
Boston University

OpenBU http://open.bu.edu

BU Open Access Articles BU Open Access Articles

2024-06-11

Plasma waves and turbulence

M. Oppenheim. 2024. "Plasma Waves and Turbulence"

https://hdl.handle.net/2144/50073

"Downloaded from OpenBU. Boston University's institutional repository."



Astronomy Department

Plasma Waves and Turbulence
• Strong Electrojet currents become turbulent
• Turbulence modifies conductivities and currents
• What type of waves?

• Steaming instability: Farley-Buneman Waves
• Gradient Drift Waves

• Where do they exist?
• Partially Ionized, Cold Plasmas
• Region with strong electric fields (or neutral 

winds)
• How are they detected:

• Radar Echoes 
• Rocket Data

Jicamarca Radio Observatory
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Figure 4. Same as in Figure 3 but for the spatial and temporal evolution of un-

stable plasma structures in and around one or more intense discrete arcs between

05:10 UT and 05:25 UT on 13 March, 2021. Panels a–c) show how turbulent regions wrap around

the optical arcs during a short time span with spikes in the icebear radar aurora Doppler ve-

locity (the turbulent wave phase velocity). Panels f–j) detail how the radar aurora can act as a

precursor to increased optical emissions.

The third event (Figure 5 and Video 3 in the Supporting Information) di↵ers from291

the first two in that both the optical emissions and radar aurora are oriented along the292

north-south direction, extending over more than 100 km. In this event, the radar aurora293

is for the most part nestled inside a sharp crevice between the auroral forms. Initially,294

this turbulent structure grows greatly in bulk size and SNR, roughly following the au-295

roral forms that constrict growth to a south-west-ward direction. Then the forms of the296

optical aurora evolve dynamically and intrude on the space previously occupied by the297

radar aurora. From Panels c–f) we observe a clear decrease in the radar aurora bulk size298

and SNR at the same time as optical auroral forms are entering into its vicinity. In the299

Supporting Information, we present a brief analysis into this temporal anti-correlation,300

where sample cross correlation plots indicate that the radar aurora again preceded the301

optical aurora rather than the opposite.302
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Radar & Optical Data: 
Red shows EJ waves 
Green shows precipitation
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Electrojet PIC Simulations 
show how turbulence 
modifies conductivity
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Instability-driven plasma turbulence 
drives:
• Turbulent electrostatic fields create 

wave-induced nonlinear currents 
(NC).

• Anomalous electron heating (AEH) 
reduces recombination, leading to 
plasma density increases.

These microscopic processes modify 
global-scale macroscopic ionospheric 
conductances 
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