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Cold (few eV) ions dominate: 

 

• Most of the magnetosphere     

(number density) 

 

• Most of the time 

 

• Much of the outflow 

 

These ions: 

 

• Change the Alfvén velocity 

 

• Introduce a new length-scale  

 (gyro radius) 

 

 
 

 



 3 

Large scales: Cold ion outflow 

 

polar wind

< few x1025 s-1

0.05 - 1 cm-3

50-70%

polar wind

0.3-1x1026 s-1

0.03-0.3 cm-3

~70%

plumes

1026 -1027 s-1

3-40 cm-3

~20%

plasmaspheric wind

<1026 s-1

0.5-3 cm-3

~70%

 
 

 

• Outflow paths 

• Outflow rates 

• Typical densities 

• Fraction of time cold ions dominate 
(Cluster statistics, André and Cully, GRL, 2012) 
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Large scales: Some statistical studies 

 

 
Examples of statistical studies of ion 

upflow at high latitudes and ion outflow 

through the magnetopause at low 

latitudes.  

 

A typical outflow rate is 1026  ions/s 

 
(André, Toledo-Redondo and Yau, in press, 2020) 
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Small scales: Generalized Ohm´s law 

 

 
(MMS, André et al., GRL, 2016)   (200 km) 
 

Magnetopause magnetic reconnection 

separatrix observed by MMS 

 

EN is balanced by drifting  

electrons and cold ions and  

divergence of the electron  

pressure tensor 

 

(1/e n)(jxB)   (nc/n)(vcxB)  1/(e n) div Pe    
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