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‣ Fourth generation neutrinos

‣ Baryon asymmtery of the Universe and new neutrino states

A. Lenz, D. Schalla, H. Päs, arXiv:1104.2465  

S. Hollenberg, D. Schalla,  H. Päs, work in progress  
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Outline

‣ Neutrinos and the 4th generation
‣ Majorana-ness and double beta decay
‣ Baryon asymmetry washout
‣ A simple extra-dimensional model 
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Neutrino status review

‣ Solar neutrino oscillations                    
→ large mixing

‣ Atmospheric neutrino oscillations     
→ maximal mixing

‣ No short-baseline νe disappearance 
→ small mixing                 

⇒Neutrinos have masses 
⇒Mass eigenstates ≠Flavor eigenstates
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Neutrino status review
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‣ only neutral among elementary fermions
‣ mν   <<  mq,e,μ,τ

Fourth generation neutrinos

Neutrinos are special in 2 respects:

⇒ is there any connection ?

Weinberg 5D operator:

with M big

Neutrino status review

M
1 e.g. various 

Seesaws....
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‣ ⇒ theoretical prejudice: Neutrinos are Majorana

‣ nice: Baryogenesis via Leptogenesis
‣ also nice: helps for 4th generation EW precision 

data (see Talk J. Rohrwild)
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Neutrino status review

Both Dirac and Majorana masses:

MR ∼ MGUT � mD

Seesaw I 
mechanism

mν = m2
D/MR⇒
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Neutrinos and the 4th generation

But - a 4th generation neutrino is different:

‣ an SU(2) doublet neutrino contributes to the Z 
decay width → LEP bound 

‣                                                      
    ⇒ charged and neutral leptons have similar mass
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A simple extra-dimensional realization

Text

Breaking of lepton number on a distant brane
See e.g. [Arkani-Hamed, 

Dvali, Dimopoulos, March-
Russell, 1998] 
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Conclusions

‣ Fourth generation neutrinos are heavier
‣ → bound from double beta decay
‣ → bound from washout of baryon asymmetry
‣ 4G ν’s are Dirac or Pseudo-Dirac
‣ Simple realization: Extra-dimensional breaking of 

lepton number
‣ Also: radiative ν masses for 3G due to 4th & 5th G 

neutrinos (see Talk by A. Aparici)
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