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Summary 

 
All physical processes at and around the Earth's bow shock are collisionless and 

ion dynamics are determined by wave-particle interactions. Ions are reflected and 
energized, gyrate at the shock ramp and create shock surface waves and some with high 
speeds are able to propagate upstream against the solar wind, form beams and create 
waves upstream by ion-ion beam instabilities. Most of the ions are convected 
downstream after the first interaction with the shock where they undergo highly non-
linear wave particle interaction leading to downstream thermalization. These processes 
are fundamental and may be found at other planetary shocks and at other astrophysical 
settings such as the termination shock.  

Numerical simulations show that kinetic processes determining the local structure 
and dynamics, which are a major factor for ion reflection, scattering at the shock ramp, 
and downstream thermalization. In fact, reflected, gyrating, and downstream heated ion 
distributions at the shock ramp seem to form a self-regulating system. This system 
depends on several plasma parameters and shock parameter, such as Θbn, and plasma ß. 
Multi-spacecraft missions, such as Cluster and most recently THEMIS, are capable of 
providing new detailed observational insights into both: the local structure of the shock 
and the associated processes such as ion reflection and ion beam formation. For instance 
previous diagnostics of the detailed shock geometry have been restricted to times of the 
actual shock crossings. A new technique has been developed to remote sense the dynamic 
evolution of the shock structure using field-aligned ion beams while the satellites are 
upstream of the shock. In this presentation we will review recent developments to 
investigate kinetic processes at and downstream of the Earth’s bow shock using multi-
spacecraft measurements, on the one, and kinetic particle simulations, on the other hand.  


