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Big Subject!

• Lessons from the Earth’s bow shock

• Inwards and outwards in the Heliosphere

• Going further …



Shocks in General

• Simplest (and most complicated) nonlinear
waves

• Conservation relations for upstream to
downstream make them simple

• Flow energy converted to thermal

• Collisionless processes make them
complicated!



Collisionless Shocks

• Heating via field-particle interactions

• Nonthermal distributions

• Energetic particles – of all kinds

• A small fraction of flow energy may end up
as very energetic particles

• Foreshock and downstream turbulence



Terrestrial Bow Shock

• Detailed observations over 40 years

• Advances in understanding collisionless
plasma shocks

• Shock is usually high Mach number

• Importance of shock magnetic geometry:
perpendicular to parallel

• A small-ish obstacle, important curvature



Shock Structure from
Observations



Cluster Observations



Quasi-Parallel Shock
• Important

for particle
acceleration

• Role of
shock
structure for
“injection”



Pulsations
within
Shock

Transition



Model of Quasi-Parallel Shock



Outwards to the Termination Shock



The edge of the heliosphere …



Inwards to the Sun

Flares …



Solar shocks continued …

CME



More solar shocks?



Dynamic Fibrils - Simulations



Going Further …
For

helio(?)-
spheric

boundaries



Going Further …

For particle
acceleration



Hot Flow Anomalies

• Discovered at Earth’s bow shock

• Structure/event with hot isotropic plasma
and strongly deflected flow

• Associated with collision of discontinuity
with (q-perp) bow shock

• A possible source of upstream energetic
particles (ahead of q-perp shock)?



Observations and Simulations



Hot Flow Anomalies and the
Termination Shock

• Scale lengths at termination shock are much
larger than at Earth’s bow shock

• Could interaction of large scale
discontinuities disrupt the termination
shock?

• Or act as gateway for downstream energetic
particles?

• The difficulties …


