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selected crossings of the Earth’s bow shock

Vasko et al. (2020), Frontiers in Physics

9 crossings of the Earth’s bow shock

and only bipolar solitary waves with

amplitudes larger than 50 mV/m

Wang et al. in prep. for JGR

10 crossings of the Earth’s bow shock

and >2000 bipolar solitary waves with

amplitudes as low as 10 mV/m



dataset of solitary waves

• 371 high amplitude (> 50 mV/m) structures from 9 

MMS bow shock crossings

• Vertical lines indicate time of occurrence in each

shock

• Colour reflects potential of ESWs (negative, positive)



Interferometry analysis
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nature of bipolar structures

• solitary waves are predominantly ion phase space holes

• only 3% (10 out of 371) structures have positive potentials

• propagate with velocities of about 100 km/s in the SC frame

(ion-acoustic type fluctuations)

• scarce amount of electron holes can be explained by the 

transverse instability. The stability criterion is 

• at realistic conditions Τ𝝎𝒑𝒆 𝝎𝒄𝒆~𝟏𝟎𝟎 only very small 

amplitude electron holes (~0.01 V) can be stable for 

sufficiently long time
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origin of bipolar structures
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• Ion phase space holes are most likely produced by

two stream ion instability. The condition for saturation 

of that kind of instability is 
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this is what occurrence of >50 mV/m bipolar structures looked like in shock#1



this is what occurrence of >10 mV/m bipolar structures looks like
(Wang+, in prep for JGR)


