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Simulation Study of Small-scale Plasma / Neutral Dynamics from Electron Precipitation
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Soft electron precipitation is known to initiate a range of The dynamics and timescales are best illustrated with high For comparison, less energetic electron precipitation shows Results for plasma number density across the spectrum of = —emmmmlas——— ® e
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temperature, density, and upwelling. Due to the complex of the simulation with 100 eV characteristic energy and 4 minutes of the simulation with 500 eV characteristic energy The first two columns indicate the prescribed energy and - .5 N 1 5 —

coupling of these reactions with the underlying plasma and
neutral populations, a straightforward interpretation of the
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[ Gaii | | o == | Plots from a previous study show response from 100 eV
BT 0043, Samidind A i S R 7 i A 1000 6 3.14 6.00E+008 1.88E+009 electron precipitation cycled between "high" and "low" energy
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flux values to examine dynamics associated with a series of
PMAF structures. Of note is that neutral density increase is
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section for discussion. This related work involved cycling soft

examination of short-term accelerations. Only one dimension
(vertical) is used here.

This study includes a panel of 16 separate simulations:

* Electron precipitation is continuously active for ~18 minutes
for each simulation.

* Precipitation characteristic energy is varied across a range of
4 values: 100 eV, 200 eV, 500 eV, 1 keV.

* Precipitation energy flux is also varied across a range of 4
values: 1 mW/m?, 2 mW/m?, 4 mW/m?, 6 mW/m?.

Comparison of plasma number density is provided across this
spectrum of input parameters.
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Responses in plasma number density include:

* Initial increase occurs over the course of ~10 minutes. Very
little change is evident in the last few minutes.

* Density increases monotonically over the course of the
simulation to a near maximum value for a given altitude.

* Very little rise occurs in latter time period.
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Comparing 100 eV and 500 eV examples:

* As noted above, marked decrease

- I1I012

1 400H

E 200

In plasma density

response for harder electron precipitation.

* Plasma density peak migrates to lower altitude for 500 eV
case (~250 km), indicative of more energetic precipitation.

* As with 100 eV, very little density rise in latter time period.
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* For 500 eV electrons, density increases ~1 order of mag.
* For 100 eV electrons, density increases ~1.5 order of mag.

These results suggest the following trends for top-side
ionospheric density with continuous soft electron precipitation:

* Both precipitation characteristic energy and energy flux play
an important role. However, characteristic energy appears to
be the more dominant parameter.

* Strong upward ion velocity from softer precipitation provides
significant mass transport for ionospheric density.

* Additionally, softer precipitation raises the altitude of the
plasma density peak. This effect, to some extent, raises the
lonospheric column, increasing the topside density further.

electron precipitation on and off to examine the dynamics . . . | 500 1 158  6.00E+008 9.48E+008 slow but steady (~10 minute scale) due to large inertia.
Poleward Moving Auroral Forms (PMAF's). Several early timescales and dynamic responses are evident Comparing 100 eV and 500 eV examples:
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Sufficiently soft electron precipitation (< ~500 eV) initiates a than ion velocity. This decrease continues for remainder of * Energetic electrons travel deeper into the ionosphere where 200 5 1679  6.00E+008 1.01E+010 o0
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al. 2012 JASTP). Inclusion of the inertial terms allow for == —r = —" * For 1 keV electrons, density increases 1-3 fold. * Downward waves are quickly damped due to increasing

density.

* Upward waves travel more efficiently due to exponentially
decreasing densities.

* Steepening velocity profile is due to compression wave
traveling into a region of rarified density.

* Velocity must steepen in order to propagate carrying the
same mass, momentum, and energy.

* New wave is launched due to new precipitation at 6 minutes.

Future work in this area will include a more systematic
examination of the dynamics of PMAF's and two-dimensional
structures such as field-aligned currents.
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