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Electron phase space holes – solitary structures we are interested in

Electron-phase-space holes are formed in a nonlinear stage of 
various electron streaming instabili7es
(bump-on-tail, two-stream, Buneman)

In spacecra* measurements they are observed 
as solitary waves with posi7ve poten7als 

these solitary waves are kine7c modes exis7ng 
due to a deple7on of the phase space density 

of trapped electrons

see, e.g., Hutchinson, Phys.Plasmas, 2017

see, e.g., Omura+, jgr, 1996; Drake+, Nat., 2003 





Summary: Slow electron holes certainty cannot be stable in Maxwellian plasmas. But their 
stability can be achieved in plasmas with non-Maxwellian Ions.

The problem of slow electron holes acceleration



•Magnetospheric Multiscale
mission
• Launched in 2015

• Studies Earth’s magnetosphere

• Four identical spacecrafts flying in a
tetrahedron

• 3D electric field measurements; fast 
particle measurements

MMS



We consider a par7cular 3 minute long interval 
of MMS data

• MMS spacecra* were located at about 20 RE 
from the Earth, in the plasma sheet boundary 
layer

• Quiet condi7ons with magne7c field was around 
30 nT in magnitude and was pointed 
earthward(along the x-axis in the GSE)

• Electron density remained sta7onary at the level 
of 1.3cm-3

• Ion bulk velocity was within 200 km/s
• Broad band electrosta7c noise is persistent 

around the ion plasma frequency fpi

A cluster of of 751 Bi-polar structures with (ɸ > 0)



Speed from 1 to 2| -759 km/s
Speed from 1 to 3| -690 km/s
Speed from 1 to 4| -705 km/s

Mean| -719 km/s
Devia7on| +- 36 km/s

V1i = S1i /(ti – t1)  i = 2:4Mul1spacecra8 interferometry 
technique



Background ion velocity Distribution

• Reduced ion velocity distribu7on func7on f(v||) was computed at 150 ms cadence using ion 
distribu7on func7ons measured aboard MMS1 

• Ion popula7on consists of a core popula7on and a beam propaga7ng an7parallel to the local 
magne7c field, i.e. in the same direc7on as the solitary waves

• Veloci7es of detected solitary waves cluster close to the local minimum between the core and beam 
popula7ons

• Double-hump structure is well preserved through out the whole 7me interval and veloci7es of
structures strongly correlate with the posi7on of the local minimum



• We have perfomed the same analyse for another 1000 
slow electron holes collected by Lotekar et.al 2020

• The results  indicate that the considered interval is
not excep7onal

• Slow electron holes occurrence is correlated with 
double hump ion velocity distribtuions



Conlusions
• We considered a parZcular event in the Earth’s plasma sheet boundary layer, 

where significant turbulence of electron holes has been detected 

• Using mulZspacecra` interferometry we were able to determine velociZes of 
electron holes, which happened to be of order of ion thermal velocity.

• We made use of local measurements of ion velocity distribuZon. It was shown, that
slow electron holes are accompanied by double-hump ion distribuZons, with 
speeds of slow electron holes clustered in the local minimum.

• By employing the new theory of electron hole stability, we prove that observed
double-hump ion distribuZons allow avoiding self-acceleraZon otherwise prevents   
electron holes from remaining slow 

• AddiZonal analysis of the previously observed slow electrons holes confirms
that the considered event was not excepZonal


