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Estimation of a spurious electric field arising from spacecraft charging and pho-
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The most commonly used spaceborne technique for electric field measurement is the double probe method, which measures
the potential difference between a pair of identical probes extending from the spacecraft. The potential of a sunlit probe in a
tenuous plasma becomes positive due to the balance of photoelectron current and the ambient electron current. A bias current
applied to the probe reduces its potential to be lower than that of the spacecraft potential. In a tenuous plasma, the electric
field measurement using double probes can suffer from a spurious sunward electric field due to photoelectrons emitted from
the spacecraft and the positive charging of the spacecraft body. The photoelectrons are emitted from the sunlit side of the
spacecraft and the center of the photoelectron cloud is thought to be shifted toward the sun, attracting the surface charge of
the spacecraft. The resultant pair of charges localized on the sunlit side induce a dipole-like electric field pointing sunward.
This local electric field is registered as a sinusoidal curve of the potential difference between the two probes as a function of
the phase of the satellite’s spin motion. Imbalance of the sheath potentials between the two probes can also be detected as a
sunward spurious field. The sunward-side probe collects more photoelectrons emitted from the spacecraft, decreasing the
probe potential, while the anti-sunward probe loses more escaping photoelectrons due to the positively charged spacecraft
body, increasing the probe potential.

For a precise analysis of the ambient (natural) electric field, it is desirable to estimate the spurious electric field and then
subtract it from a measured electric field. In this study, an attempt is made to estimate the spurious electric field from the
potential difference obtained by Plasma Wave Experiment (PWE) / Electric Field Detector (EFD) onboard the Arase satellite.
Our estimation of the spurious electric field was based on the following assumptions: 1) an observed electric field is a sum of
natural and spurious fields, 2) the natural electric field is perpendicular to the background magnetic field, and 3) the spurious
electric field points sunward. For selected cases in which the background magnetic field was parallel to the spin plane, we
estimated the x-component (sunward in the spin plane) of the spurious electric field.

Monthly statistics starting from April 2017 to March 2024 revealed the presence of the spurious electric field during
periods in which the electron density was less than 100 cm 3. A linear relationship is identified between the x-component
of the spurious electric field and the log of electron density (log n,) in the range 10 <n, <100 cm™2 in 2/3 of the months
in which the estimation was available. Using the linear relationship, the spurious electric field was estimated as a function
of the electron density. In some cases, the x-component of the spurious electric field followed that of the observed electric
field. Subtraction of the spurious component from the observation improved the ratio of the sunward component with respect
to the magnitude of the electric field. In some other cases, however, the estimation was not successful and over-subtraction
occurred. We investigated a possibility that the spurious electric field deviated from the sun direction due to the photoelectron
cloud guided by the background magnetic field, but there was no clear correlation found between the over-subtraction and
the direction of the background magnetic field.

The relationship between the spurious electric field and log n. disappeared in 2018-2020. The fitting parameters of the
regression line were examined to see if there is any correlation with F10.7 intensity as an indicator of the solar UV, but the
reason for the loss of the linear relation in 2018-2020 is not yet understood.
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