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Short Answer

• Reconnected flux tubes pick 
up ions from a gravity trap
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SITL Selections

On-Board Selections

"MMS Mission Book" available online at: http://tinyurl.com/MMS-mission-book 



T E Moore, NASA Goddard UPMP: 6-12 Sept 2015

Polar Wind Auroral Wind

Magnetosheath Flows

Plasma sheet boundary layer
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What produces the mass flux?  
Vacuum Cleaner or Fountain? 

Waterspout Pressure

FountainSuction
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Fundamental Problem?

• How get enough of ion 
velocity distribution up above 
escape speed?  

• 1. Lower escape speed 

• 2. Raise ion speeds
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Observing Outflow Origins
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EISCAT Radar Discoveries

2. Precip. / e- heating

1. Flow / i+ heating

Non-thermal i+ velocity distributions

Type 1 Upflows
Ion Heating

Type 2 Upflows
Electron Heating

_________ Exobase   ________
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Energy Pathways

• Kinetic energy in electrons:  

• Ambipolar potential drop ~ 
10-20 V reduces escape 
velocity 

• EM energy moving ions  

• Fast ion pick-up, 
thermalization increase ion 
velocities
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Transversely Accelerated Ions

Velocity [km/s\]

Natural TAI and STS hot ions have power law tails

Freja auroral TAI STS wake TAI
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Generalized Jeans' Escape

Observed outflow => power law tails [Moore & Khazanov 2010]

• Jeans’ ion escape in 
ambipolar potential 
with centrifugal 
force

• Consider three 
velocity forms  

• Power law form 
most realistic 

Max.
Exp. 

Lor. 
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Hasegawa Hypothesis
• Assume presence of plasma 

turbulence  

• Velocity dependent velocity 
diffusion σ ~ v2 

• => power law tails 

• What is origin of turbulence? 

11



T E Moore, NASA Goddard UPMP: 6-12 Sept 2015

Velocity Diffusion σvv ~ v2 

Velocity diffusion ~ v2  generates power law tail
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Classical physics generates plasma physics
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350230150 R [Mm]22 100

V = 2.5 km/s
Vth = 2.5 km/s
Κ= 4.95 As V, Teff decline,

relaxation takesΚ= 1 -> 5

Puhl 1993 ApJ flux tube convection into  
cometary ionosphere leads to

non-thermal kappa-like 
distribution

Cometary Pick Up Ion Relaxation

Pick Up source of ubiquitous Kappa distrib’s?
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Pick Up A Solved Problem? 

• For flow speeds >> than VA 
pure pitch angle diffusion => 
bispherical shell  

• What if flow speeds << VA?  

• Spherical shell diffusion is 
then transverse to B 

• Just as observed for auroral 
wind outflows => perpendicular energy 

diffusion

 Isenberg&Vasquez 2007 ApJ

Pick Up Ions in 
limit of small V/VA
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An Outstanding Problem of 
Space Plasma Physics

• How do pick up ions thermalize 
their pick up energy (where V > VTi) 

• Does thermalizing turbulence create 
power law tails (Kappa 
distributions) per Hasegawa?  

• Pick-Up Ion (PUI) physics is as 
fundamental as the auroral electron 
bump-in-tail instability 

• General quasilinear theory solution 
has not been accomplished 

• Smart money on better observations 
and simulations
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