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Simulation

Principal mechanism: 
generalized Rayleigh-
Taylor instability 
(Dungey, 1956)

Bifurcation leads to 
structure, then 
secondary instability, 
and, ultimately, small-
scale irregularitie Carrasco et al. (2020)



Aggson et al. (JGR, 1992)

Supersonic upflows
• > 1 km/s 
• within bubbles
• Equatorial orbit

~1-2 km/s



Swarm transit geometry
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Swarm A transit - southbound

-20 -10 0 10 20MLAT
2

4

6

8
105

-68 -66 -64 -62 -60
MLON (degrees)

-25

-20

-15

-10

-5

0

5

10

15

20

25

M
LA

T 
(d

eg
re

es
)

5

5.5

6
lo

g(
#/

cm
3 )

VEast 

11 22 34 45
Seconds

5

5.5

6

lo
g(

#/
cm

3 )

VUp 

Swarm B
Trajectory Bifurcation

region

MLT 20.70 20.53 20.33 19.9320.13

(a)
(b)

(c)

(d)

600 m/s

700 m/s

Density

Vup



Additional example
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Next: Standing Alfvén Waves
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Standing Alfvén Waves Within 
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• Strong magnetic fluctuations and 
Poynting flux  within EQB 
reported previously:

• Park et al. (JGR, 2008); Luehr
et al. (Frontiers Phys., 2014); 
Rodriguez-Zuluaga (2017)

• We show: correlated E and dB 
indicating standing Alfvén waves
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Conclusions

! Swarm observes correlated density, velocity and magnetic 
fluctuations within equatorial plasma bubbles.

! Mesoscales: Bubbles are bifurcated by protrusion of 
higher-density plasma moving upwards at 100’s m/s

! ~1-2 Hz: Evidence of Alfvén eigenmodes within bubbles

! Eigenmode structure indicates field-aligned bubble lengths 
of 100-200 km (much less than field line length)
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Swarm A – 2014-10-23
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