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         New Particles   
without new forces, motivated by  
 
  the evidence for a Dark Matter 

                               &  

  the prominent SM’s Landmarks:   

 Heavyness of top 

 Lightness of neutrinos 

 Lightness of the SM Higgs  



           Neutrino Mass  
as most tangible BSM with 
new particles producing effective 
Dimension 5 neutrino-mass operator 



Type I 

Type II 

Type III 

    
       Dim-5 Seesaw Operator  
Only 3 realizations at tree-level 
- single BSM particle with SM charges 



 Scale of New Physics for  
Type I, II and III Seesaw 



 Lowering the seesaw scale  
 by going to Dim>5 operators 



Only 2 realizations of dim>5 
operator with Dirac fermion 
tree-level seesaw mediator  
 



       Two “TypeIV”  Seesaw  
       dim 7 and dim 9 operators 

 
 Dim 7 Operator, Babu et al/0905.2710 (PRD)  
 Dim 9 Operator, IP & BR/0911.1374 (PLB); 
                       KPR/1106.1069 (PRD)  
 

 



       “Type V” Seesaw  
(5, 0) instead of (3, 0) in Type III 



EWSB in usual way from the 
Higgs doublet 

 Induced vev for  
  quadruplet scalar Φ  
 



  Seesaw w.r.t. Radiative  
 
Mass ~    



Tree w.r.t. Radiative dominance  



The options:  Real 

 Virtual 

 Scotogenic 



 Real Heavy Leptons @LHC 



Doubly-charged leptons @LHC 





The distinctive signatures 
good for the discovery 



Virtual Physics in the LHC Era 



V 



Virtual Charged Scalars @LHC 



The couplings relevant for 
the diphoton decay 







Scotogenic Option 



250 anniversary 
of Bošković’s 
“Theoria”     & 
of the DM idea 



Seems timely to recall thoughts 
in point # 518 therein 



   3 Regimes of the 
“Type V” Seesaw 

 Real – heavy lepton signals @LHC 

 Falsifiable dim 9 operator                                                                                                             

 Virtual – charged scalars in loops 

 Measured rare decays of the higgs 

 DM (Scotogenic) 

 Virtual Physics in the LHC-era 


