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Throughout, we will look for interesting unsolved problems




I. ‘Cold’ and ‘energetic’ plasma
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‘Cold’ plasma is too cold to be detected by a mass spectrometer on a
spacecraft without spacecraft charging control. Cold ~ 1eV = 10°K




‘Cold’ plasma outflows
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The classical polar wind is an
“and He' thermal outflow
into ‘open’ flux tubes.

H'/He* thermal outflows into
closed, co-rotating flux tubes
is called refilling.

Recent work suggests that
thermal O/N* outflows are
caused by the heating of the
plasmasphere by the ring
current.

A ‘cold’ (thermal) plasma typically has a Maxwellian temperature



Cold plasma: DE Retarding Ion Mass Spectrometer
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Cold plasma: number and mass density measurements

VAP [Nosé et al., JGR, 2015] CRRES [Takahashi et al., JGR, 2008]
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Cold plasma: DE Retarding Ion Mass Spectrometer

[Horwitz et al. JGR, 1986]
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A ‘cold’ (thermal) plasma typically has a Maxwellian temperature.

The plasmasphere temperature structure is not yet fully explained.




‘Cold’ and ‘energetic’ plasma sources
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We find evidence that ‘cold’ outflows are associated with
ionosphere features, such as the tongue of ionization.

Are ionosphere features associated with the ‘energetic’ ions?

Are energetic ions driven primarily by the magnetosphere?

GPS/SuperDARN [Thomas et al., JGR, 2013]
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II. Thermosphere winds shape the plasmasphere

Direct force of winds on the ionosphere:
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SAMI3: 2001 Day 32-36, quiet post-storm refilling
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[Krall et al., JGR, 2014]




2001 Day 32-36: three different wind models
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The plasmasphere shape is affected by winds in the thermosphere.




2001 Day 32-36: SAMI3 with HWM93
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Spatial extent of the wind effect
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Winds affect the
potential out to
L.=4 during a
storm and out to
L.=6 during quiet
times.




2001 Day 32-36: IMAGE/RPI electron density
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SAMI3 test of two wind effects
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The oscillations have not been confirmed using data.



Winds affect the refilling rate
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2001 Day 32-36: TEC

0600 UT Day 36 2001
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At this time, TEC
and the ion fluxes
at L.=4.8 are larger
with no winds or
no dynamao.

Ionosphere
dynamics
continually change
the strength of the
refilling source.




I1I. Thermosphere densities affect H* outflow
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likely to react versus escape (two red arrows) [Richards & Torr JGR, 1985]




Thermosphere densities affect H outflow
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- “Cold” isabout 1 eV =1.2x 104K
- Heat is needed for cold O* outflow [Richards & Torr JGR, 1985]




H* Outflow is sensitive to O
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[Krall & Huba, JGR, 2019]



Measurement and modeling of 2001 day 328-336
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Thermosphere variability and refilling
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IV. Ring current heating and the O+ torus

2015 October 7 storm
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Ring current heating and the O™ torus
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heating term to
the electron
temperature
equation to
mimic CIMI
heating.




Ring current heating and the O" torus

(a) No heating
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Ring current heating and the O* torus
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Model O torus is similar to observations
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Model O torus is similar to observations
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Model O torus is similar to observations
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Model O torus: composition

DE:RIMS [Roberts et al., JGR, 1987] DE:RIMS [Horwitz et al., JGR, 1986]
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Where is the O+ torus/shell?

Chappell [1982]: “in the outer plasmasphere”

Horwitz et al. [1986]: “surrounding the inner plasmasphere”
(refers to it as the O" O** N* N** torus/shell)

Roberts et al. [1987]: “almost always observed in the region of
the plasmasphere just inside the plasmapause and has been seen
at all local times.”




Direct heating of the ionosphere?
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Direct heating of the ionosphere?

heat function
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Extra: Plasmasphere electron content paradox

TEC (total electron content) is vertically-integrated density;
1 TECU = 10'/m~ .

TEC is not the number of electrons over a square meter.

pTEC can be defined as the TEC contribution between JASON
altitude (1340 km) and GPS altitude (20,200 km).

pTEC is stronger at solar maximum [Lee et al., 2013; Shim et al 2017].
During solar maximum, the atmosphere expands, slowing

refilling of the plasmasphere, leading to the “plasmasphere
electron content paradoXx” [krall & Huba, 2016].



TEC = iTEC + pTEC

JASON data
F10.7 < 100

e

Plasmasphere

lonosphere
(TECU)

(TECU)

pTEC and
iTEC data

courtesy of
H.-B. Lee

P|osmo(sTpEf(1:eUr)e F10.7 is
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max)

lonosphere
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[Lee et al., JGR, 2013]

Measured pTEC result based on data from 2002-2009.
B



Refilling is slower at solar max

[Rasmussen et al., 1993, Plan. Space Sci.] .
DT T It is well-known that post-

storm plasmasphere
refilling rates fall with
solar activity.

30+

Solar Maximum

Refilling times are longer
at solar maximum.

90% REFILLING TIME (days)

2 3 4 5 6
L

The paradox is that refilling rates fall with increasing solar
activity while pTEC increases with increasing solar activity.




SAMI3/MSIS* agrees with observations

[Krall & Huba, JGR, 2016]

SAMI3 (MSIS™)
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As in measurements, both TEC and pTEC increase with F10.7.



SAMI3/MSIS* reproduces the paradox
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SAMI3 with the MSIS* modified atmosphere (black dots)
reproduces the paradox: refilling rates fall vs F10.7 while pTEC
increases vs F10.7.



pTEC is sensitive to the thermosphere

ORBIT-DERIVED AND GUVI THERMOSPHERE ANOMALIES
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[Emmert et al., JGR, 2014]




TEC dominated by near-Earth electrons

SAMI3 (MSIS*): F10.7/A = 80 vs 160
3000 4 : ™ T TTTIT
3t
__ 2000} f
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1000
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Electrons at geocentric radius 1.3 R contribute 4 times as much

as electrons at 2.6 R, and 9 times as much as at 3.9 R..



pTEC isn't strongly affected by storms

Plasmaspheric TEC
Kp_ave = 1.0

Kp_ave = 3.9
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“rec’Tecy) . ©° [Shim et al., JGR, 2017]
Related to the fact that pTEC gives more weight to near-Earth
electrons, it is also not strongly affected by storms.
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