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ATLAS and CMS have set ~1% bounds* on             .  

Events excess (1.3    and 2.4  ) point out to a signal 

New physics?

The               excess 

**Eur. Phys. J. C75, ‘15* Phys. Lett. B738, ‘14



• Limit on 
  sets bound on 

• Previous 
    limits* (<10%) set 
    indirectly by null 

The               excess 
CMS, Eur. Phys. J. C75, ‘15

*Blankenburg, Ellis, Isidori ‘12



             breaks the global lepton flavor numbers 

Neutrino states of a flavor oscillate into other flavors 
as they propagate. 

Yet, change of flavor in charged leptons remains 
unobserved (              ,                 ,               , etc.) 

                                                                 

Lepton flavor violation

*MEG collab.



Can charged LFV be mediated by neutrinos? 
Yes. But…

Massive    -mediated charged LFV goes as 

             

           Charged LFV probes new physics if observed 

Lepton flavor violation



Earlier LFV and Higgs LFV 

Lepton flavor violation
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            4-fermion model for 
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Add new fermions    ,      to the SM. Use the 6-dim 

to generate 

4-fermion model
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Yukawa vertex

   Two new fermions (vector-like) 

    under 

               good enough              

4-fermion model
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4-fermion vertex
Effective theory: 3 contractions for 

  
                     ,                                ,
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Parameter space spanned by 

Effective theory:          couplings   df   

Yukawas LFV four-fermion coupling Vector-like
masses

Cutoff

4-fermion model



                 LFV 

•               from 

• All excluded

4-fermion model

*Belle, BaBar collabs.



                 LFV

• Demands a tiny 
    LFV coupling 

4-fermion model

*MEG collab.



More      observables 

•                and                (subdominant)

li lj

lj
lj

ψ
H

χ

li lj

lj
lj

H

ψ

χ
γ, Z

χ

×

4-fermion model

SINDRUM

Belle collab.



Muon-to-electron conversion in nuclei 

• For             * 
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• The SM enlarged with vector-like heavy fermions 
reaches the               tentative rate through LFV 
effective operators. Limits on other LFV observables 
(             ) are respected. 

• New states in 4-fermion model are too heavy to be 
produced at the LHC (              >20 TeV). Look for      
dfdfdfd  instead, complement w/               ,  

•Hierarchical LFV couplings:                 generated at 
various high scales?) 

Discussion / Conclusions 
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Flavor structure for leptons & sleptons (                   ) 

LFV originated in SUSY-breaking terms 
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              via tri-scalar interaction                with 
coefficient 
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Effective field theory: parametrize new physics with 
higher-order operators   

                        ,                              ,               

  
        :  dipoles                  , 4-fermion       ,              , 

Backup

cutoff



Example: SM with 

      off-diagonal Yukawa coupling in the mass basis 
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Off-diagonal        in the SM 
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                   in the Mass Insertion Approximation

As long as 

the amplitude admits computation with interaction-
basis states.
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In the Higgs sector decoupling limit, 

which employs                       .  
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Rates in the 4-fermion model

Backup

loop functions



Choice of hypercharge     

• No Majorana fermions 

• Lightest charged fermion does decay (              ) 

• No Higgs-lepton-new fermion Yukawas 

• Minimality (# of operators) 

good enough 

Backup



Other dim-6 operators 

           ,              :  not useful for the effective Yukawa 

               :  too many Higgses (    -suppressed) 

               :  needs chiral-vector Yukawa to close loop

Backup



Considerations on the 

•              for any two flavors must be motivated 
(flavor textures, UV boundary conds., etc) 

allow      LFV too 
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…those other effects 

•                  depends on           only
                                       disentangled from 
                                       may be turned off 

•            generated effectively by 

Backup



Also from loop effects 

• Flavor       diagonal RGE-induced. 

           Corrects SM Yukawas 
                             safe for     , not for     , 
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              free from 
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CMS, ‘15



                  case
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Muon-to-electron conversion

A nucleus (Au, Al) captures are muon, which then 
decays into an energetic, monochromatic electron 

                                      Current                       SINDRUM II 

                                      Projection                      Mu2e
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