Cold electron impact on parallel-propagating whistler chorus waves
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Background and motivation

= Cold electrons = below 100eV = “hidden population” due to spacecraft charging.

« Recently, Roytershteyn et al. |1, 2] identified secondary instabilities that involve direct
energy exchange between the cold plasma and parallel propagating chorus waves,

suggesting that cold plasma heating could significantly damp parallel propagating
whistler waves.

= We aim to quantify this energy exchange via quasilinear theory.

= We also speculate that the electrostatic drift-driven instabilities between cold electrons

and ions may contribute to the discrepancy between simulated and observed energies
of parallel-propagating whistler waves.

How do cold electrons impact the whistler anisotropy instability?
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Beyond linear theory = quasilinear theory (QLT)
= Parallel propagating whistler instability QLT [4]: 0.6 1
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THEMIS vs. QLT whistler wave magnetic energies
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Why do the normalized wave energies differ by a few orders of magnitude?
Secondary instabilities as a source of whistler wave damping
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Understanding the secondary instabilities via linear theory
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Understanding the secondary instabilities via QLT

= Electrostatic QLT equations in magnetized plasma [4]:
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« We assume Fy.(U, 1) is bi-Maxwellian, see Eq. (3), and take moments of Eq. (6).
= We derive the whistler damping rate by conservation of energy.
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Parametric dependence of secondary perpendicular waves as a damping source
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Parametric dependence of secondary oblique waves as a damping source
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Conclusions and future work

= Parallel propagating whistler waves are damped due to
secondary drift-driven instabilities between cold electrons

Link to preprint

[=]

T.(t = 0) 1. Changes in = € [0.6,0.9] do not significantly
impact the energy exchange.
= Open questions and future directions:

and ions.
= Both secondary instabilities weaken significantly as E

1. How do observations of the secondary electrostatic waves -
compare to QLT? E -r'
2. Are EMIC waves and cold ions susceptible to the same

secondary instabilities?
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