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Spin-modulated components in the spacecraft potential distorting the electric field

measurement of the Arase satellite
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The Arase satellite measures the electric field with the electric field detector (EFD) of the Plasma Wave Experiment (PWE),
employing the Wire Probe Antenna (WPT), which consists of the two dipole antennas of 32 m tip-to-tip with a spherical probe
(6 cm diameter) attached at each end of the wires (length: 15 m). The potential difference between a pair of the probes pro-
vides the electric field vector, while the instrument also records the floating potential of each probe separately (Vul, Vu2,
Vv1, and Vv2). These antennas are extended orthogonal to the spin axis, which is roughly parallel to the sun direction.
Normally, E-field measurements are not much affected by fluctuations of the satellite potential because it can be cancelled by
differentiating potentials between two probes. However, we found that the satellite potential has significant spin-modulated
components that cause serious impact on the E-field measurement. The purpose of this study is to examine the fluctuation
of the satellite potential to identify the characteristics and cause of the spin-modulated component. Waveform analyses of
the probe potential show that spin-modulated components appear in the spacecraft potential Vsc calculated as the average of
Vul, Vu2, Vvi, and Vv2. A statistical analysis of this modulation reveals that the spacecraft potential Vsc almost always
has four fairly-regular peaks per spin; the peaks appear at specific spin phases when the sun illuminates the satellite from
the directions of the four corners of its body. To understand how those potential variations are induced, we simulated the
Vsc fluctuation associated with the satellite spin, assuming a simple current balance model for the satellite surface. In this
model, the net flux of photoelectrons is proportional to the effective emitting area. The result is that the projected area of
the spacecraft to sunlight changes by as much as 20% during a satellite spin and this variation play the main role in the Vsc
fluctuations. It is also revealed that this spin modulation of the sun-illuminated area arises because of the cuboid body of the
Arase satellite. In addition, five particle instruments (LEP-e, LEP-i, MEP-e, MEP-i, and HEP) equipped on two sides of the
body make an asymmetry of 12% in the effective emitting area. We discuss that this spin-dependence of the photoelectron
emission quantitatively explains the observed modulation of Vsc.
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