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The Standard Model cannot explain the observed baryon asymmetry

Leptogenesis is one of the possible beyond SM explanations:

Three right-handed heavy Majorana neutrinos produce a lepton asymmetry that transforms     
into a baryon asymmetry via the sphaleron process

1. Lepton number violation -                                 

2. Departure from thermal equilibrium -   

3. CP violation - 

Why leptogenesis?



Why SU(5) X U(1)? 
It is a minimal renormalizable and potentially realistic theory of BLNV nucleon decays:

● Symmetry breaking achieved by a 10-dim scalar representation

– SU(5): 24-dim

– SO(10): 45-dim + 16-dim

● Right-handed neutrinos appears naturally as components of a 10-dim fermionic representation

– SU(5) x U(1): (uc,L) + (Q, dc, νc) + ec

– SU(5): (dc, L) + (Q, uc, ec) + νc



Why SU(5) X U(1)? 
● Large Majorana mass term is generated radiatively through the Witten's mechanism

— Small LH neutrino masses:

— Unification constraint: 

Previous research:

C. A. Rodriguez, H. Kolešová, M. Malinský - Witten's mechanism in the 
flipped SU(5),  Phys. Rev. D, 89, 2014

D. Harries, M. Malinský, M. Zdráhal - Witten's loop in the minimal flipped SU(5) unification 
revisited, Phys. Rev. D, 98, 2018



1. Select a particular light neutrino mass matrix 

2. Solve the RGE for            

3. Compute the heavy mass spectrum from the see-saw formula   

4. Compute the Yukawa matrix by switching basis

5. Solve the Boltzman equations to compute the final lepton asymmetry 

6. Repeat for all possible 

— Find the upper bound on the lowest LH neutrino mass 

— Look for any constraints on the proton decay branching ratios 

Goals and strategy



●        - CP asymmetry

●        - “wash-out factor”, decay parameter

●        - flavour operator

●        - flavour projection operators, quantum decoherence terms describing interactions with   
 charged leptons

Density matrix equations



Classical vs. quantum approach



Classical vs. quantum approach



Results discussion



Summary
● For a given mν, flipped SU(5) unification predicts the baryon asymmetry ηB 

● All three heavy neutrinos and flavour effects must be considered

● First numerical scan: mν < 0.04 eV

What is left to do?

● Find the highest possible mν with sufficiently high ηB

● Decide which regime dominates

● Check for constraints on the Uν
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