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Leptogenesis
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Leptogenesis

m kinetic equations needed, usually generalized Boltzmann equations (BES)
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Leptogenesis

m one-loop vertex and self-energy contribution
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B parametrize matrix elements by CP-violating parameter
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m self-energy contrib. completed by finite width (Paschos et.al., Pilaftsis et.al.,
Plimacher et. al., Covi et.al....)
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Resonant Leptogenesis

m self-energy contribution is resonantly enhanced
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Nonequilibrium Quantum Field Theory

m repeat nonequilibrium quantum field analysis of resonant “leptogenesis”
within toy-model o911.4122 for SM+3vg
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m see also: Buchmiiller, Anisimov, Drewes, Mendizabal and Garbrecht, Herannen, Schwaller, et. al.

m divergence of lepton current (flavour independent)
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m Kadanoff-Baym equations
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Nonequilibrium Quantum Field Theory

m 1-loop self-energy
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m gradient expansion, Wigner transformation . ..
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m compare with conventional Boltzmann equations
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Nonequilibrium Quantum Field Theory
m Kadanoff-Baym ansatz and quasi-particle approximation for leptons and
Higgs (lepton flavour-diagonal)
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m quasi-particle approximation insufficient for Majorana neutrinos

m overlap due to finite width neglected

m diagonal approximation neglects
cross-correlations

Sml:)(taq) =
8" (¢ + M;) (2m) sign(a®) 6(q? — M?)
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Nonequilibrium Quantum Field Theory

m equilibrium solution for S with off-diagonal components

m elegant analytic solution with off-shell dynamics possible (neglecting
back-reaction and expansion) 1112.6428

m rewrite full S in terms of diagonal § and off-diagonal 3/
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m solve for S
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m insert S in self-energy

m analyse the pole structure of S
m (extended) quasi-particle approximation for diagonal propagator



Nonequilibrium Quantum Field Theory

m spectral functions for R = 100,

T =0.1M;, M;
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consider 2RHN,
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Nonequilibrium Quantum Field Theory

m spectral functions for R = 100,

T =0.1Mq, Mq
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Nonequilibrium Quantum Field Theory

m spectral functions for R =10, T = 0.1 M, M,




Nonequilibrium Quantum Field Theory

m spectral functions for R =10, T = 0.1 M, M,
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m Ni, N, undergo level-crossing




Nonequilibrium Quantum Field Theory

[ | quantum -corrected rate equation
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m corrected CP-violating parameter in R > 1 limit
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m retrieve conventional amplitudes inR — oo, T — 0 limit



Nonequilibrium Quantum Field Theory

m Ly, capture medium effects (two components for each sufficient)
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Rate Equations

m rate equations (42)
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m medium corrected reaction densities (compare Garbrecht et. al., Wong et. al., Hannestad
et. al., Pastor et. al.)
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Preliminary Results

m averaged CP-violating parameter
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Thermal Masses and Modified Dispersion Relations

m Ly, depend on the kinematics in the decay
m thermal masses of leptons and Higgs Mm@ ~ 0.2T, me ~ 0.4T,
@®—0+ O form®> m@ + M
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m leptons have modified dispersion relations (weldon; Giudice et.al.; Plimacher, KieRig)
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m collinear enhancement can enable Majorana decay with enhanced rate at
high T (Bédecker et.al., Laine et. al.)



Conclusions

m Nonequilibrium quantum field theory can put Leptogenesis on solid
ground

m improved rate equations for quasi-degenerate case

B quantitative corrections can be significant

m need quantum analysis with off-shell dynamics in degenerate case
m need to include further medium effects
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