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Abstract: 
 From eruptions on the Sun and the evolution of the solar wind to sub-
storms in Earth's magnetosphere, plasma physics phenomena per-
vade our Sun-Earth system, but many remain poorly understood.  I will 
argue that the investigation of fundamental plasma physics common 
to all these systems holds keys to unlocking the mysteries of our helio-
sphere.  My talk will focus on two examples: magnetic reconnection 
and non-linear physics of Alfvén waves. 
 
Magnetic reconnection is an important energy release mechanism to  
consider in contexts such as magnetic flux loops on the Sun and the  
Earth's magnetotail.  In both cases, a slow build up phase is followed  
by a quick release of magnetic energy, but this impulsive behavior is  
not fully understood.  I will show results from a dedicated laboratory 
experiment at Princeton University in which 3-D physics is necessary 
to explain the observed impulsive events.  The experiments have key 
features in common with space observations that will inform future 
comparative studies. 
 
Alfvén waves are fundamental modes of a plasma with a magnetic 
field. The non-linear behavior of these waves may be key in contexts 
such as the heating of the solar corona and solar wind turbu-
lence.  One important non-linear process with a long history of theoret-
ical and simulation studies is a class of parametric instabilities in 
which a large amplitude Alfvén wave produces various daughter 
modes.  I will show 1) results from recent experiments at the Large 
Plasma Device at UCLA which represent the first observation of this 
type of instability in the laboratory and 2) ongoing satellite measure-
ments aimed at determining if Alfvén wave parametric instabilities play 
a role in our heliosphere.  
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