Effects of large-amplitude Langmuir
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Background

Spacecraft potential is determined by currents to the spacecratft.

The spacecraft potential tends to scale with density, and can be used as
a density estimate.

Spacecraft potentials can be measured at much higher cadences than
particle distributions.

This makes high cadence measurements of density theoretically possible.



Spacecraft potential

o Spacecraft potential is determined by:
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e Often thermal and photo-electron currents are dominant:
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Role of density fluctuations
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* Density perturbations result in clumpy

Langmuir waves.

[e.q., Robinson, 1992;
Voshchepynets et al., 2019]
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Nonlinear Processes

Three-wave decay
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Nonlinear Langmuir wave processes

can produce density perturbations.
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MMS observations

MMS1: T_=160eV, A\j =130 m
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MMS2: n_ = 0.6 cm™, T_=1keV, \,=320m

Effect of plasma conditions
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Statistical Results

* Relative changes in spacecraft potential
decrease as density increases.

 Potential changes are too large to be
explained by ponderomotive force.

W = eOEgnv /(4n_kgT,)

10 10° 10” 10" [Graham et al., 2018]



Numerical Results
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Application to Solar Orbiter

 Possible approaches to look at high-resolution potentials:
 Use TDS and LFR burst mode (256 s-1).
« Compare TDS-MAMP with LFR burst mode.

 Use Fields and potential from TDS (similar to STEREO).
[Henri et al., 2011]
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Comparison with LFR
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Low-frequency response from TDS

Langmuir Wave: Snapshot number 44
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Statistics

* Low-frequency potential response versus Langmuir wave power.
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Conclusion

» Spacecraft potential can potentially be used to estimate high-cadence
density.

» Electric fields of Langmuir waves can modify spacecraft potential by
enhancing photoelectron emission.

* Difficult to quantify this effect on Solar Orbiter.






