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Inflation and preheating: Setting the Scene
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when Hot Big Bang starts

now include a scalar matter field, �
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• Kofman, Linde, Starobinsky hep-th/9405187, hep-ph/9704452
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when Hot Big Bang starts

now include a fermionic matter field,  
�µ@µ +m0 + ⇠� = 0

• Baacke, Heitmann, Patzold, hep-ph/9806205
• Greene, Kofman, hep-ph/9807339 m |eff = m0 + ⇠�



pre heating of fermions

• Greene, Kofman, hep-ph/9807339
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pre heating of fermions
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pre heating of fermions

• Giudice et al, hep-ph/9905242
• Tkachev, hep-ph/0112136 
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• homogeneous oscillating condensate can 
resonantly produce scalars and fermions

• easy to produce super-heavy fermions

• heavy fermions used in leptogenesis

inflation/preheating recap
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Oscillons
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cosmology of oscillons
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two types of Oscillon

• Saffin arXiv:1612.02014

flat topped:

Gaussian:
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oscillon recap

• oscillons are localized oscillating condensates of scalar field

• oscillons exist for a wide class scalar fields

• oscillons can be Gaussian in shape, or flat-topped

• the inflaton decays by fragmenting into oscillons



• Cohen, Coleman, Georgi, Manohar: Nucl. Phys. B272, 301 (1986) 

fermion emission from Q-balls / Oscillons
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fermion emission from Q-balls / Oscillons
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fermion emission from Q-balls / Oscillons

find the free-field solutions,     = constantµ
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fermion emission from Q-balls / Oscillons
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fermion emission from Q-balls / Oscillons
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b̂in|0i = 0, d̂in|0i = 0

define the state

fermion emission from Q-balls / Oscillons
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particle emission spectrum
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• Giudice et al, hep-ph/9905242



Conclusions
• resonant behaviour creates superheavy fermions for

• homogeneous condensates - reheating
• inhomogeneous condensates - oscillons

• fermion production does not shut off when condensate 
fragments

• fermions can be orders of magnitude heavier than the 
condensate scalar
• leptogenesis

• backreaction yet to be accounted for

• how do fermions affect oscillon formation?


