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Lepton Number Violation (LNV)

Right-handed neutrinos (RHN) appear in many BSM scenarios and 
violate Lepton Number Symmetry due to the Majorana mass term:

 

● Can generate small Majorana masses for SM                               
neutrinos via seesaw mechanisms.

● Could explain the baryon asymmetry via                            
leptogenesis.

● Could provide a viable Dark Matter candidate.
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Probing LNV

●  Neutrinoless double beta decay (           )

● Proton decay

● Rare meson decay

● Collider searches: same-sign dilepton production
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Low Scale Seesaw 

● In conventional “high-scale” seesaws, the mediators(RHN) are 
superheavy, and hence kinematically inaccessible at colliders.

● In low-scale seesaw models such as inverse or linear seesaw, the 
heavy mediators may be produced at high-energy collider setups.

● In inverse seesaw heavy neutrinos are produced via the mixing and 
due to small mixing value the cross-section is small. 
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Minimal Linear Seesaw Model

First proposed in the context of 

and in the context of SO(10) framework.  

Here, the simplest version is realized within the SM gauge 
group itself:

Add pair of singlets with                                   and a scalar doublet 
                     :

SU (3)c⊗SU (2)L⊗SU (2)R⊗U (1)B−L
Akhmedov et al, hep-ph/9507275,   
   Malinsky et al, hep-ph/0506296
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                                                 with                          and 

Light neutrino masses in the limit                                 :

In contrast to type-I seesaw,           scales linearly with        : 
hence the name linear!

Neutrino mass diagonalization:                            

                                                            where

                                                            Hence, mixing can be large.
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Masses of heavy-neutrinos are                                                 

                                                                            

The mass matrix        has two nonzero eigenvalues                          

 Heavy neutrino mass splitting can be written in terms of the 
measured mass square differences of light neutrinos:                     
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Heavy neutrino production channels  

● From the decay of charged Higgs 
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Heavy neutrino-antineutrino (           ) oscillation   

●     is produced together with an anti-lepton and       is produced 
together with a lepton.

● Oscillations occur due to interference between the mass 
eigenstates          during propagation.

                                                                  Oscillation is necessary for LNV! 

9

N−N

NN

N 4,5

S.Antusch. et al, 2012.05763



  

Heavy neutrino-antineutrino (           ) oscillation   

● The oscillation probabilities in the lab frame

                                                             Oscillation length in the laboratory  
                                                          is large enough to be experimentally  
                                                                     resolvable. 
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LNV at colliders

● Expected number of LNC and LNV events
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LNV at colliders

● The ratio between LNC and LNV events (for an ideal detector)

  

Above a certain        ,      drops to zero as       becomes small
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Ideal Detector
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FCC-ee
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Conclusion

● Lepton number violating same-sign dilepton events are rare in 
SM, making them a distinctive signature for new physics.

● In contrast to other low-scale seesaw schemes, in linear seesaw 
mechanism, LNV can be large at high energies. 

● The Yukawa coupling       detemines the heavy-neutrino production 
instead of the small light-heavy neutrino mixing.

●  Heavy neutrino-antineutrino oscillations are necessary for the 
LNV signal. 

● A relatively large number of LNV events are expected at colliders.    
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RHN decay modes  

Small         and small         implies small decay width:

Long-lived RHN                         Displaced vetrex
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