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•M-I Coupling: SED, SAPS, Cold Plasma
•Whole Atmosphere Coupling
•TIDs

Topics in this talk:
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The Plasmasphere

Goldstein, 2005
Lemaire and Gringauz, 1998

Cold plasma (~1 eV)
Dense (10 - 10,000 cm-3)

Governed by slow diffusion processes
Quiet times: Toroidal shape

H+ (80%)
He+ (10-20%)
O+ (1-10%) 

??? not in the solar wind??
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Plasmasphere Coordinates: L Shell

(IGRF field)

CC BY-SA 3.0, https://
en.wikipedia.org/w/index.php?

curid=13361654

(Dipole field)

Carl McIlwain (1961)

https://en.wikipedia.org/w/index.php?curid=13361654
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Ionospheric Plasma Structure: Transport Consequences

TEC Dusk Sector
Positive Storm Phase

Mendillo and 
Klobuchar 1974
Beacon TEC

• Unusually high, localized electron density columnar content
• Follows storm onset
• Latitude dependence
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Foster et al 2002
GPS TEC

SAPS

SED

!"#$%&'()&*++(&&(,-'+&./

A)

012&34567

18%"8$79&/1:

log TEC (TECu)
1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

!"#$%&'()&*++(&&(,-'+&./

A)

012&34567

18%"8$79&/1:

log TEC (TECu)
1.2

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2

Log10(TEC,
TECu)

0

2

4

6

-6

-4

-2

0-2 2 4 6 8

17 Jan 2013  19:20 UTC

12 Apr 2001  03:49 UTC 31 Mar 2001  19:30 UTC

Da
wn

-D
us

k 
Di

st
an

ce
 (R

e)

Sunward Distance (Re)

TEC TOI 
Snapshot

TEC Plume 
Snapshot

IMAGE 
EUV Plume

A B

C D

Da
wn

-D
us

k 
Di

re
ct

io
n

Sunward Direction

He+ 30.4 nm

-100 -90 -80 -70 -60 -50 -40
Longitude (deg)

40

45

50

55

60

65

70

La
tit

ud
e 

(d
eg

)

31 Jan 1982  15:00 UT
log Ne (m-3)

11

11.1

11.2

11.3

11.4

11.5

11.6

11.7

11.8

11.9

12
31 Jan 1982  15:00 UTC

Log10
(Ne, m-3)

Radar Scan
Snapshot

Log10(TEC,
TECu)

SunwardAnti-sunward

DMSP

12

11.9

11.8

11.7

11.6

11.5

11.4

11.3

11.2

11.1

11

1.6

1.4

1.2

1

0.8

0.6

2.0

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

70

60

50

40

La
tit

ud
e 

(d
eg

)

-100 -80 -60 -40Longitude (deg)

Millstone Hill Radar scans
Foster 1993

• Large density
• Predominantly O+
• Transport from lower latitudes towards noontime cusp
• Highly structured plasmasphere/plasmapause (local time dependence!)

Ionospheric Plasma Structure: Transport Consequences

What drives this 
structure?
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Region 1 and Region 2 Birkeland currents

By Le, G., J. A. Slavin, and R. J. Strangeway - Space Technology 5 observations of the imbalance 
of regions 1 and 2 field-aligned currents and its implication to the cross-polar cap Pedersen 

currents, J. Geophys. Res., 115, A07202, doi:10.1029/2009JA014979

Dawn

Dusk

Kelley, 1989

1

2

12	MLT

00	MLT
3

stormtime	
injections

ring	
current

High	latitude
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Sub Auroral Cold Plasma Structuring Agents: SAPS

Region	2:

1:	Azimuthal	pressure	gradient	
2:	Radial	flux	tube	volume	gradient	
3:	1	x	2	=	parallel	current	closure

Storm	time	FACs	
Iijima	and	Potemra,	1978

1

2

12	MLT

00	MLT
3

Electric	fields	in	the	ionosphere	
(Ohm’s	Law)

12	MLT

00	MLT

R2	
(in)

R1	
(out)

SAPS:		
Current	closure	through	

low	conductance	ionosphere	=	
potential	created	=	

poleward	E	field	in	dusk	sector

Vasyliunas,	1970;	2009stormtime	injections

E

V
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Kp = 6 event 
F10.7 = 233 
DsT -100 nT

Millstone Hill UHF Radar 
Azimuth Scan (4 deg El) 
Log Electron Density m^-3 [10, 12.5] 
1980-10-11 03:47:27 UTC

42.6 N, 288.5 E 
54 MLAT 
L ~ 2 to 4Plasmasphere Boundary Layer 

(Carpenter and Lemaire, 2004)
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Kp = 6 event 
F10.7 = 233 
DsT -100 nT

Millstone Hill UHF Radar 
Azimuth Scan (4 deg El) 
Line-of-sight Ion Velocity [0,800] m/s 
1980-10-11 03:47:27 UTC

42.6 N, 288.5 E 
54 MLAT 
L ~ 2 to 4Plasmasphere Boundary Layer 

(Carpenter and Lemaire, 2004)
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Foster and Vo,
2001

SAPS, SED
Morphology

Voltage generator?
Current generator?

Answer:
Yes.

(and No.)
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SAPS Structuring and Instabilities

Anderson et al 2001

Erickson et al 2002

Currents close at E region heights
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Sub Auroral Cold Plasma Structuring Agents: SAPS

Foster et al, 2007

Sunward ion flux 
caused by 
SAPS/SED 
overlap

DMSP 840 km
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Cold, Heavy Plasma Outflows

Quiet Storm

1999

High latitude/cusp
Auroral bulk outflow, etc.

Heating, energization

Mid Latitude / SAPS
Associated vertical flow
Heating? Energization?

vertical drift Vo (m/s)
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To high latitudes / cusp

Important source for 
ring current, plasma sheet

(it’s not all solar wind plasma)

400 m/s @ 400 km
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Electrodynamics Connections: Ionosphere, Plasmasphere

GPS TEC 
[0, 150] TECu

GPS TEC 
mapped to equatorial plane 
(correspondence with IMAGE EUV)

(e.g. Foster et al 2004)

March 31, 2001
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Cold Plasma Effects on Geospace: 
It’s Not A Boundary Value Problem



Plasmaspheric drainage plumes:
Mass-loading the magnetopause

Borovsky, Science, 2014

Solar wind coupling increases
Magnetosphere ‘fights back’



Cusp
Polar cap
boundary 

20:25 - 20:30 UT 21:25 - 21:30 UT

19:25 - 19:30 UT18:25 - 18:30 UT
Geodetic GPS Total Electron Content Maps

17 Jan 2013
Magnetic 
footprint of 
THEMIS E

Polar cap
patches

Sunward

Dawn

Walsh et al, Science, 2014
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•M-I Coupling: SED, SAPS, Cold Plasma
•Whole Atmosphere Coupling
•TIDs

Topics in this talk:



Nighttime effects of Sudden Stratospheric Warmings:  
deep depletion in electron density from ~50

o
S to 40

o
N  

multi-diagnostics study: GNSS TEC + ISRs + ionosondes

..decrease	in	NmF2	in	the	
Southern	Hemisphere	middle	
latitude…

…spread-F	development	at	the	
magnetic	equator…

..decrease	in	Ne	and	large	downward	
plasma	drift	at	subtropical	latitude..

..decrease	in	Ne,	cooling,	and	
large	downward	plasma	drift	at	
NH	middle	latitude..

Goncharenko	et	al.,	
2018,		
JGR-Space	physics,		
Journal	highlight

• SSWs	affect	the	nighttime	electron	density,	decreasing	it	by	a	factor	of	2-5		
• The	hole	in	ionosphere	covers	half	the	globe	–	from	50oS	to	~40oN	
• These	effects	are	likely	to	be	related	to	changes	in	thermospheric	zonal	wind	+	lunar	tide	–	not	

yet	understood	
• List	of	coauthors	includes	REU	student	and	pre-college	student

L. P. Goncharenko, MIT Haystack



Large scale and 
equatorward propagating 
TIDs are generated from 
constant energy input from 
the auroral source as a 
result of the Memorial Day 
weekend storm.

Medium scale poleward 
propagating TIDs are 
probably be seeded by 
locally generated 
convective source 
(possibly gravity waves 
from convection activity at 
Pacific coast).

EXAMPLES OF TRAVELING IONOSPHERIC DISTURBANCES (TIDS) AND 
SOURCE ANALYSIS OBSERVED DURING GEOMAGNETIC DISTURBED AND 

QUIET PERIODS 

Olusegun J. et al, 2018


