Summary
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Summary

SM rates for cLFV negligible ➞ clean search for new physics

Search Strategies:
μ→eγ
μ→3e
μ→e conversion in nuclei
Muonium—antimuonium oscillations
g—2, EDMs
τ→e/μ + X

Implications for BSM Physics
cLFV rather generic in BSM scenarios
Complementarity between searches
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Summary



25

Summary

Thank You !!


