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1 Plasma Structures: From the Earth Magnetosphere to Clusters
of Galaxies

Being statistically homogeneous on cosmological scales the Universe is demonstrating a
very rich variety of structures and components at smaller scales. Gravity is the source of
energy and the driving force for formation of the large scale structure (LSS), clusters of
galaxies, galaxies and stars, while the electromagnetic fields are drastically important for
the microphysics of the momentum and energy transfer in the baryonic matter and radi-
ation. The Workshop “Multi-scale structure formation and dynamics in cosmic plasmas”
which was held at International Space Science Institute in April 2013 was devoted to a
broad discussion of different aspects of formation, dynamics, and observational appearance
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of plasma structures at different scales ranging from LSS to the Earth’s magnetosphere.
The present book is composed from the reviews, which are based on the discussions at the
ISSI Workshop. It contains review papers on the basic processes of structure formation in
cosmic plasmas starting from electric currents, which produce magnetic structures in planet
magnetospheres, stellar winds, and relativistic plasma outflows like pulsar wind nebulae and
Active Galactic Nuclei jets. The important role of the helicity concept on the structure for-
mation and evolution of the large scale magnetic fields in highly conductive cosmic plasmas
is emphasized in the book. Microscopic dynamics of plasma flows and magnetic fields was
discussed in depth in Space Sciences Series of ISSI, Volume 47 “Microphysics of Cosmic
Plasmas”, originally published as Space Science Reviews (Balogh et al. 2013), and thus, it
is highly recommended to refer to that volume while reading the present volume. Cosmo-
logical aspects of plasma structures are reviewed within a discussion of large-scale structure
formation from the first non-linear objects to massive galaxy clusters, which is followed by
a review of observations and current models of structures and components in galaxy clus-
ters. Supernova remnants interacting with molecular clouds are among the most important
ingredients of the global galactic ecology with a profound effect on the phenomena related
to star formation. The multi-wavelength view from the radio to gamma-rays with modern
high resolution telescopes revealed a beautiful and highly informative picture of both coher-
ent and chaotic plasma structures tightly connected by strong mutual influence. The same
plasma processes are likely to control the structure and dynamics of Earth’s magnetosphere
where detailed direct satellite observations are available. The properties of magnetic field
fluctuations and structures in the outer solar atmosphere and Earth’s magneto-tail, which
have direct implications for the general problem of structure formation in hot plasmas, are
discussed in depth in the volume.

This volume is aimed at graduate students and researchers active in the areas of astro-
physics and space science.
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