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Background

• Spacecraft potential is determined by currents to the spacecraft. 


• 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
• Spacecraft potential is determined by:

• Often thermal and photo-electron currents are dominant: 

• This leads to density given by: 



Role of density fluctuations

• Density perturbations play in important 
role in Langmuir wave evolution: 

• Density perturbations result in clumpy 
Langmuir waves.

[e.g., Robinson, 1992; 
Voshchepynets et al., 2015]



Nonlinear Processes
Ponderomotive force

Three-wave decay

[Robinson, 1997]

[Graham et al., 2012]
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Nonlinear Langmuir wave processes 
can produce density perturbations. 

[Hospodarsky & Gurnett, 1995]



MMS observations
Upper-hybrid waveform

E-field envelope and spacecraft potential

Probe-to-spacecraft potentials

Electron number densities

Spacecraft photoelectrons

[Graham et al., 2018]



Effect of plasma conditions

• The magnitude of 
spacecraft potential 
perturbations appears to 
depend on density (or 
wave frequency). 

[Graham et al., 2018]



Statistical Results

• Relative changes in spacecraft potential 
decrease as density increases. 

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

[Graham et al., 2018]



Numerical Results

• Test-particle model shows 
that more photoelectrons 
escape due to external 
electric field.

[Graham et al., 2018]



Foreshock Langmuir waves

• Significant potential 
changes are observed for 
Langmuir waves in the 
solar wind.



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]



Comparison with LFR



Comparison with LFR



Low-frequency response from TDS



Statistics
• Low-frequency potential response versus Langmuir wave power.

Quadratic (ponderomotive force)

Linear (modified 
photoelectron emission)
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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. 




