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Observed Baryon Asymmetry

• The value of baryon asymmetry of the Universe is inferred from 
observations in two different ways:
• Big bang nucleosynthesis

• Measurement of the cosmic microwave background anistropies

→  Consistent result!



Basic Leptogenesis

• Generation of lepton asymmetry
• Generation of lepton asymmetry

• Washout of lepton asymmetry

• Temperature of the Universe drops below                due to the expansion
→ Suppression of the inverse decay by a factor
→  Lepton asymmetry is generated!

• Conversion of the lepton asymmetry to the baryon asymmetry
• Violation of B + L due to the non-trivial structure of non-abelian gauge theories, while B – L is conserved
• Transitions from one vacuum structure to another with a change of B and L by 3 units
• Energy barrier between two vacuum structures which is overcome through thermal excitation - sphaleron



Left-Right Symmetric Model

• Symmetry group

• Leptons

• Quarks

• Scalars

• Lagrangian terms relevant to the fermion masses



Left-Right Symmetric Model

• Spontaneous symmetry breaking
• VEV

• Mass terms

• Mass matrices



Left-Right Symmetric Model

• Seesaw mechanism
• LH neutrino mass matrix
• The largeness of RH neutrino masses  →  the smallness of LH neutrino masses

• Choice of mass matrices
• VEV of
• LH neutrino mass
• Dirac and Majorana mass matrices

i. Enhancing CP asymmetry by resonance among RH neutrinos
ii. TeV-scale physics that can be tested in the near future



Left-Right Symmetric Model

• Basic steps
I. Parity breaking at a high scale

All the particles are massless.

→  All the interactions are in equilibrium.

→  No baryon or lepton asymmetry is generated, and any initial asymmetry is washed out.

II. SSB at 
The RH neutrinos obtain masses.

III.
The inverse decay and scattering processes get suppressed by               .
→  The lepton asymmetry is generated by the CP-violating decay processes. The lepton asymmetry at the 
moment right before the EW SSB is transformed into the baryon asymmetry through the sphaleron process.

IV. SSB at the EW scale



Left-Right Symmetric Model

• Sakharov conditions
I. B – L number violation

The B – L symmetry is broken due to the Majorana nature of the neutrinos at the scale 
when the scalar field       acquires VEV by SSB.

II. C and CP violation
The Yukawa couplings and     are complex. 

III. Departure from thermal equilibrium
The inverse decay and scattering rates get suppressed by              when the temperature of 
the Universe drops below the mass of the lightest RH neutrinos.



Boltzmann Equations and Lepton Asymmetry

• Boltzmann equations

• Lepton asymmetry
• Strong washout of RH neutrino density

• Strong washout of lepton asymmetry

A. Pilaftsis and T.E.J. Underwood, 2005



Dominant Decay and Scattering Processes

• 2-body decay
Generation of lepton asymmetry

• 3-body decay
Dilution of the lepton asymmetry

• -mediated scattering
Dilution and washout of the lepton asymmetry

→  Which values of Yukawa couplings and           are compatible with leptogenesis?          = 18 TeV?

J.-M. Frere, T. Hambye, and G. Vertongen, 2009



Explicit Fit

• Fermion mass matrices, VEV’s, RH gauge boson mass

• PMNS matrix, fermion masses, resummed effective Yukawa couplings

• Lepton asymmetry
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Lepton Number Violation and Electric Dipole 
Moment of electron
•

• EDM of
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Lower Bound of RH Gauge Boson Mass

• We need an expression of the lepton asymmetry which predicts the lower 
bound of        for the maximal CP asymmetry.

• Total lepton asymmetry

• Assumptions
i. The      -mediated scattering is the dominant scattering process.
ii. The decay rate the same for all the RH neutrinos.
iii. The branding ratio is the same for all the lepton flavors.

• Approximate expressions of lepton asymmetry



Lower Bound of RH Gauge Boson Mass



Lower Bound of RH Gauge Boson Mass



Conclusion

• With an explicit fit, we have the lower bound of          = 13.2 TeV.

• With the maximal CP asymmetry, we have the lower bound of

= 9.9 TeV, which is smaller than the known value of 18 TeV.

• Both values are beyond the reach of LHC.

• In the parameter region of interest, there is strong correlation
between the leptogenesis and the EDM of e.

• The EDM of e is within the reach of a near future experiment.


