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The solar wind provides a very versatile laboratory to study the physics of interacting plasmas and the transport and acceleration of particles in space. The acceleration of the hot corona to a super​sonic wind and its interaction with the interstellar neighborhood is a basic example for the sur​roundings of stars. Wherever the supersonic solar wind runs into obstacles the formation of shock waves: at planetary magnetospheres and comets, in the transition from high to low speed solar wind, at coronal mass ejections, and at the heliospheric boundary. Shock waves are known as very efficient particle accelerators in the cosmos.  A wide variety of them can be studied in-situ within the solar system itself.  The populations of particles, which are accelerated in interplanetary space, range from the solar wind proper, via particles from the planetary and cometary environ​ments to the interstellar gas. In addition, particles accelerated at the sun during solar flares and cosmic rays from outside the heliosphere have to be considered. We will include the discussion of the instrumentation necessary to study these phe​nomena experimentally.

0. Introduction


Goals


Grading


Overview

I. Solar Wind and Interplanetary Magnetic Field

Solar Wind


Historic overview


Solar atmosphere and static corona


Supersonic expansion of the solar wind  (heating, heat transport)

Interplanetary Magnetic Field


One Fluid Magnetohydrodynamics


Magnetic field topology (transport of magnetic flux)


Angular momentum transport

MHD Waves


Sound waves


Alfvèn waves

Interaction with Obstacles (Planets, comets, etc.)

Shock Waves


Rankine-Hugoniot relations


Magnetized shocks



Bow shocks, Heliospheric termination shock

II. Plasma Instrumentation: Low Energy Particles and Fields

Observation Requirements

 Measurement parameters 

Particle Instruments


Faraday cup


Electrostatic analyzer


Mass Spectrometers



Time-of-flight


Neutral atom instruments

Field Instruments


Magnetometer


Electric field instruments 



Double probe


Electron drift method

III. Interaction of the Interstellar Medium with the Heliosphere

Solar wind neutral gas interaction


Observations


Sources of the neutral gas and their ionization


Pickup process

Transport of Particles in Interplanetary Space


Diffusion


Convection


Adiabatic deceleration


Focusing effects

Modeling of interstellar gas in the solar system


Interstellar neutral gas distribution in the heliosphere


Diagnostics of the local interstellar medium

Boundary of the heliosphere


Size of the heliosphere


Termination shock

IV. Cosmic Ray Instruments: Energetic Particles
Observation Requirements

Measurement parameters 

Extension of Low Energy Techniques


Electrostatic analyzer


Time-of-flight


Limitations

Energy loss in matter


Coulomb interaction


Partial ionization


dE/dx versus E detectors

Energetic Particle Detectors

Solid state detectors


Proportional counters


Szintillators

The Earth’s Magnetic Field as a Spectrometer

V. Transport and Acceleration of Charged Particles 

Interplanetary Particle Populations


Solar energetic particles

Bow shock particles


Interplanetary accelerated particles


Anomalous component of cosmic rays

Transport Equations

Basic processes and their derivation

Transport and acceleration effects

Shock Acceleration


Observations at the Earth’s bow shock


Reflection and shock drift acceleration


Diffusive acceleration


Wave-particle interaction


Shock simulations


Interplanetary shocks

VI. Solar Energetic Particles

Observation of Solar Energetic Particles


Spectra and time profiles

Composition

Charge state

Particle Sources


Sun


Coronal mass ejections

Solar energetic particle event classification

Magnetic Reconnection


Steady state reconnection


Diffusive and explosive processes

Particle Acceleration


Electric fields


Shock acceleration


Selective processes

VII. Other Energetic Particles Sources

Galactic Cosmic Rays


Observations


Sources

Anomalous Cosmic Rays


Interstellar gas particles


Acceleration at the termination shock


Transport processes
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