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Dust in Earth's ionosphere can quickly become charged by electrons in the — . L.
surrounding plasma. The attachment of electrons to massive dust grains (dz, dz) = (0.25, 0.25) m lons (NO"): Particle-in-cell method. ) o Flations . . ~ Gaussian ions kpT;Vn;
effectively creates a density gradient in the surrounding plasma. Such gradients (n, nz) = (1024, 2048) cells [| ;Frectrons: Inerdaless, quastnewral Sothermal fid. The highly mobile clectrons readily Setting cquilibrium fon and electron 0=+eE———
create instabilities that ground-based radars measure, providing a diagnostic for d=1x10"s “mmg‘;“p‘ g k collide with and attach to dust grains, momenta equal (1) and solving for the ion v
dust density, dynamics, and lifetime. Previous studies laid the theoretical N * Dust: Statc, negatvely charged Grassan in vertial creating a negatively charged layer density yields a quadratic (2). The solution - kpTeVne 1
foundation for studying static, ionized dust layers at 80 ~ 100 km in Earth's 8 steps Pl T before ions have time to respond. is approximately Gaussian (3). 0=—cE— e (1)
atmosphere, and obscrvations have attributed radar echoes associated with ice 0.01% V/m + The hybrid version of our code solves for the le
grains in the polar mesosphere to charged dust. A recently developed hybrid 25x10-5§ T quasineutral electrostatic potential at cach time step, Ne = Ni — Lgng
particle/fluid numerical model of the weakly ionized plasma found in Earth's -0 % y given the electron density, ion flux, and relevant physical : g
lower ionosphere is well suited for si of dust -~ plasma i me=9.1x10" kg parameters (c.g temperatures and collision frequencies). 5 5
Preliminary simulations with a simple 2 ~ D dust model exhibit plasma i = 5.0 x 102 kg * Electron density adjusts to preserve quasincutrality n; —niZqng —ng =0 (2)
turbulence perpendicular to the ambient magnetic field that can be understood O ne =1n; — Zgng
as a modified form of the gradient-drift. This work presents two simulation runs, m, =4.6x 107" kg
both of which model the dust layer as a negatively charged Gaussian. The first no = 101 = Dust parameters ] . Zang 1 1 2n0
run uses a flat initial fon distribution and the second run uses an initial ion - n; = 9 + + T (3)
distribution derived from assuming kinetic equilibrium between ons and ve=30x10"s — 0.1 f | ST P dnd
electrons. In both runs, the electron distribution adjusts to conserve vi=3.0x10%s7! Ndo = 9-1no -1 (TQ)Z R T T T T T o sea0 toae”  isao”  20a0”
quasineutrality. T.=T,=T,=20K Zg=1 ndg = Ndo€ Dewsiy ") Deasity [}
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Flat ions

Relative perturbed ion density 0 Relative perturbed ion density 0
_ N 512 _ N * Turbulent density irregularities evolve along
T i g T 384 g 5] the top edge of the dust layer. Peak amplitudes
= = 2 = "2 are 5-7 % of the background plasma density.
< 20 = < 20 = 3 :
2P0y ’ 2 256 ZZ * Phase velocity of 3-m and 12-m waves varies
25 25 . . .
2 +5.10 o 2 18 1655 o as cos 6 with amplitude roughly 260 m/s in
e both runs.
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000 = RMS relative perturbed E-field P S Zona 000 = - = P 5| both runs. 3-m waves show greater spread
= onal [m] £ RMS relative perturbed E-field } M-
170 5 Frr T 3-m waves: Pcak ncar 512 218 & L L B s S 3-m waves: Peak near || around due west for Gaussian ions. 12-m waves
_ 2340 -1 ”:_ E 1= 4434006 3 3 124162005 3 0°/180°. Spread = 20°. - -4.36 ! y=-294008 | ! yme1.30005 | 0°/180°. Spread = 40°. flow at 5° below due west for flat ions and 5°
b . Peak i | i | b : Pez S
E -5.10 Wk ! 1 ! 12-m waves: Peak g i -6.55 ' i ' i 12 m waves: ezl above due west for Gaussian ions.
= Foi | ! | e 5 3 1 1 ‘ 1 nears . « Gaussian ions have a stationary component
g o ! ! ! Spread ~ 107, g 256 ; ; ; i Spread & 10°, aussian fons have a stationary component.
5 oC | i | 5 ! ! ! ! * RMS relative perturbed electric-field
> : 3 i : > 128 M amplitude increases for both runs. Final growth
— i i Monotonic increase in 0 T T ' ! Non-monotonic rate for the two runs is nearly equal. Increasing
0 128 256 384 512 b | i i ;amtl_slnude,fy chremleS i 0 128 256 384 512 i i i i szrl]pllz}ld?l}']?re"’_sel'{y < || amplitude indicates that neither system has
Zonal [m] [ S T P S Y R ¥ ‘lffo_; o & “tun does Zonal [m] T ‘ld e or "l fons. Bun (eached saturation by the end of the run. /
0.00 58.64 . H7|2)< ! 17592 23456 | not reach saturation. 000 5860 728 17592 23456 doesn t reach saturation.
‘ime [ms] Time [ms]
Theory bty V7, — Naleost Conclusions Next steps
1) Electrons Hall i ift i ili " 1+% B 3 . . .
drift ahead of ions. [ Gradient drift mStablllty ] where y; _ ByxBg  kuT VnxB Electron attachment Simulations of particle ions and inertialess * Vary parameters related to the neutral
d o0 = Zprt T T H e of a static . o
The linear theory of the creating small density K ﬁ:{"ﬁ o ':‘;‘ to dust grains creates electrfms in the presence of a static, atmosphere, to probe the instability at
gradient drift instability (GDI) perturbations. i ) ¥ wk,; electron “bite-outs”, negatively charged dust layer produce different altitudes.
can explain the location and vo 4 Y= aq which have been turbulence that gradient-drift instability

* Run the simulations for more time, to
explore the turbulent saturation
mechanism.

* Run with additional initial

‘With the parameters used in these runs,

Vo = 270cos 0 m/s

observed in-situ
[Havnes et al., 1996].

phase velocity of simulated
density irregularities. The GDI
arises in a plasma with

theory can explain reasonably well. Wave
power indicates westward propagation with
greater spread in 3-m waves than in 12-m

magnetized electrons and
unmagnetized ions when a
density gradient is aligned with
the ambient electric field:

2) The density
perturbations give rise
to a perturbed

3) The perturbed electric
field causes regions of
higher perturbed density

to drift into regions of

Theory predicts that the GDI should
occur on the top side of a negatively
charged dust layer, where the electron

waves. RMS electric field shows that
turbulent growth increases at time
progresses, even when the initial

Ey-Vn >0 oaperturbed lower background density, | | density increases away from the dust distributions are set to be in kinetic s 190 e s ot
electrostatic nheld. 1 M 1l Q1 o0 Bl : lust, Planet. Space 9. 9
leading to instability ey el s ey 008 ) equilibrium. Roninbrg ot Shlia (008, Gratict i il in pace iy s,

distributions, to explore system stability.
Analyze nonlinear evolution.
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