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Abstract

Under the extreme conditions that can be found around dense stars and in the accretion discs of black
holes, several strong-field quantum phenomena dominate the dynamics of the plasma. This includes
the creation of matter and anti-matter from the vacuum (Schwinger mechanism), radiation reaction
and Landau quantization. Some of these strong field phenomena were presented theoretically a
century ago but have never been verified in experiments due to the difficulty of creating the required
extreme conditions in the lab. However, with the development of laser facilities in the past decades,
it will be possible to observe several extreme physical phenomena in the near future. To conduct
experiments on these extreme phenomena, theoretical simulations need to be constructed as a guide
for optimizing experiments.

This thesis is concerned with developing and analyzing strong field phenomena in kinetic plasma
models. The focus is to extend current kinetic models to include several physical phenomena that are
relevant to future experiments on laser-plasma interaction. In particular, a kinetic theory based on
the Wigner transformation of the Dirac equation has been analyzed in different regimes. This kinetic
model is used to study the plasma dynamics at the Schwinger limit, where collective plasma effects
and several quantum processes are studied.
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