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 LECTURE 1: 
     Motivation for LVF and generic  aspects  

 LECTURE 2: 
    LFV searches in SUSY with R-parity violation (unstable LSP) 
   [flavour violations from new Yukawa couplings] 

 LECTURE 3: 
    LFV searches   in SUSY with R-parity conservation (stable LSP) 
   [flavour violations from non-universalities &  RGE effects]  



 Arbitrary values for masses and interaction constants 

 No explanation of correlations in particle charges 

  Why Q(e) =Q(p), for two particles that are so very different? 

 The SM does not contain interactions that violate L & Β 

  How is then ΔB / ΔL arising in the Universe ? 

  The symmetries of the SM do not allow neutrino masses 

In contrast to the experimental evidence of recent years! 



Atmospheric Neutrinos (fewer vµ)   

 Expected vµ/νe ratio: 2 

 Observed: 1.2 



Super-Kamiokande 

 vµ ντ ?  



SOLAR NEUTRINOS at SNO   

 ve νµ ?  





MINOS - the beam travels for 750 km 



-Nearly maximal 2-3 (atmospheric) mixing 

-Large 1-2 (solar) mixing 

-Small 1-3 mixing (CHOOZ exp) 

-Very small neutrino mass differences 





















Corrections from Massive Neutrinos (L-sector)  



Correlations with quark-charged lepton hierarchies 

 The rest of the terms appear once the symmetry is broken 

Similarly for other fermions, including neutrinos  















Flavour symmetries determine soft SUSY terms 

L-R symmetric 

SU(5) 

L: (1,0,0) 

R: (3,2,0) 



Βaryonic/Leptonic Asymmetry in Universe 

 Violation of Β, L 

 CP violation (differences in scattering of (anti)-matter) 

 Out-of-Equilibrium Conditions (no reverse reaction 

     to bring system back to initial state) 

 Neutrino Mass: ΔL & finally ΔΒ (due to interactions) 





Satisfying the basic conditions in such a framework  

gives additional constraints  







Very different in SUSY! 



Simplest SUSY Models: “Missing Energy Signatures” 

  SUSY Interactions:    All of the SM 

  + vertices where 2 particles substituted by s-particles                         

Passing to Colliders 



 How large LFV?  

 Depends on sfermion mixing (back to MODEL BUILDING) 

Example of FC versus LFV 



In addition to interactions generating fermion masses 

 also 

  
 - These violate B & L [45 couplings from SU(2),SU(3)]  

-  If they co-exist, unacceptably fast p decay  

SUSY & R-violation? 



 X R-parity (SM: +1 , SUSY: -1) 
      Kills all terms with ΔL, ΔB 
             Stable LSP, possibly dark matter 
   Collider Signal: Missing Energy 

  Symmetries i.e. Permiting only ΔL or ΔB 
LSP: Unstable (do we lose SUSY Dark Matter?) 
Colliders: Multi-lepton and/or Multi-jet events 

Choices: 



Neutrino Masses in R-violation 



Results strongly depend on flavour-structure of operators 



 Neutrino data provides the first experimental  
    indication for physics BSM and for ΔL & LFV 

 Link of neutrino textures to other fermion masses has 
    significant implications for flavour structure of underlying theory 
    and for model building 

 This flavour structure may be visible through concrete processes 
    in colliders (minimal schemes & beyond, TO BE DISCUSSED…) 

 Additional motivation/constraints if one believes in leptogenesis 
    (& SUSY Dark Matter, TO BE DISCUSSED…) 


