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•'The'(Classical)'Boltzmann'eq.'for'the'lepton'number�
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from'NonGequilibrium'QFT�

KadanoffGBaym'equaXons'
.�

(No'asymptoXc'state)�

Non-equilibrium'situaXon�

•'Off-shell'external'line�

In'reality�
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Spectrum'of'the'system�

State'of'the'system'
'''''''''DistribuXon'func.�

KadanoffGBaym'eq.':'the'selfGconsistent'eq.'for'full'propagators�

source'term�

MEMORY'INTEGRAL'involves''
the'flavor'oscillaXon'completely.'
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In'the'following,'we’ll'see'that�

•'KB'eq.'for'the'SM'lepton'is'reduced'to''
''''''''''''the'BoltzmannGlike'eq.'for'the'lepton'number.�

•'CPGviolaXng'parameter'''''''is'obtained'
'''''''''''''''''''''''''''''''''from'the'counterpart'of''''''''''''.�

Advantage'of'the'MEMORY'INTEGRAL'
'in'the'KB'eq.'for'RH$neutrino�
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Time'integral'contributes'only'around'''''
'''because''the'SM'gauge'interacXon'is'very'rapid.�

•'The'evoluXon'eq.'for'the'lepton'number�

:'lepton'propagator�
:'Higgs'propagator�

K.B.eq.'for'the'SM'lepton�

Yukawa'
'coupling�
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•'The'evoluXon'eq.'for'the'lepton'number�

K.B.eq.'for'the'SM$lepton� Gain'term�

Loss'term�

Local'Boltzmann'collision'term'
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•'Wightman'propagator'of'the'RH'neutrino'
'''''''''''''''''''''in'the'lepton'number'evoluXon'eq.�
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•'Wightman'propagator'of'the'RH'neutrino'
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•'Wightman'propagator'of'the'RH'neutrino'
'''''''''''''''''''''in'the'lepton'number'evoluXon'eq.�

MEMORY'INTEGRAL'

Decay�

cf.  
“Classical”'picture'
'before'the'decay'
'in'the'Boltzmann'eq.�

Thermal'bath�

External'line'
'of'unstable'parXcle�

Flavor'oscillaXon�

Time�
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Each'one'is'the'superposiXon'of'the'two'different'mass'eigenstates.�

External'line�

•'CPGviolaXng'parameter'''''from'Wightman'propagator'

Decay'of'the'superposiXon'
'''''of'the'two'different'
''''''''''''''''''''mass'eigenstates''
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•'CPGviolaXng'parameter'''''from'Wightman'propagator'

CPGviolaXng'parameter�

Decompose'into�

“Classical”'and�

“Quantum”'contribuXons.�
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regulator�

•'CPGviolaXng'parameter'''''from'Wightman'propagator'

NeglecXng'the'interference'terms�

CPGviolaXng'parameter�

Boltzmann'eq.�
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Interference'between'the'
two'different'mass'eigenstates'

All'contribuXons'including�

regulator�
All'of''quantum''
coherent'effect�

•'CPGviolaXng'parameter'''''from'Wightman'propagator'

offGshell''
''external'line�
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•'Final'lepton'asymmetry'�

TeV'scale'leptogenesis'is'sXll'possible.�

Depending'on''
the'magnitude'of'the'Washout.�

To'determine'the'precise'value'of'the'lower'bound,'
'more'detailed'invesXgaXons'are'required.'
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•'Summary'�

•'In'the'expanding'universe,'
'''the'CPGviolaXng'parameter'in'the'resonant'leptogenesis''
'''is'derived'from'KaddanoffGBaym'equaXon.�

•'The'flavor'oscillaXon'(quantum'effect)'
'''can'be'taken'into'account'completely'by'the'memory'integral.�

Applying'this'result'to'the'models'which'need'the'resonant'leptogenesis,'
'''''''''invesXgate'whether'there'is'the'parameter'region'
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''to'generate'the'correct'baryon'asymmetry.�
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Thank'you'for'your'amenXon.�


