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Electron	  solitary	  waves	  

•  Debye	  scale	  dipolar	  electric	  fields	  parallel	  to	  B.	  
•  Can	  be	  produced	  by	  Buneman,	  bump-‐on-‐tail,	  or	  
bistreaming	  instabiliEes.	  	  

•  They	  are	  oLen	  associated	  with	  reconnecEon	  
separatrices,	  current	  sheets,	  and	  electron	  beams.	  	  

[Matsumoto	  et	  al.,	  1994].	  	  



5	  March	  2007	  –	  Cluster	  2	  

	  
•  Asymmetric	  reconnecEon	  observed.	  
•  Two	  disEnct	  ESW	  Eme	  scales	  present.	  
•  ESWs	  are	  observed	  near	  current	  sheet,	  

suggesEng	  Buneman	  instability.	  	  
•  Bistreaming	  instability	  may	  produce	  

the	  fast	  ESWs.	  
•  Time	  delays	  between	  different	  probe	  

combinaEons	  are	  clearly	  seen.	  

Internal	  burst	  mode.	  



Size	  and	  speeds	  of	  electron	  holes	  

•  ESW	  speeds	  and	  lengths	  esEmated	  from	  Eme	  delays	  between	  probes.	  
•  ESWs	  move	  parallel	  to	  B.	  Electric	  field	  diverges.	  
•  V	  ~	  50	  km/s	  for	  slow	  holes;	  V	  ~	  600	  km/s	  for	  fast	  holes.	  
•  Length	  scale	  is	  l	  ~	  6λD	  for	  both	  fast	  and	  slow	  electron	  holes.	  
•  Maximum	  ESW	  potenEals	  are	  V0	  <~	  1	  V.	  
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22	  April	  2008	  –	  Cluster	  3,4	  

•  ParEal	  magnetopause	  
crossing.	  

•  Northward	  ion	  flow.	  
•  Mixing	  of	  MS	  and	  SH	  
electron	  observed.	  

•  Most	  intense	  electric	  
fields	  are	  observed	  at	  
the	  magnetopause.	  	  

Blue	  shading	  indicates	  EFW’s	  internal	  burst	  mode	  
interval.	  	  

Internal	  burst	  mode.	  



ESWs	  and	  electron	  distribuEons	  

•  Fast	  and	  slow	  ESWs	  are	  observed	  close	  to	  
the	  magnetopause.	  

•  Assuming	  l	  =	  6λD,	  speeds	  are:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
v	  ~	  400-‐1400	  km/s	  and	  v	  >~	  4000km/s.	  
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Electron	  distribuEons	  over	  EFW’s	  
internal	  burst	  mode	  interval.	  Most	  
ESWs	  correspond	  to	  Eme	  of	  (d).	  

Green	  solid	  –	  magnetospheric	  fe(E)	  
Green	  dashed	  –	  magnetosheath	  fe(E)	  



05	  January	  2003	  

•  Fast	  and	  slow	  ESWs	  observed	  together;	  fast	  and	  slow	  
ESWs	  do	  not	  coalesce.	  	  

•  Electron	  distribuEon	  suggests	  bistreaming	  instability.	  
•  Assuming	  l	  =	  6λD,	  speeds	  are	  v	  ~	  300	  km/s	  and	  	  	  	  	  	  	  	  	  	  	  	  	  
v	  ~	  3000	  km/s.	  	  



Discussion	  
•  For	  event	  eφ/kBTe	  <<	  1	  ènarrow	  range	  of	  
trapped	  electron	  speeds.	  	  

•  Trapped	  electrons	  of	  fast	  and	  slow	  ESWs	  don’t	  
overlap	  è	  fast	  and	  slow	  ESWs	  do	  not	  coalesce.	  

•  For	  the	  Buneman	  instability	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
We	  calculate	  ESW	  speeds	  130,	  320,	  and	  290	  km/s,	  
consistent	  with	  slow	  ESWs.	  

•  Electron	  distribuEons	  are	  consistent	  with	  the	  
bistreaming	  instability	  generaEng	  fast	  ESWs.	  

•  ESW	  speeds	  are	  too	  small	  for	  bump-‐on-‐tail	  
instabiliEes.	  
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on-tail instability [Omura et al., 1996]. For the bump-on-tail instability the ESWs will186

have speeds comparable to, but smaller than, the electron beam. For electron beams187

associated with magnetosheath electrons (e.g., Figure 2a) we estimate beam speeds v
b

&188

4 ⇥ 103 km s�1, corresponding to E & 50 eV, faster than the observed ESWs in Figure189

1. Moreover, Figures 4 and 5c do not show evidence of bump-on-tail distributions. The190

bump-on-tail instability may generate ESWs in regions where electron beams are observed,191

but the ESWs could have time scales too short to be resolved by EFW.192

ESWs can be generated by the Buneman instability, produced by a relative drift between193

electrons and ions, i.e., by strong currents, such as the Hall currents in the separatrix194

regions [Khotyaintsev et al., 2006]. The predicted lengthscale of ESWs produced by the195

Buneman instability is l ⇠ 2⇡v
d

/!

pe

, where v

d

is the relative drift between electrons and196

ions [Drake et al., 2003; Cattell et al., 2005]. Assuming v

d

⇠ v

e

, l ⇠ 6�
D

, consistent with197

the observed l

pp

for the fast and slow ESWs in Figure 1 and the assumed l

pp

in Figures 3198

and 5. In the cold plasma limit the phase speed is vph = (m
e

/2m
i

)1/3v
d

/2 [Khotyaintsev199

et al., 2010], where v

d

& v

e

is required for the Buneman instability to become unstable.200

By assuming v

d

= v

e

we calculate 130 km s�1, 320 km s�1, and 290 km s�1 for the ESWs in201

Figures 1, 3, and 5, respectively. These values are in agreement with the estimated speeds202

of the slow ESWs. The Buneman instability also accounts for the ESW frequencies near f
pi

203

in Figures 3 and 5, although the slow ESWs in Figure 1 are below f

pi

. The current density204

J required to satisfy the Buneman instability is J & q

e

n

e

v

e

, where q
e

is the electron charge.205

By assuming current sheet widths of d
i

= c/!

pi

in Figures 1 and 3 we estimate values of206

J about an order of magnitude smaller than those required for the Buneman instability.207
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Conclusions	  

•  Fast	  and	  slow	  ESWs	  associated	  with	  	  
asymmetric	  reconnecEon	  are	  observed	  è	  
mulEple	  instabiliEes	  in	  the	  same	  region.	  	  

•  Slow	  ESW	  speeds	  are	  consistent	  with	  the	  
Buneman	  instability.	  

•  Fast	  ESWs	  are	  consistent	  with	  electron	  
bistreaming	  instabiliEes.	  


