
Plasma – a gas where particles have split into charged ions and 
electrons – is somewhat rare on earth, but makes up 99% of normal 
matter in the universe. Despite its prevalence, scientists haven’t been 
able to observationally verify a fundamental theory describing how 
plasma moves in response to electric and magnetic forces. Until now.

With its ultraprecise measurements, NASA’s Magnetospheric 
Multiscale mission – MMS – has finally measured plasma’s 
movement on the small scales necessary to see if plasma collectively 
interacts with electromagnetic fields in the way the theory predicts, 
which is described mathematically by the so-called Vlasov equation.  
Since the beginning of plasma physics research nearly 100 years ago, 
the Vlasov equation has often been assumed to be valid for many 
kinds of plasmas in space. The new MMS results, published in Nature 
Physics on July 5, 2021, enabled scientists to see the fundamental 
plasma variations described in the theory for the first time in nature.

Measuring the basic interactions of space plasmas with electric and 
magnetic fields helps scientists better understand different 
mechanisms that fuel energetic space weather events, from auroras 
to plasma ejections off the Sun, which can interfere with satellites 
and communications on Earth.
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The thin boundary in Earth’s protective magnetic field, or magnetosphere, shown here 
between the blue and yellow regions, is where NASA’s Magnetospheric Multiscale mission 
measured terms of the Vlasov equation. The new measurements help scientists better 
understand how supersonic solar wind plasma particles penetrate the magnetosphere 
where they can produce auroras and damage communications satellites. Credits: NASA’s 
Goddard Conceptual Image Lab


