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Most of the Universe is in the fourth or plasma state of matter, which behaves quite differently 
from the solid, liquid and gas states.  In particular, a plasma interacts in a subtle and intimate 
way with any magnetic field that is present. 
 
For many purposes this interaction is described by the equations of magnetohydrodynamics (or 
MHD, for short), which represent a unification of the equations of fluid mechanics and slow 
electromagnetism.  Mathematically, the interest lies partly in the inherent nonlinearities that are 
present and partly in the multi-scale nature of many MHD phenomena. 
 

 
 

Magnetic field lines in a configuration of eight null points, where reconnection has been studied 
numerically (Galsgaard and Nordlund). 

 
In practice, the magnetic field is usually attached or ‘frozen’ to the plasma and the magnetic 
field holds on to its energy, even though in many cosmic environments, such as the outer 
atmosphere (or corona) of the Sun, it is by far the dominant source of energy.  The exception to 
this freezing of the magnetic field to the plasma is in sheet-like or filamentary singularities, 
where the electric current density becomes indefinitely large in an ideal medium.  Inside the 
sheet, magnetic diffusion becomes important and the field lines are able to diffuse through the 
plasma, to break and reconnect.  In the process of magnetic reconnection, the topology of the 
magnetic field can change and the magnetic energy is converted into heat, kinetic energy and 
fast particle energy. 
 
Reconnection is responsible for many dynamic processes in the Sun, the Earth’s Magnetosphere, 
laboratory plasma machines and many astrophysical bodies.  In particular, in the Sun it is 
responsible for solar flares and probably for heating the corona to several million degrees by 
comparison with its surface temperature of 6000 K. 
 
During this short programme, experts on MHD and collisionless plasma theory will come 
together, especially from the solar and magnetospheric communities, in order to focus on two 
key aspects of magnetic reconnection theory.  The first is to develop an understanding of the 
three-dimensional aspects of reconnection and the second is to study the ways in which 
reconnection operates in a collisionless plasma. 


